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COMMONWEAL TH OF AUSTRALIA. 

Commonwealth Scientific and Industrial Research Organization. 
SEVENTH ANNUAL REPORT FOR THE YEAR ENDING 30ni JUNE, 1955. 

I. INTRODUCTORY. 
1. GENERAL. 

The Commonwealth Scientific and Industria1 
Research ,Organization was established on 19th :M:ay, 
1949, when tlie Science cmcl Industry Besea.r~h 4ct 
19!!9 wns procla.imed. Uncley the Ac~ th~ 0rgamzation 
took the •place of the Council for Sc~entrfic and Indus
trial Research, whicl1 in turn had, m 1926, taken the 
plaee of the Institute of Science and Industry. 

The powers and functions of the 01:ganizat~on are 
similar to those of tho former Council and mch)de 
t.he initiation and carrying out of research in conne:uon 
with, or for the promotion of, primary and ~~coi:dary 
industries in the Commonwealth or any Icrntory 
of the Commouwealt,b · tl1e training of research workers; 
the making of grants in aid of pure scienti£c research; 
the testing and standardization of scientific ap~ara!us 
and instruments, and the carrying out of scientific 
invest.i,..ations connected with standardization; t.lw 
collecti~n and disseminatio1t of information relating to 
scientific and technical mattel'S; and acting as a means 
of liaison with other countries in mat.ters of scientifie 
research. 

2. Exr,:cuT1v.1-;. 

:llfr. H. J. Goodes, 0.B.E., I3.A., has been reapp?intecl 
as a. member of the ExccutiYe for a fnrthel' period of 
three ;years. 

:J. ADVISOU,Y 0.0UNCII., 

Dr. L. B. Bull, C.B.E., D.V.Sc., formerly ~hief of 
the Division of Animal H ealth and Production, has 
heen co-opted to the Advisory Council. 

4. SECRETARIAT. 

A.11 hranches of the Staff Section at Head .Office 
have now heen plnced under the direct control_ of Mr. 
D. T. 0, Gillespie, ::biLSc,, who has bean designated 
Assistant Secretary (Staff). 

5. HONOURS .ANl) AWARDS, 

Sir Edward Lefroy a member of the Advisory 
' . h Q ' Council, was made Knight Bachelor m t e ueen s 

Birthday Hon?urs for his services . to th~ Western 
Australian agr1cultmal and pastoral rndustr1es. 

Mr, W. A. Gunn, a member of the Advisory Council, 
was made a Companion of the Order of St. Michael 
and St. George for his services to the pastoral industry 
in Queensland. 

Dr. H. 0. Forster, Assistant Executive Officer, was 
elected Federal President for 1055 of the Australian 
Institute of Agricultural Science. 

Dr. D. F. Martyn, Chief Scientific Officer of the 
Radio Research Board, was elected by the Physiral 
Societv of London as 0harles Cree '.Medallist for Hl55, 
in rccognitioll of his outstanding researnl'.es ~oneerning 
the ionosphere. Dr. Martyn was also rnv1ted to be 
Scott Lectmer at tl1e UniYersity of Cambridge for 
1954. 

:Mr. N. A. Esserman, Chief of the Division of 
Metrology, was one of five new representative~ of

1
· 

various countries who were elected to the Internat1011a 
Weirrhts aud :Measures Committee of the Bureau 
Intc7"nationale des Poids et Mesures in Paris. 

Dr. C. H . B. P riestley, Chief of the Division of 
Meteorological Physics, was elected a member of the 
Executive Committee of the International Meteoro
logical Association of the International Union of 
Geodesy and Geophysics. 

Dr. M. J. D. White, Senior Research Fellow in the 
Division of Plant Industry, was elected Fellow of the 
Australian Academy of Science. 

Mr. A. T. Dick, Principal Research Officer of the 
Division of Animal Health and Production, and Dr. 
A. M. :Mathieson, Principal Research Officer of the 
DiYision of Industrial Chemistry, were joh1tly awarded 
the David Syme Reseal'ch Prize for l~fi4_ by_ the 
University of Melbourne, for the most d1strng~nshed 
contributions during the preceding t,vo years 1.u the 
fields of biology nud chemistry respectively. 

Dr . .A. J. Hodge, Research Officer of the Division of 
Iadustrial Chemistry, was awarded the Rennie 
1\fomorial Medal for 1954 by the Royal Australian 
Chemical Institute, for the yeai·'s best contribution to 
the development of chemical science in Australia. 

Dr. D. E. Weiss, Senior Research Officer of the 
Division of Industrial Chemistry, was awarded the 
Grimwade Research Prize for 1955 by the University 
of Melbourne, for his study on the separatiou of 
materinls by absorption. 

Dr. H. E . Dadswell, Assistant Chief of tl1e Division 
of Forest Products, was awarded for the first quarter 
of 1955 the Walker Ames Professorship in Forestry at 
the University of Washington, Seattle. 

Dr. R. N. Bracewell, Senior Research Officer of the 
Division of Radiophysics, was invited by the University 
of California to give a series of lectures on radio 
astronomy as Visiting Assistant Professor. 

Dr. D. Spencer, Research Officer of the Division of 
Plant Industry, was awarded a post-doctoral fellowship 
at the :M:c0ollum-Pratt Institute, John Hopkins 
University, U.S.A. 

Dr. R. A. Durie, Research 10fficer, Coo.I Research 
Section, was awarded a Fellowship by the N ationnl 
Research Council of Canada. 

Mr. M. Michael, Technical Officer, Division of 
Indnstrial Chemistry, was awarded the Henry Ellison 
Research Fellowship at the University of Sheffield. 

6. RETIREMENTS. 

Miss E. L. Archer, M.Sc., has retired from her posi
tion as Chief Librarian of the Organization. Miss 
Archer had been on the sto.ff of the Organization and 
its two predecessors (the Council for Scientific and 
Industrial Research, and the Institute for Science and 
Industry) from the earliest years of their formation. 

Dr. H. Thompson, M.A., D.Sc., has retired from his 
position as Chief of the Division of Fisheries. Dr. 
T1hompson was the first Chief of the Division and 
during the seventeen years of his leadership it has 
become 0110 of the lending ln.boratories of its kind in 
t.he .world. 

7. NEW D IVISION. 

The Section of Meteorological P hysics with head
quarters at Aspendale, Victoria, has been 

1
designated a 

Di.vision, and Dr. 0. H. B. Priestley, M.A., Sc.D., 
Chief of the Division. 



8. InttIOATION RE.."EAltCR STJ\TIONB. 

In view of the impending retirement of Mr .. E . . S. 
West, B.Sc., 1'LS., Officer-ju-Charge of t!1e Trr1gat1on 
R esearch Station at Griffith, it was dc_<'1<led that the 
administrntion of the Station o.t Griffith and the 
Commonwe:alth Research Station at Merucin should 
be brought unde1· the ?11c dircctiou. J\~1:- F. JJeum~n, 
}If.Sc., has been appomtcd to tl1c p_os1t!o11 of Semor 
Officer-in-charge of the two In1gation Tiesearch 
Stations. 

9. GIFT AND DEQUT,ST FilO'M Sm FnEDEnTCJ< McMAsTEn, 
The late Sir Frederick Mc:Mnstcr, of "Dalkeith ", 

Cossilis, New South Wales, sl1ortl_y befo!'e his death in 
November 1954 p1·csentcd the sum of £52,000 to the 

' ' . b Organization for the construc~ion of a new wing to e 
nttac.'hed to the McMaster Anunnl Health Laboratory, 

8 

Svdney. . 
~Thi McMastcr family have now made a succession 

of gifts to science tJH'oug~ !he years, tl~e 111c:Mnst.er 
Laboratory itself berng ongrnally estnbhsl1cd a~ the 
result of a gift of £20,000 to the f?1•mcr Councrl for 
Scientific and Industrial Research 111 1930. 

The new wino- will be named the Ian :McMaster 
Winp; in honout of Sir Frederick'_s onl1 son! the late 
Captain Inn McMaster, who was killed m action at the 
battle of El .Alamein. . 

In fl<l<lition to this gift, under ~he .will of ll~c l ate 
Sir Fl'e<lerick Mdfaster, the Orga111zat.1on, as residuary 
lcgntoe, hns become the principnl beneficiary . of the 
estate. Sir Frederick had always taken a keen mtercst 
in current scientific research and its relation to the 
rural industries. I t was Sir Frederick's wish tbnt the 
money which he has _left to the Organiznt ion sl,1oul_d ~e 
used by the Executive to .further. the 1Orga11~zntion s 
efforts in rescnrch for Yetermnry science or agncnlture. 

Sir Frederick Mc:Master asked that the Organization 
ensure that a ·portion of his stntion property 
"Dalkcith" be used to demonstrate the agrienlturnl 
nnd pastoral principles of reserve stocking which he 
developed there. 

The Executive wishes to aclrnon,ledgc its indeMerl
ness to the :UcMaster family which has now mode such 
a generous succession of gifts to science through the 
years, 

10. Co~oPEilATI\l!l REsEAnon wrTn !NnusnY. 

Support for the Australian Leather Ilescnrch 
Association nnd the Bread Research Institute of A us
tralia hns been continued under financial arrangements 
whereby the Organization mokes n contribution to their 
rwm ing costs. . 

Following negotintions between the Exccutire, the 
Australian Wine Board, and the Department of Trade 
and Customs the Wine Research A ct 1055 was passed 
by the Con:monwealth Govcrn_mcnt t? permit the 
establishment of nn Australian Wmc Research 
Institute. This Institute will ha,•e its ow11 scientific 
facilities and will undertake research on behalf of the 
wine industry. I t will continue and intC'nsify the 
research at present cnnied out by tl1e Organization's 
Ocnological R esearch Section in Adelniclo which will 
eventually be transferred to the Institute. '~ho Aus
tralian Wine Research Institute thus tnkei: its pince 
11.s the third co-oporat.ive research ostnblishment 
organized on the research association principle, spon
sored by the Orgn.nization. 

During the current year negotiations have been 
effected for n number of new s-ponsored rescnrch pro
jects to be undertaken on n co-opcratiYe basis with 
ind11stry and other establishments. These projects 
include-

Investigation by the Division of Building Research 
on defects in tho deeol'ntion of :fibrous plnstcr, spon
sored by tbe Associnted Fibrous Plaster Manufacturers 

of Australia; study by the Division of Industrial 
Chcmistr,y of the extraction of uranium from _unfiltered 
ore pulps, sponsored b,v the Australian Atorrnc Energy 
Commission ; a project fo the Animal Genetics Section, 
sponsored by the N cw Sou ~)t W al~s. State _Cance_r 
Council, on the bree_di11g of mice sens1tn·e and mse11s1-
tive to oestrogens given subcutaneously; a cl_oud sccd
i11g programme by tl1c Division of Radiophysws under
taken ou behalf of the Snowy Mountains Hydro
Electric .Authority; a research project on tin. ~l~te 
fot· cannh1~ purposes being undertaken by the DivlSIOn 
of Food Preservation and Transport for the Common
,,ealth Can i\fakcrs' Association; a project on b1·own 
con l in the M inoragra ph ic Section sponsorccl by the 
State Electricity Commission of Victoria; a study of 
marine foulin"' in the Di,·ision of Fisheries sponsored 
b_y the Departmc.>nt of t.he Navy; a projec~ on Fa.rm 
lfecllanization sponsored by the Australian Dairy 
Produce Doard and the Rural Credit D~velopment 
Fund of the Commonwealth Dank of .Austritliu; an 
iuvcstiantion of cheese making in the Dairy Research 
Section., sponwred by the Australian Dairy Produce 
Board. . 

The above co-operntive resenrch projects are ad~i
tionnl to those noted in previous reports. A full hst 
of contrib11tions and donntions for r escnrcb received by 
the •Organization is listed in Chapter XXXV., Section 
2. 

Dnring tho yenr the Executive invited Profes~or 
R. S. Edwnrds to visit Australia to discuss the general 
urobl<'ms of the application of science and res<'arcb to 
industry. Professor Edwards is Prof~ssor ,of 
Economies (with spcrin 1 reference to industl"rnl 
ort?nnization) at the London School of_ Economics, 
nnd is n lending autboritv on co-ope1·at1ve rc,;earch. 
Ile gnve a number of public lectnres, visited firms and 
bnsinPss exec11tives throughout the Commonwealth, and 
con~ulted with offire1·s of the Ot·ganization. Ile also 
rear! tl1rrc papers on industrial research at a :'·rck-cnd 
resirlential conference at Hcale~ville, wh1rh was 
:i1-ran,crNl hv the Austrnlinn In.~titute of Mnnnc;eme11t. 
This ronfe;·ence aimed to explore the po~~ihilitics for 
the clcH•lopment of co-opera ti \'C indnstrin 1 rc~PII rrh 
M,~ocintions 11n<l sponsore<l re~carcl1, and to disrm•8 w11.vs 
wherehy existing resenrrh facilitiPs in A11strnlia cno 
be nscd to bette~ a1lrnnt11~e in assif'tin::r industry. 

For some time the Exec11tive has folt the nc-rd for 
strenS?tl1enin'? tl1e linison hetwC'en the Or:rani1.11tion 
nnd Anstralia'l'l rnni<lly J?rowing secondnr_v in<lnstriPs. 
It l1ns bePn deciderl. therefo1·e, to appoint an T nrln~trial 
Resrnrch J .inison Offieer who will }Pad R small Section 
ot Hcntl Office to foster liaison with industry. 

11. ·GIANT RADIOTl!:T,ESCOl'E. 

The Carn<>i?ie Corporation of N cw York has made 
a gift of 2fi0.000 dollars to tl1e Organization towards 
tl1e cost of building n giant rndiotelescope in Australia. 
Tl1is is n ~enerous tribnte to the contributions of the 
Division of Rac1iopl1ysics to thr new science of radio 
ast.ro11omy. Subscqncntly, tl10 Commcnwenlth Govern
ment has offered to meet half the l'Ost of the proposed 
radiotelescope provided tl10 remainder can be found 
from other source~. A Tiarlio Astronomy Research 
Tnist on which the Ri!!:l1t H onomable R. G. Casey, 
:Minister in char~e of C.S.I.R.O., has agreed to act as 
Chait-man, is being established to be responsible for 
enlistin,:t support for the project and for receiving and 
administering- the funds donntcd. A number of private 
<lonatio_ns have al1'0ady been recPived. 

12. A usniAr.IA' s WA TE1t R1isoun0Es. 

The availability of water supplies is perhaps the 
greatest natural limiti11g faetor in tho .Austrnlian 
environment. The Organi7.lltion 1lias for a number of 
yenrs been engaged on various research projects bear~ 
ing upon this •problem. Two significant developments 



in tl1is field of research wl1ich are described in this 
Report have both now reached n stage of large-scale 
prnrtical tests. . . . 

The researches being undertaken by _the ~w1s1on 
of Radiophysics in cloud ph:vsics nud. rarnmalong are 
reported in Cha·ptcr XXVIII., Sect10n 8. A; the 
result of detailed study siuee 1.947 011 tbe properties of 
single cl ouds, the emphasis of this work is _no~v devcl?p
ing to include field trials of methods of nrt1ficrnl se~dmg 
by which rainfall might be increased over a relatively 
wide area. 

In Chapter XVIII., Section 5 (_q), current develop
ment is rlcscribcd in the invest:i~11 tions being under
taken by the Division of Imlusfrinl Cbe~istry in tl:ie 
use of cetyl nlcol1ol to retard evaporat~on_ of water 
from dams nnd othrr oncn storngcs. Preliminary work 
on this tcPlrnicinc has been so 11romi~ing that n ~cries 
of field trials arc lwine; 1111dertakcn in sc,rernl States 
to !!auge t}ie potr>ntialities of the mctl1od on a .full-scale 
ba~is. 

Both these projc]('ts thr>reforc l10ld 011t promise of 
si~ificant 1•pturns in J'(>]n,tion to t.hc availability of 
water supplies on the AnstraHan continent. 

13. RmrnAncn STAFF. 

0 

Jn the la~t two Annnal Reports attention l111s been 
drawn to tl10 difficnltv tlie Organization lrns experic>nced 
in attrnctinn: first-cln~s men to l'C'~rarrh ('llrPr1·s in 
scirnre. and · the need for improvinA" the financial ·pros
pert!'l of resr>inrh srienti~ts. 

It is pknsing to lw ahle to renort tlrnt tl1is sit11ation 
ha~ now hr>en larP"Pl:V rel ievrrl hv tlie incrra.~H~ in 
rPS£>a1·rh snl:uies whirh· hnve followed. not only from 
the rrrent m11nri11nl inrrenses. bnt also from the Pnhlic 
Sen·irP A rhi trn tor'~ D etei-n1ina tinn No. !'il of HJ:i4 
proYirling fo1· the 11rlini:lmrnt of t.he salaries of officers 
in the reN•arrh cla~sifiration~. 

Dnrinir the year nnder 1·evirw, nlthon!!ll the net g-nin 
in 1·rrrnitmr11t nf resenrc!h staff wa~ onlv 2:-1. thrre "·ns 
n ronsidC'rable improYement in r ecrniting rluring- the 
1n~t months. Fmthrr imnro\·ement in tl1is r11te is 
n11tirip11trd n~ the impn<'t of tl1e snlnry increnses 
beromes effertive, and greater numbers of young people 
nro attracted to careers in science. 

14. OvEnSEAs VrsITORS. 

A nnmber of len<ling scientists from overseas visitc>d 
An~trnlia during the .vcar, many of them under the 
au.qpires of the Organization. In tl1oir visits to la bora
toriC's 1111d estn blishments thev gave much stimulation 
and he! p to A nstrn lia n rcsea·;·ci1. 

Dr. D. T. A. Townend, Dii-ector-General of the 
British Coal Utilizntion Resenrch Association, spent 
some montl1s in Australia to consult with the Executive, 
officers of the Coal Ilesearch Section, and others work
ing- on fuel research. 

Professor R. S . Edwa rds, Professor of Economics at 
t,he Universit,,y of London, spout t wo months with the 
Organization nch-ising t.lie Executive on the organiza
tion of industrial research (see Section 10 of this 
Chapter). 

Professor W. S . Phillips, Professor of Botany rmd 
Head of the Department of Botany and Range 
Ecology at. the lTni1·crsity of .Arizona, v isited Aus
tralia under n F111lwight gra11t to stndy pastme 
improvement a nd water conservation. He spent some 
time with officers of the Division of P lant. Industry 
at Brisbane, Anni<lale, and Deniliquin. • 

:Mr. G. V. Jacks, Director of the Commonwealth 
Bureau of Soil Science, spent five weeks in Australin 
studying ngricultura 1 rese11 reh. 

:Mr. A. W. M arsden, Director, Commonwealth 
Dureau of Dnir;v Science, visited Australia in the 
course of a tour of the Commonwealth count,ries to 
investigate cunent pra.ct,ices in dairy sci.enec. He spent 

seven weeks in Australia and visited the centres of 
dairy production in all States of the Commonwealth. 

Professor Samuel Brody and Dr. R E. Stewart, of 
the Colle"'e of Agricultme, University of :Missouri, 
United States of America, visited Australia at the 
invitation of the Division of Animal Health and Pro
duction to inspect and advise on the design and opera
tion of the climate control rooms being constrneted at 
the Sheen Biology Laboratory, Prospect, New South 
Wales. Their experience and advice have proved of 
great vn lue to our Rcientists working on both the 
biolo_!!iral and engi11ecring aspects of the Pros-pect 
investig-ations. 

Dr. James A. Ibers, of tl1e California Institute of 
Teclrnology, was awnrded a United States. N atio~~l 
Science Foundation Post-Doctoral Fe1lowsl11p to v1S1t 
the Division of Industrinl Chemistry for twelve 
months to work witl1 tlie E lectron DiffraC'tion Research 
Group in the Chemical Ph:vsics Section. 

Dr. J. W. Seinhorst, Head of the Nematology 
Depa1·tmcnt of the University of Wageningen, Holland, 
came to Australia for six months as a r esearrb Fello,v 
and has worked with the Commonwealth Research 
Station, Merbein. Dr. Seinhorst has surveyed the 
nematnde problem in A11stn1lia and has reported ?n t~e 
possible steps which migllt lle taken to cope with it. 

Dr. A. E. Pierce, P1·incinal Scientific Officer of t~e 
United Kingdom A_!!ricultnral RrMni·ch Council, 
recently accepted an Inn M cMaster R esearch Fellow
ship to undertnke resP.n.rch in protozoolop;:v for twrlve 
months at tl1e Mc:Master Laboratory of tl1e Division 
of Anim al HPnlth and Proclnrtion. He is at present 
surveying problems of ·protozoo1ogy which arise in 
Au;;trnlia. 

:Mr. L. P . Smitl1, Head of the Agricultnral Mrteoro
loe-ica l Brnnch of the British Mrteorologicul Office, 
vi,:ited Australia as pnrt of a world tour to study the 
apnlication of meteorology to agricult.me. In Aus
tralia he was particularly interc~tP.d in the practice 
of wnt.er con~ervation anrl irrigation. 

Profes;;or Rogoff, of the South Dakota State College, 
TTnitrd States of Americfl. visited A11strnlia under the 
Fulbright Scheme to undertake r esearch with the 
Division of Entomoln.'2':r on the factors whirh rnn~e 
tl1e Anstralinn sheep blowfly to be attracted to and to 
ovi posit on sheep. 

PrnfPs~or Jnmes Tliorpc, University of Inrli11na, 
United States of Amr:>1·irn, visited Australia for a period 
of sh montl1S as n Fulbrigl1t sc11olar. He is an Pminent 
pedoloe:ist and spent most of his time with the Division 
of Soils. 

Professor Perry St.out, Clrni.rman of tl1e Departmrnt 
of Plant Nutrition, University of California, is Yisiting 
Australia under a Fulbright Awnrd. He will spend a 
year with the Division of Biocl1emistry and Gr nera1 
Nutrition in Aclelnide 1rnd will collaborate with officers 
of the Division in studies of micronutrient element 
deficiencies of plan ts. 

Dr. van dcr Plank, Cl1ief of the Division of Plant 
Patl1ology, Pretoria, South Africa, visited t.he Division 
of Pinnt Industr_y for discussions with plant patholo
gist,: as part of a tour of inspection of the Australian 
potato industry, 

Dr. J. 0 . Smith, Lecturer in i01·ganic Chemistry at 
tl1c Dyson P errins Laboratory, University of Oxford, 
is mnking n three~ months' visit to the Organization 
as a guest ,vorker at the Division of Industrial 
Chemistry in Melbourne. Dr. Smith was awarded a 
bmsary undel' the recently iuaugurated Royal Society 
and Nnffield Foundation Oommo11wealth Bursaries 
Scheme, which enabled him to make this v isit. 

Iu addition, a numlJer of disti nguished scientists from 
Asia attending the Pan-Indian Ocenn Science Congress 
in Perth, visited the Organization's laboratories i1~ tho 
eastern Stutes. Short visits were paid by Professor 
H. J. Bhabha, F.R.S., Director, Tata Institute of 



Fundnmental Research, Bombay; Dr. J. N . Mukerjee, 
formerly Director, Indian Ag_ricultural R~searnh 
Institute, New Delhi; Dr. Baslur Ahmad,_ Duector, 
Lahore Regional Laboratory, C.S.I.R., Pakistan; and 
Dr. Panikkar, Director, J<~isher ies Research, D.S.LR, 
India. 

15. Bun,mNos ANU Acco:1,n.rnoATION. 

During the yenr the following buildings were (:om-
pleted :- . . . 

Sheev Biology, Prospec/,.-Cottage No, 2, A.n~em
ties Block, nud Ralibit House for Ammal 
·Genetics Section. 

Wool Te,;lile, Ry;de.-Extension No. 2 Workshop/ 
store. 

Dain; Research, H-ighelt.-Main Laboratory and 
Pl~mt and Services building. 

Wool Textile, Pa,rkvilte.-West Wing building. 
Meteorological Physics, Aspendale.-Garage/store. 
Re,qional Lriborafory, Deniliquin.-Fonr cott~ges 

in Township and Dining-room at Falkmer 
:Memorial Field .Station. 

Regional LaboralorJJ, Uni~1ersity of Western Aus
trol-ia · Central Blocl.:, Oa111Je-rra . 

' "H h A 62-a(•re property at Camden known as ar en 
Vale" on which is a large partially completed house, 
also w'as acquired (see Section 16 of t.his Chapter). 

The following projects are in course of construc
tion:-

Sheep Biolog7;, Prospect.-Climate controlled 
building. 

Wool Textile, Ryde.-Main building. 
Zoology School, University of Sydne71.-Extension 

for Animal Genetics Sectiou. 
P-isheries, C1·011,1tllri,. - Small Radiochemistry 

Annexe. 
Radio Researdi Board, Camdcn.-Completion of 

building. 
F'ield Stnfion, "Ohiswicl~ ".-Bachelors' Quarters 

(to replace quarters destroyed by fire). 
/!,'nfornology, A.O.T.-Air-conditioned Insectary. 
" Glen Loss1·e " Field Station. 
lnd11strial Chemistry, Fishermen's Bend.-Work

shop. 
Food Preservation, "Stowell", H obart.-Annexe. 

16. RAnro RESEARCH DoARD, FIELD STATION. 

A new property, "Harben Vale", has recently been 
acquired at Camden, New .South Wales, for the estab
lishment of a :field station for the Radio Research 
Board. 

The Board will use the new property to carry out 
research on radio transmission and studies of the upper 
atmosphere. "Harben Vale" is removed from built-up 
areas and is sufficiently free of electromagnetic inter
ference to serve adequately for the Tioard's investiga
tions. 

The new property includes n large unfinished house 
which is being modified to create laboratories, offices, 
workshops, and living quarters, for staff permanently 
stationed in the area. 

17. Cou,ADORATION WITH UNIVE:nSITIE8. 

The Organization's wor~ in the . universities ~s 
re.11ortcd in various ,p]oces 1n the mam body of this 
report. However, during the year :seve1:a~ important 
arrangements were mode with nmvers1t1es for the 
integration of research projects. 

At the University of Western Australia negotiations 
have been completed for certain aspects of t,he work 
of the Timber Mechanics Section of the Division of 
Forest Products to be undertaken in the Engineeri11g 
School under the direction of Professor Cooper. Until 
1954 Professor Cooper was Officer-in-cllarge of the 
Timber Mechanics Section at the Division's Ln'borntorv 
in Melbourne. Tbr Division has transferred some of 
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i i.s staff to the University of Western Australia and 
bas commenced work on a project to investigate ~he 

· influence of various defects on the strength of scantlmg 
timber. 

Tho Division is interested in developing research on 
timber in the Australian universities so that engineer
in.,. students may become famiuar with timber 11~ a 
sti':'uc:tural material and realize the important applica
tion it has in engineering construction. 

The Council of the University of Melbourne has 
accepted the I~xeeu tive's offer _to transfer to the. _univer
sity on iJtdefini te loan the lugh-sp_ced electr?1~1~ com
putel' developed and constructe1 m the D1v1s1on of 
Radiophysics. The computer will h~ a ttached to t_he 
U niversity's Departmen,t of Applied Mathematics 
unrler the supervis ion of P rofessor 1:'· :M:. Che~·ry. The 
Organ ization is meeting the cost m volved. m tra.ns
porting the computer to 1\ie!liourne, and _is makmg 
an1ilablc research and techmcal staff to mstall the 
instrument at the University. TJie l~xecutive has 
agl'eed to moke a grant of £3,000 per annum to _tbe 
University towards the maintenance of a mathemati_cal 
c·omputin"' centre in rctnrn for which some portion 
of the w~rking time of the computer will be de,·oted 
to the solution of C.S.LR.O. mathematical problems. 

The Orga11izat io11 and the University at New 
England have agreed that pastoral resenrch by bhe 
Regional Pastoral Labora tory at Armidale and bj_" the 
Uni~·ersity's newly established faculty of Rural Science 
shall be closely fo1ked so that the resources of both can 
be related and used to the best advantage. A small 
Research Committee comprising members of the 
University and mem b'ers of the Orp:auiza tion, has been 
established to effect close C'o-operation. T,he resources 
of the Field Station at "Chiswick ", including addi
tional ln lioratory facilities which are to be 1~rovi~ed 
t.liere, will be available to workers from the Umvers1ty. 
S imilarly, tlie 1·csom·ces and l11horatories of the Faculty 
of Rural Science will lie available to the Organization's 
1,tnff wl10 are eng11,:red on field experiments or laboratory 
rrscarrhes, under the general direction of the R esearch 
Oommittee. 

The !Organiza tion recognizes the great importance 
of collaboration with the universities and lrns always 
endeavoured to maintain and extend these arrange
ments for co-operative research wherever possible. It 
is real ized that nrrangements of this nature stimulate 
scientific research, and the Organization gratefully 
acknowledges its debt to the universities. • 

The Or,.,anization desires to acknowledge the ass1st-
11nce of th~ Universit_y of Adelaide in providing accom
modation for the Olay Mineralogy Section of the 
Division of Soils in the Geology Department of the 
University. This will be a temporary arrangement for 
three years until a new building is availalile for the 
Divisi~n of Soils. The Organization is providing 
funds to make structural alterations and provide the 
uecessary services for installation of X-ray and other 
equipment in the University building. 

rhe Organization has agreed to make a grant for 
five years to the University of Adelaide towards the 
establishment of an Animal Ecology Uni.t within the 
D<:!partment of Zoology. In addition a special grant of 
£1.500 bas been made towards the cost of the necessary 
erinipment and teacl1ing facilities. 

18. Scrn!'\'c,; AND INDUSTRY ENDOWMENT FUND, 

During the year, the Executive, as Trustees of the 
Science and Indnst1·y Endowment Fund, approved of 
g-rnnts to assist research workers, ns follows:-

Mr. Tarlton Rayment, for taxo11omic work on bees; 
Mi~s M. McKav, for work on the effect of seaweeds 
on cstt1al'i11c e1{v.iro11ment: Dr. I. Cookson, to enable 
hrr to Pl'nlou~ her stav in P1tris wl1ere i::he was stnd:ving 
pla11ktonic mirrofos8ils: Dr. D. J. Prnrson, for work on 
the . rompamtive imntomy and embryoloi:cv of mar
snp1als ; Mrs. P. Mather, for wot'k on a~cirlians; Mr. 



N. V. Dobrotworsky, tor wont: on the syst::-:·:atics r.nd 
ecology of Victorian mosquitoes; Mr. A. V{. Parroit, 
for taxonomic work on parasitic wasps; M r. I . 0 . 
Oa:·naby, for ornitl1ological research; Mr. ~
Womersley, for acarological studies; and :Miss D. F. 
Sandars, to enable her to continue her helrninthologico.l 
stndies in Eugland aud Europe. 

A grant of £100 was made to the Bird OLsc1·vers' 
Cl ub to cover the cost of •pul>lication of tl1e HJ54 
Bil'd Count Lists and to prepare for the 1955 Count. 
In addit ion, a stuclentship for overseas training was 
awarded to Mr. I. G. \Vhite who will study hio
chemistrv of mamn111l in11 semen at t;he };folteno 
Ilistitnt~: 

19, .NfISCELLANEOUS GRANTS, 

As agents for the Commonwealth Government, the 
Organization continued to supervise grants to the 
following :-

The Commonwenlth Agricultural Bureaux; the 
Standa !·els Association of Australia; the Chair of 
Aeronautics, Sydney U11i vcl'si ty ; the Australian and 
Xew ZPaland 1lssociation fol' the Advancement of 
8Pience; tl1e Pnn-lndian Oc:ran Science Congress. 

20. OvEMEAS Vrsns, FEu.owsJUJ'S, AND STUDENTSJJIPR. 
During tl1e year the Chairman, Sil' Ia.n Clunies 

Ross, commencer! nn overseas visit to t,he U nitcd 
Ki112:dom to attell(l the Commonwealth Agricultmal 
Bureau Review Conference in London. He travelled 
to England via Canada, where he consulted wlth officers 
of the National R esearch Council and other establish
ments. He also visited R ome to consul t with officials 
of the Food and· Agricultural Organization and will 
~pend a few dn.vs in Egypt studying recent develop
ments in agriculture. 

The Chief Executive Officer, Dr. F. W. G. White, 
11nrle1·to0k an assignment as Adviser on Scient,ific 
R eseal'ch under the U.N.E.s.c.,o. T echnicnl Assist
ance Proirrnmme for Eg,ypt. He spent a period of fi ve 
weeks in Ep:ypt studying the development a nd a·pp]ica• 
tion of science in that country, and advised the 
Egyptian Government on the future policy for its 
National R esearch Council. 

As in previous years, a number of officers of the 
Organization were sent overseas for periods ranging 
from two to twelve months to acquire experience and 
training in new techniques nnd to collect general 
information on developments in scientific research. 

Seven officers were sent overseas primarily to nttend 
important internationn·l conferences, and in addition 
six senior offi.cers were invited to visit overseas institu
tions for consultations concerning special aspects of 
their work. 

Seven overseas students were given awards for train
ing in fields of science which will fit them for research 
positions upon completion of their training, Four 
traineeships and one divisional studentship were also 
awarded. One studentship was awarded from the 
Science and Industry Endowment Fund. At the close 
of the yBar 21 overseas studentships and traineeships 
were current. 

Seventeen studentships were awarded earlier in 1955 
for µost-gmdunte resenrch in Australian universities, 
raising the total of those receiving training under this 
scheme to 28. 

An arrangement has been concluded with the Depart
ment of Scientific and Industrial Research and tl1e 
Agricultural Resenrch Council in the United Kingdom 
whereby a number of the \Organization's Anstraliau 
studen tships will become available for npplicant8 in 
Great Britain. This makes it possible for a number 
of students from the United Kingdom to come to Aus
tralin to unrlertnke µost-gradunte work, and it is hoped 
that this will rnunterbalnnce to some extent the rcµ:nlar 
flow of A 11stralian grad1rntes to post-graduate work in 
United Kingdom universities. 
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The first appointee under this scheme 1s :Mr. H. 
Rishbeth from Camhl'idgc University, who has recently 
commenced work at the Division of Radiophysics. 

Since the commencement of the Colombo •plan in 
Hlf>O, 39 students have t rained with the Organization 
for periods of study extending up to two years, and 
rnnn,y others bnve visited the Divisions and Sections 
for shorter periods. Each year an increasing number 
of requests are being r eceived for the Organization to 
provide t1·aini11g under the plan. 

21. FrNANCE. 

Chapter XXXV. gives details of the expenditure of 
£5,449,643 incurred during 1054-55 by the Organiza
tion from all funds at its disposal. The major portion 
of this sum was derived from the Commonwealth 
Treasury-£3,98D,318 was expended in connexion with 
normal research activities, £109,625 on grants to bodies 
such as the Commonwealtl1 .t\.gricul tmal Bureaux, and 
£9,335 on capital works under the control of the 
Organization. The remainder was expended on 
investigations financed from contributions, viz., 
£713,221 from t,he Wool Research Trust Acconn.t, 
£356,951 from the wool Industry Fund, £ 8(.).543 from 
miscellaneous receipts, and £181,650 from grants 
including special rernnue. Certain other expenditure 
was incnn·ed by the Commonwealth Department of 
Wol'ks 011 building ·projects for the Organization from 
fonds controlled by that Department. Likewise the 
Department of the I nterior met the costs of rentals 
and acquisition of sites and buildi11gs for the !Organiza
tion from funds made available to that Department 
by the Treasury. 

The 0Tganization is particularly gratified by the 
wn:v in which various bodies continue to suppor t it, and 
by the marked interest evinced by certain sections of 
industry which have provided donations for co-operative 
rcseareh. L\mong tl1e many contributions received, 
J"eferencc may be made to those of the Commonwealth 
Bank of Australia ( throuirh the Rural Credits Develop
ment Fund), Austrnlian Wool Board, Australian Meat 
Board, Australinn Dairy Produce Board, Australian 
Wine Board, A.ustra lian Egg Board, the Queensland 
:M:eat Industry Board, tl1e New South Wales Depart
ment of Agriculture, the N cw South Wales Water Con• 
ser vation and Irrigation Commission, the Metropolitan 
Meat Industry Board of New S outh Wales, the George 
Aitken Pastoral Research Trust, Burdek.in Bequest, 
the Alexander Fraser Memorial Fund, the Dried Fruits 
Control Board, the Australian Dried Fruits Associa
tion, the dried fruits industry, the National Gas 
Association, Australasian Institute of Mining and 
Metallurgy, State E lectricity Commission of Victoria 
Australian Cement Manufacturers' Association th: 
wool textile _industry, the timber industry, and th~ pulp 
and pruper m dustry, 

22. ORGANIZATION. 

F or the purpose of carry ing out its research work 
the Organization has established a number of Division~ 
and Sections. The D,ivisions, of which there are now 
seventeen, compr ise the major establishments, which 
may be further su bdividcd into Sections; there are also 
nineteen _independent Sections comprising establish
ments which have 11ot r eached_ a st.age of development, 
so far as !;be sco-p_e a1;1d ma~111tu~e of _their operations 
are concerned, to JUst1fy then· designation as Di,,isions. 

In the p1·esent report nn attempt has been made to 
grnup the materia l_ according to its snbject matter 
rntl1er than accordmg to the Di,,isions or Sections 
coneernecl. Additiona~ clrnpters and appropriate cross
references have b~en rnser~e?,. however, to permit the 
work of any particular D1v1s1on to be reviewed as 8 ,vhole. 



As the Organization's investigations extend on a 
Commonwealth-wide basis and as many of the investi
gations which are being conducted-particularly those 
concerned with problems affecting the agricultural and 
;pastoral industries-necessitate experimental work in 
the field, a number of branch laboratories and field 
stations have been established in various parts of l'i.us
tralia. 

The Hend Office of the Organization is in Melbourne 
and associated wHh it arc the Organization's Central 
Library, Agricultnntl RP.~rarcl1 Liaison Section, Cine 
Unit, and Editorial, P11hlirations, aml Translation 
,l!Toups. Tl1e Orga11izati011 also maintains .Australian 
Scientific Liaison offiC'es in London and Washington. 

The Divisions whicl1 lrnve heen established (in order 
of t.h,,i1· formation) are as follows:-

Plr111 t Jnd11slry, with head-qnarters at Canberra 
and ma in la lJol'atories at Canberra and Brisbane, 
reg;ional laboratories at P erth, Hobart, and 
Deniliquin, New South Wales, and field sta
tions and experiment farms at Canberra, Aus
tralian Capital Tenitory, Lawes and Apple
thorpr. Queensland, Trangie, New South Wales, 
and Kojonup, Western .Australia. 

E11f.ornology, with head-quarters and main labora
tories at Oanbena, a smaller laboratory in 
SyclnP..V, and field stations at T r:mirie, New 
8ni1th Wales, Rockhampton, Queensland, and 
Perfo. 

A11imol Ff P.nlfh a11d Prorfortion. with hrad-riuarters 
in Mt>lbn11rne ancl main lahnratnl'ies in Mel
bourne. Sydney, Pro.~nect, New South Wale>s, 
a,,,J :r,,;,1,,,,,I': nn,l fo•lcl i:t.atio11s at Armidale 
and Barltrnry's Oref\k, Nc>w South W ~ ln~ : 
Cunnamulla, Amberley, Belmont, and Roek
}111mntnn, Queensland; and Werribee and 
Tnoradin, Victoria. 

Bior.l11>misfry (111 rl r,.i'.1lf'ral N 1tfrifin11,, witl1 hen.d
onri dns at Arlrl:iide and field stations at 
O'TT a Horan Hill, Robe, and Brecon, South Aus
tralia. 

SoilR, with ht>Arl-<1nn1·tr1·s and lal1oratories at 
ArlrlaidP., a1Hl branrh lf1 hnrn tories at Perth, Can
berra, Brisbane, :iml Hobart. 

Forest Prorl1tcls. Melbourne. 
Food Preservo,tion and Trnnspnrt, with head

q11nrters and main la bo1·atories at Syrluey, 
brnnch l0bnrntorics in Bri.~hane and Hobart, 
anrl minor laboratories nt G-osford, New South 
Wales. 

Fisheries, with lJPacl-nnarters nnd main lahorn
t01·irs at Cronulla, NPw South WnlC's, labora~ 
tori"~ in Pertl1 1J11<l Melbour1rn, and field stations 
at Hobart m1d Tlrnrs<lnv T~lanrl . 

MetrolonJ(. Ph11sirs. a11rl, T<:leclrn~er.h11olnm1. com
prisimr tnirether tl1e National Standards Laborn.
tnry, Sydney. 

HnrlinrJhJ1sics. Syd11ey. 
lnd11.~trial Chemistry, witl1 head-quarters nnd 

rnnin Jnboratories in Mel11n11rne alln branch 
l:ibo1·:itorios in Sychiey, Adelaide, an<l Pet·th. 

Trihophysirs, Mell1omne. 
B11ildi11q Re.~enrch. Melbonrne. 
Mnthemnf·ir.nl Stolisfics, A,l"laide. 
J.fe/P.nrolooicnl. Ph11sfr .. ~. :Melbourne. 

TJ1e following a 1·c tl1e Sections:-
frrigation Researrh Stations, at Merebin, Vic

toria (:M:mra:v Irrigation Arens), aud Griffith, 
N ew Sou th W a Jes (Murrumbidgee Irrigation 
Arens) . 

Plant Fibre, Mell1ourne. 
Ore-clressin.n ln11estigalions, 1,felbourne and Kal-

goorlie, Western Australia. 
1,f inerafJ;apliir: lm•esf.igo fions, Melbourne. 
01molo_mr:al Rr'.~carrh. Adelaide. 
Dn,i1·v Bf'search, Melho11rne. 
Tracer Rle-inenls Invnsti,r;ntions, Melhonrne. 
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Ooal Research, Sydney. 
Physical .ill etallurgy, Melbourne. 
Wildlife Survey, with bead-quarters in Canberra 

and field stations at Perth, Albury, New South 
Wales, and A.berdoss, near Marble Bar, Western 
.A ustro.lia. 

Matlremaf.icul Instruments, Sydney. 
Wool T e:i;lile Resecirch Labora/.ories, with head

qnarters in Melbourne and additional units in 
.Sydney and Geelong, Victoria. 

Land Research and Regional Survey, with head
quarters in Canberra and field stations at Alice 
Sn rings, N ortl1ern Territory, Katherine, 
Nortbem Territory, and in the Kimberley 
reg-ion, Western Australin. 

Agric11lt11ral Research Liai-son Service, Melbourne. 
Animnl Genetics, Sy<l11r.v. 
Central Experime'1'1,/-c1l Worl.:sliops, Melbourne. 

In addition, Re~ional Centres ( co-operative research 
units st,affecl with officers from the appropriate 
specialist Divi~ions to attack the problems of a 
particular region) have been establ ishro as fo1lows :-

Tasmanian R eqional Laborafor11. Hobart. 
Western Aust·;al1:an Re,r;ionnl Laboratory, Perth. 

II. SOILS. 
1. GENERAL. 

Scientific a·ppreciation of .Australian soils is basic 
to any proper land use. The efficient exploitation of 
existing land resources, improvements in farming 
method, more intensive cultrivation, techniques for 
pasture improvement, and measures for soil conserva
tion, all require a fundamental knowlPdge of the soil. 

Tlie ,orl!anization's work in this :field is undertaken 
b:v the Division of Soils witl1 head-quA.rters at the 
Waite Agricultural Research Institute of the Univer
sity of Adelaide. H owever, some work on soils and 
their behaviour under irrigation is uudertaken at the 
Commonwraltl1 Research Station (Murray IrriA'ation 
Areas), }If erbein, Victorin, and n t the I rrjgation 
Rcsr:uch Station (Mnnurnbiclgee Irrigation Areas), 
Griffith, New South Wales (see Chapter TV., Sections 
2 and 3). The Central Ex,psrimentnl Workshops in 
Melbourne l11tYe developed n powered earth n11ger, aud 
this work is reported in Sertion 9 of this Chapter. 

Dfrision of Soils.-The Division is the central and 
main body engaged in soil research in Australia, e.nd 
does research into the classification, ·properties, nnd 
problems of Australian soils both of an applied and of 
a fundamental nature. The primary objectives of this 
research are--

( i) TI1c s:vstematic mapping of the soils of Aus
tralia in broad categories as an evaluation 
o_f national soil r~sourres and. as a compara
tive survey : elatmg pedolng1rally the soil 
groups of tlus and other countries. 

(ii) The classification and mapping in varying 
degrees of detail of the soils of specific areas 
in regions marked for future or more 
intensive settlement or in which problems 
of proclnction have arisen; this is n service 
of immediate value t.o the farmer and to 
State advisory and administrative bodies. 

(iii) .App~ied r~s.earch into prohl~ms courerning 
soil fertility or other chemical or physical 
fa~tors affecting productivity. 

(iv) Applied research into en~ineering properties 
of soils nnd soil mechanics. · 

(v) Fundam~ntal l'es~arch . on the pedolo11:y, 
c? ennstry, physics, mmoralogy, and micro
!nology of Australian soils. This is becom
m~ nn forreasingly important activity on 
wh1cl1 depends prop;1·es,q of a pp lied research 
in tlie Di vision and also of investigatious of 
other Divisions of the Org-anization and of 
outside agricultural nuth~rities. 



The newer <l(lvelopments in pedology, roinernlogy, 
nnd microbiology mentioned in the lo.st ~nnunl_ report 
have been pushed forward. .Minernlog~ 1s ?f mcreas
ino- importnnce in soil studies, emphasis bemg placed 
not only on X-ray and related investi~ations il1 clay 
mineralogy but also on the -~etr?grnpl11~ stu<l.f of the 
11on-clay fraction . A new Section deahng w_ith clak 
mineralogy has been set up a nd soil m~cl1nn!cs wor 
has been separated as an iud?p<m<lent Section with_ hea~
quarters in Melbourne until 01:her nccommod~t1on lS 

available (see Section 8 of this Chapt~r) . The co
opel'ation of the Universities o~ Adela1_dc and Mel
bourne, in making accommodation arnilnble to the 

A stu<ly of the- soils of the Western Australian wl1eat 
belt has been commenced towards tbe end of the year 
with a detailed soil survey of some 5,000 ac:·c.s east of 
York. The arco. is sharply dissected, latent1c break
aways being a prominent feature of the lo.ndscape. 

(b) South Auslrali~.-The soil sun·cy of the ~arossa 
Disll'ict hns bc('n coJltmued from last year ~md 1s ~~w 
complete with the exception of some pedolog1c!ll stuc1es 
wliich will be concluded during the latter pal't of 1!.l55. 
Field work at a moderate le,·el of detail has been com
pleted in the two remaining: ~nits, the 1\.11gast?o.
Springton and the Lyn<loch-W 11110.mstown areas. 1 ho 
former unit coYers an area of about 5j,OO0 n!1d tbe 
latter an area of about 15,000 acres. Rcconna1ssn11ce 
mnpping has been completed also over all area of about 
16 square miles in tbc :Mt. Kitchener-Pew_sey Vale a~ea. 

Division, is gratefully acknowledge~. . 
During the year five research sta-ff have been o_veiseas 

for varying periods aud two away o~ studcntslnps. A 
senior officer was sent o.s an Australian <lc~egate to ~he 
Internationo.l Soils Congress at Leop~ldville, Belg_1an 
Congo. He was honomed by clect1_?n as n vice
president of the . Co11g1·~ss a,:id as ohau-man of Com
mission V. on soil class1ficat1011 and pedology. 

The Division w o.s fortunate in having the ~lose 
as~ociation with Professor James Thorp_ of Indiana, 
United States of America, on n Fulbright research 
grant. Co-operation with :F.A.O. and the Colombo 
plan hns been mailitaincd during the year. 

2. SOIL SURVEY ;\ND PEDOLOGY, 

(Division of Soils.) 
D uring the •past year the :field programme of this 

Section l1ns embraced soil surveys in areas where land 
settlement is in progress, where fertility problems exist, 
whe1·e irrigation is projected, and wh_ere there . are 
various problems associated with established horticul
ture. However, an increo.sing emphasis has been 
placed on pcdological studies and on an_ a ttempt t? 
place the survey programme on a systematic geographi
cal basis. Both these activities will absor b an increas
ing proportion of the activities of this Section in the 
future. 

Activities have taken place iu all States and detailed 
slll·veys have covereu 200,000 acres and reconnaissance 
surveys some 12,000 square miles. Furth~r :vork has 
been done in Queensland towards the comp1lat1on of an 
atlas of Australian soils. 

(a) Western, At1sli-alia.-:Vo;1-·k on the coastal plain 
during the yenr has been prmc1pnlly concerned with. a 
detailed soil survey in the Piujarra-W a1·oona area m 
connexion with the proposed extension of inigation in 
that district. The total area involved is 180,000 acres, 
of which 77,000 acres hnYe now been surveyed. The 
soil pattern corres·pouds with tbat generally found on 
the coastal plain, in the form of a belt of flat alluvial 
soils extending westwards from the Darling Scarp, and 
separated from the sea by ao area of sand dunes and 
swamps. The alluvial soils arc those under considera
tion for irrigation, and for the most part consist of 
sandy surface soils m·erlying clay subsoils. 

During the ·post-war years a number of soil surveys, 
both detailed and broad-scale, have Leen. carried out in 
the Great Southern district, largely in connexion with 
War Service Land Settlement projects. A beginning 
has now been made in the preparation of some of this 
material for publication, attention being first directed 
to the 000 squar e miles covered by Lands D epartment 
sheet 444/80. The area includes the towns of Mount 
Barker and Cranbrook, and the ,var Service Ln.ud 
Settlement projects at Ilocky Gully, Perillup, and 
Kybelup. Pre:viously the whole area hnd been sm·veyed 
at the soil association level, supported by dot.ailed soil 
surveys in some of the Land Settlement areas. The 
summer months of this year I1ave been devoted to the 
revision and correlatiou of the work already done, a 
detailed survey of a further 5,500 acres in the north
west of the area, nnd the collection of land-use data. 

A soil survey of about 23 ncr e~ m Broadview 
Ga1·dens o. suburb of Adelaide, has been madn to pro
vide ba;ic soils data for investigations into the b::i.d 
cracking of houses which has occurred after a.bout 
five years' occupation. . 

Field work has recently begun on a new s01~ survey 
p1·oject in the o.reas around Lakes Ale~:rnd~1na and 
Albert neo.r the mouth of the :Murray Il1ver lll Sou~h 
Australia. The total area likely to he involved 1s 
between 1 000 and 1 500 square miles, of which about 

' ' . d t 100 square miles have been examine at presen • . 
Field and lubomtory work on seasonnl changes 1n 

soil salinity in the Tintinarn disti·ict is complet~ a~d a 
detailed report has been prepared for pubh'.'at1on. 
1Othcr investigations have invoh-cd. the. samphng . of 
around-waters and carbonate matenals 111 soils, with 
the object of studying the influence of hydrological 
conditions on soil salinity and deposition of carbonates 
in soils. 

Tl.Jc soil survey and pedological study of the S?ils at 
Yud11apinna station which was commenced m an 
exploratory way l'.1-st :y:ear h~Ye now bec1~ undei·take?, 
as a full-scale ,proJect lllvolvmg both detailed and soil 
association survevs. Observations on run-off and 
infiltration on cu.t~hment areas of earth tanks have also 
begun. 

(c) l'icloria.-A joint report 011 soils of the Shire of 
K owrce western Victoria, has been completed by 
officers 'of the Division and of the Soil Conserrntion 
1:\uthority of Victorin. Further informntion on soil 
fertili ty is being sought in experiments by the Soil 
Chemistry Section. Samples of typical soils have been 
collected for microscopic exnmiuation. 

(d) 'Tasmania.-The only units added to the 
regional survey this year have been (i) parts of the 
Ellendale nnd Cuse rectangles, and (ii ) a narrow strip 
along the west coast, in the Balfour and Bluff Point 
rectangles. The former unit will serve also as a 
preliminary r econnaissance to guide more intensive 
su1·veys proposed for the Ellendale and Cuse rectangles 
next yca1·. 

The soil map of Flinders Island has been drafted and 
compilation of the report is proceeding. 

Field work in the pa.~t season in the Burnie-Table 
Cape area has been confined to the detailed sur,ey of a 
stl'ip 1 mile wide, r1mning inland for a distance of 
13 miles from Wynyar<l on the coast. The dissectrd 
basalt plateau rises gradually from near sea Je,•el on 
the coast, to 2,000 feet behind the surveyed area. Rain
fall inc1·eases and temperature decreases with increas
ing elevation, and the soil units tend to run in belts 
parallel to the coast. 'l'be detailed survey thus acts o.s a 
cross-section, on the basis of which may be defined the 
soil associations to be used as units for the broader
scale mapping of the district. Of the basaltic soils 
so fnr examined in the detailed survey nearly nll are 
krasnozems and the differences between the soil series 
a re slight and difficult to 1·ccoguizc. A complicating 
factor in the soil pattern is the prevalence of land 
slides or slumps, which have been o major factor in. 
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the erosion of the landscape. Nevertheless the area 
offers good opportunities of 'the study of pedogenesis in 
krasnozems. On the land-use side, most of the area of 
basaltic soils is capable of considerable improvement. 
The belt nearer the coast is closely settled with a fairly 
stable agriculture, but on the higher country inland, 
because of enrl.v agricultural failures and beransc pine 
forests g row ,Yell there the relative economy of ngricnl
turu and silviculture is an important question. On 
more developed propert ies in the higher country, 
pasture top-dressing with molybdenum is becoming 
general and is largely rtYplacing the former use of lime 
which is now thought to lrnve brcm effective mainly in 
increasing- the availability of molybdenum. Recent 
investigations of tl1e Department of Agriculture are 
indicating tha t cobnlt deficiency is possible on the 
krasnozems th ro11gho11t the area sur\'eyed. 

The unsatisfactory position with regard to base maps 
bas eased sumewl1at, •pa1·tly becanse of efforts made by 
officers during t.hc past year in compiling a photogram
metric lrnsr map for the Burnie-Table Cape survey, 
and partly lwcanse of the iucreasing prodnrtion of "lll'h 
mn•ns by other departments. These include a 1uap 
produced at the Divisio11's request by National Map
pinP.' Sec:tio11, Department of the Interior, for the soil 
survey of Flinders I sland. Adequate la~e n::.1.1,s 110w 
exist fol' each of the projects mentioned above, with tl1e 
exception of the r egional s111Tey. However, it may still 
be necessary for the Division itself to compile base 
maps for 8ome ureas which other departments cannot 
handle at present. 

A beginning Jrns been made with the examination 
of the potassium status of Tasmanian soils, initially at 
F1·odsley Estate, Fingal. Widespread deficiencies of 
·potassium u1 soils and pastures are becoming recognized 
iJ1 Tasmania , mid it is hoped that basic studies of 
i1otassiuU1 status of Tasmaninn soils can be expanded. 

( e) South-east J-fo!]ion.-Fiel<l work has been based 
on Deniliquin, Griffith, and Cunberra. The Billabidgee 
area near Griflith, which has been proposed for irriga
t,ion development, has been partly surveyed by the joint 
effort of staff from C.S.LRO., the New South Wales 
Irrigation Commission, and the Department of Agricul-
1,ure. J.\ n area of 350,000 acres out of the total of 
about "700,000 acres bas been covered by n stage 2 
survey. 

.ln investigation in the Griffith-Y enda district in 
the Murrumbidgee Irrigation Area involving about 
20,000 acres has been begun. 

The Denimcin district, near Deniliquin, of 130,000 
acres, has been surveyed. This area is already irrigated 
and the soils are mostly "difficult" for inigation. A 
soil map and <lisr·1.1ssion of the problem is being pre
pared. 

A study was made of t he soils and landsca:pes near 
Canberra, initially as a study of the four lower river 
terraces iuvolving an area of about 5,000 ncres. 
Further study of trenches opened up by civil engineer
ing authorities, and of deep bores, is contributing to n 
very useful appreciation of the local proce8ses of lancl
sca,pe development, and the relation of soils to these 
landscapes. 

(f) Q1wen.sland Regio·n.-'l'he Dal'ling Downs sur
ve,y has been continued with soil studies and association 
mapping- covering most of the Kunawa I-mile Military 
Sheet of approximately 500 square miles during the 
year. This work completes tl1e ma:pping part of this 
project and Soil and Land Use Reports covering the 
Toowoomba and Kurrawa Sheets are in preparation. In 
the Kurrawa area t,he plains cast of the Oondamine 
River He typical of the •productive graiu lands of the 
western Darling Downs. They consist mainly of deep 
black earth soils with a smaller area of grey soils of 
heavy texture and some patches of solodizcd solonctz 
soils. Though tL.e black earths ure fertile and their 

soil phosphate levels o.re generally very high, an area 
of relatively low total phosphate content has been 
revealed by the survey. The m1dulati.ng to hilly lands 
west of the Conda.mine River mostly overlie 13lythesdale 
sandstones which have been laterized in the past and 
subsequeutly dissected. The soil pattern is dominated 
by various g roups of solodized solonetz and. solodic 
soils witl1 some podzo]s and poclzolics and small •patches 
of gle,yed soils. Tlleir nutrient status is generally low 
and the poor physical properties of the salt-affected 
soils make them ratl1er draughty. The undulating to 
rolling lands are used for grazing with a little cl'O'pping, 
while the more heavily timbered hilly lands are mai.11ly 
State :Forest reserve producing Callitris pine and some 
fence timber. 

A.pproxii .. atcly 10,000 square miles were mapped on 
the broad-scale r egional sun•ey of the Brisbane Sheet 
during the year, bringing the total coverage to 13,000 
square mile::,-a bout one-third of the urea. The soils 
are beiug mapped iu patterns of major groups. Map 
symbols carry letter qualifications iudicating associated 
topography and, where applicable, surface texture and 
~oil reaction variation within soil groups. The survey 
will provide a broad inventory of soil resom-ces in an 
area 11·here climate generally favours development and 
will serve as a starting point for more detailed studies. 
The greater part of t.he agricultural potential of the 
State is in this area which includes soils of most of the 
important Queensland groups. 

Another group of soils has been stu<lied and sampled 
for laboratory analysis for officers of the Division of 
Plant Industry. Those related to ecological studies in 
the coastal lowlands are generally similar to soils pre
viously examined from that area. In the Rodds Bay 
area-part of one of the drier sections of coastal 
Queensland-soloclized soils were again found with 
some shallow prairie-like soils and small a1·011s of rla rk 
clay ~oils related to the black earths. 

3. SOIL CHEMISTRY. 

(Division of Soils.) 
( {t) 111 icronufrient 111 etals and Their Availability to 

PZa.n/s.-Progres:s has been made with this investiga
tion aud evidence of the suitability of disodium calcium 
versenate as au extractaut of divalent manganese in 
soils has been published. Further evidence has also 
been obtained of the existence of organic complexes of 
the metals of the :first transition series in many organic 
soils. 

Pot, experiments with a neutral fen soil :from 
Rendelsham have been directed to determining t he 
relative availability, to oats, of manganese as the 
sulphate and in tJ1e form of three preeipitat.ed oxides. 
This soil is partieularly deficient in available man
ganese. Au application of mauganese sulphate at the 
rate of 5 cwt. per acre is the minimum amount neces
sary to prevent the appearance of manganese deficiency 
in oat~. The oxides used had the approximate composi
t.ious Uu203, :A:fnaO~, and Mn02 and had the structures 
of manganite, hausmannite, and mauganous mauganite 
respectively. All the oxides •proved effective sources of 
manganese for oats growing on this soil at its natural 
pH of 6.5 and were superior to the equivalent amounts 
of manganous sulphate. However, when the soil was 
limed to pH 8.4 before mixing with the oxides only 
the mauganous manganite retained its high availability. 
Crop analyses have indicated tl1at thjs oxide is con
sistcn.tly better as a source of manganese for oats 
than equivalent amounts of munganous sul•p-hute. 

Since all tluee oxides examiued were available to 
oats at pH 6.5 it was curious that the response to 
manganous sulphate was so much poorer micler the 
same conditions. Extractions of the soil with disodium 
calcium versenate in t he presence and absence of a 
reducing agent have shown that the added manganous 



suJ.phate is reo.dily oxidized iu the soil o.nd there is uo 
evidence, from the reactivity of the product of 
oxidation with the extracting reagent, that it is poorly 
dispersed. 

(b) Rai-nwater Stitdies.- The examination of rain 
water samples collected in conjunction with the South 
Australian Department of Woods and Forests and the 
Soil Conservation Authority of Victoria has been con
tinued. Experience in the collection of rai11water in 
Victoria has shown the desirability of r estricting the 
samples to monthly rather than longer periods, although 
this has necessitated a reduction in the number of 
sam1,le sites. This survey will need to be continued for 
several years, but already it is showing a number of 
interesting changes in the o.mount and nature of the 
salts in the ra.infall, both in regard to locat.ion and 
season. 

The composit.ion of the rain falling on an area of 
subtropical forest, just south of the Queensland border, 
is heing examined and compared with the composition 
of the river water leaving the area. An estimate of 
the loss of cat.ions should give some useful information 
on the weathering and leachiug of cations from the 
forest soils of the area. 

(c) C'limcitolog-ical Sfod·iei;.-- .An assessment of the 
potential eva·potranspirntion is essential in order to 
calculate the average amount of rainfall available for 
soil leachiug. During t.he year a method has been 
developed which will e11able the potential evapotrans
piration from normo.l monthly mean and minimum 
temperatures to be approximately calculated. This 
makes it possible to extend the calcnlations of Prescott 
to meteorological stations which do not keep relative 
humidity records, and to check \'11l11es derived by at.her 
methods. 

Calculation,; of the average amount of rainfall avail
a blc for soil leaching, based on the balance between 
rainfall and poten tial ev:ipotranspiration, have shown 
satisfact.or,y agreement witl1 the rnajor soil boundaries 
in South Australia. 

(d) Svectrochemical lnvestigal'ions.-L\. series of 
snmples taken from a small area of apparently uniform 
Urrbrac sandy loam was examined and it was found 
that the sampling error of a single sample was about 
10 per cent., in comparison with which the s·pectro
graphic error was small. It was also found that the 
concentrations of the six elements investigated, copper, 
gallium, magnesium, rnangane.se, molybdenum, and 
vanadium, were correlated. The trace element status 
of fourteen other red-brown earth profiles from tlie 
Barossa Valley is now being examined to determine 
the normal variability within the group within a 
rnstricted geographical region. 

A considerable amomit of time has been devoted to 
improvements in the precision of spectrochemical tech
niques. A study of the emission of arc and spark lines 
by manganese, in samples of plant ash with different 
proportions of potassium and calcium, has shown that 
the influcuce of major components on emission by minor 
comp011ents is much more complicated than has been 
suspected. It is clear that general statements about 
the influence of major components of a mineral powder 
on the emission by minor components cannot Le made. 
Eucb spectrographer must determine for his samples 
the variation in relative concentrations that can be 
t.olerat,ed without serious loss in accuracy in the deter
mination of each minor component. 

Work on the analysis of the total spectrographic error 
has been continued. It is now clear that the two ruajor 
sources of variation are fluctuations iu the arc column 
itself and irregulari t.ies in the rate at whid1 the sample 
leaves the electrode to enter the arc column. 

More precise results are obtained in the metallurgical 
field by using nn element present in the sample at ll 

constant concentration, the internal standard element, 
to measare variations in the som·ce of excitation. A 
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study of internal sta11<la1·dization iu the ar-0 excitation 
of •plant ash and soil bas shown that t,here is no real 
gain in precision in the analysis of these materials 
unless the element to be determined and the internal 
st:ancla1·d element leave the electrode containing the 
sample in the same maru1er. This seems to be the case 
in practice only when the two elements have very 
similar chemical and physical properties. 

T,he effect of controlling the arc current during the 
excitation of mineral powders is heing examined. A 
mechanical calcuJator, for the correction of line inten
sities for the efl'eet of background, has been designed 
and constructed. 

( e) Pedological Sl'udiei;.-Work is in vrogress on the 
interrelationships of ~Le solonchak

1 
solonetz, solodized 

solonetz, aud solod soils. These. soils occur throughout 
the upper south-east of South Australia and the western 
districts of V ictoria. A number of •pro-files have been 
sampled and the normal range of variation for several 
$Oil chacteristics within any one profile is being deter
mined. 

The chemical work associated with the distribution 
of soluble salts i11 profiles of Riverina clay, with 
1·espect to space and time, has been nearly completed. 

(f) I mzJrovem.ents in 111 ethods of Soil Analysis.-A 
study of the ethylenediaminetetra-acetate titration for 
('alcium n11d calcium plus magnesium disclosed that the 
accuracy generally obtaiuable by all observers in the 
titration of calcium plus magnesium was ,highly satis
factory using eriochrome black 1' as i11dicator. The 
titration could be carried out satisfactorily in either 
aqueous or ammonium chloride extracts of soils. The 
.-esults obtained in the titration of calcium onlv, using 
murexide as indicator, were somewhat more ;,.ariable 
::ind sho,ved a tendency towards low results iu the pre
sence of large amounts of magnesium, m1less the alkn
linit_y was Yery dosely controlled. This was thought 
to be due to the co-precipitation of calcium with the 
precipitate of magnesi um hydroxide. A modified tech
JJique was evolved which permitted the accurate titra
tion of calcium wit,h less critical control of the 
alkalinity. 

Plithalein purple (phthalcin-complexone) has been 
found to he a sellSitiYe indicator for alkaline earth and 
magnesium ions. 

Tl,e ethylenediaminetetra-acetate method has also 
bf•cll fount! satisfactol'.Y for the determfoation of small 
amounts of sulphates in soils, provided n small but 
sn!ficient excess of barium chloride is used to ensure 
comp!C<te pree.ipitation. 

Simple flame photorueters have been further examined. 
C'mwersion to sulphates reduced the error due to calcium 
in th(, determination of sodium. The use of a good 
interference filter, in place of the usual gelatine filter, 
has farther reduced t.hc error to au almost negligi\ile 
amount. 

(g) G eneral.-Samples examined have induded soils 
from the North Australia survey, from New Guinea, 
ond from Norfolk Island. It l1as also been possible to 
undertake more specialized determinations to assist in 
characterizing soil types. Detailed studies have been. 
made of the particle size distribution in some deposi
tional layers of Riverina soil profiles, the proportions 
of calcium and magnesium in carbonate horizons of 
soils, and the iodine content of soils. Complete analyses 
liave been maclo of a number of mineral specimens. 
Much chemi_cal w~rk was als~ carried_ out in following 
the ?lrnuges m a soil used for r~ce-growmg at Deniliquin. 
Assistance has also been g~ven to the Oenological 
Research group on the use of 1011-exchano-e resins in the 
removal of cations aud anions from wii~es. 

(h) Westeni .1111,sfral·ia.-In connexion with the 
study of latcr!t.ic soils, furt~1er elay separates have been 
prepared. S1hcate analysis has beeu carried out on 
these, while the idmt.ificntion of the dominant clay 



minerals has been continued by the Physics Department 
of the University of Western .Austl'lllia. Free fenic 
oxide has also been determined in the original soil 
samples and the clay separates, while the spectrogra phic 
analyses of the gravels and fine earths were carried out 
in the head-quarters la bomtory at the Waite Institute. 

Routine analysi::; of the sam1)les from the soil surveys 
has continued and it is now posaible to handle the 
whole of the samples from the region. Periodical 
analysis of rainwater snmplcs luts continued to ascertain 
the composit ion and a.mount of dissolved salts reaching 
the soil from the atmosphere. 

(i) Queensland Region.-The studies on the N status 
of black soils on the Darling Downs ha\"e now been 
completed. The final yMr's work has confirmed tho 
earlier suggestion tl1at considerable quantities of 
mineral N are released on ploughing up. This fraction 
suffei·s additional los~es by leaching. It has also been, 
found that the markedly derreased nitrifying potential 
in these soils, measul'ed by the percolation technique, 
is probably caused by increasing :illrnlin ity with depth. 
This appears to repress the activity of organisms 
o:xidiziug nitl'ite to nitrnte. 

Following routine observations on samples from a 
ground-water podzol in the coastal area of south-east 
(~ueensland, it was found that tlle organic matter which 
accumulated in the B2 horizon was stabilized by nlumi• 
nium. A new tecbniCJ_ue of separating this organic 
material from the soil, in a foi·m relatively free from 
metals, has bceu devised and used successt'ully on 
samples from organic }JOrizons of similar profiles from 
Scotland ancl New 7.'.eflland. Further work is now in 
progress to find the manner iu which iron and alumi
nium are bonded to the organic fraction in these soils1 
by using an efoctronietric titration method developed 
by the Division. 

(j) Soidh-easl,er11 Begion.-'l'he major research 
project in chemistry is directed to a study of the com
pounds of phosphorus with iron and aluminium. In 
11011-calcareons soils the larger part of the phosphorus 
in the soil occurs it1 combination with these metals. 
Phosphates of iron and aluminium arc being synthesized 
under different conditions and the effects of these condi
tions on chemical composition aud mineralogical strnc
ture are being studied. 

4-. Son, PJ:IYSics. 

(Division of Soils.) 

(a) W alcr C onlent of S oil.-Therc is a need for 
methods of m eas uring water content of soil without 
resort to sampling. If a source of fast neutrons is 
placed down a bole tlrn degree to which they a1•c slowed 
down aud sea ttel'e<l by hydrogen a toms in the soil will 
give a measurc of the water content. Appar,a tus fo1· 
measming water content on this basis has been built up. 
Results arc h.ighly rep1·odncible 1rnd the method shows 
much promise. It is not accurate at shallow· depths of 
a few inches bee a use of the escape of fast neutrons but 
its accurncy at greater depths is very satisfactory. A 
theoretical basis for calibrating this instrument (water 
coutent in relation to counts) has been developed. This 
sl1ould help the calibration of any new instruments. 
Without this help it is necessary to have. ncccss to large 
volumes of soil of uniform water content for the purpose 
of calibration. U sing this method, u comparison is 
being made with \Tlllues for potential loss of watel' from 
soil by trauspi,:ation calcnlated from meteorological 
data. The r.omparison is valid only when the soil has 
ample water so that rate of transpii-ation is not 
restricted and hence clcles not fall verv materiallv below 
that expected from meteorologica 1 data. " 

(b) Permeability of Soil.-As n result of work pre· 
viously reported, information bns been obt!lincd on 
movement of water iu uusuturated soil with and without 
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a temperature. gradient. An uttcmpt is now being rondo 
to measme J)ermeability of tmsaturnted soil by using 
columns from which water w11s allowed to evaporate 
from one end. The met.hod used required sampling a 
number of identical soil columns at different itltervnls 
of time to dctcnnino the rate of loss of wat,ei· in rein~ 
tion to water tension grndic11ts. The uccurncy of result1; 
was limited by the degree to which a number of soil 
colurrn1s could be made identic:al in wnter content and 
density. To overcome this a technique is being 
developed in which measurements ure <lone on n singlo 
column of soil in which a constan t rate of loss of water 
is mai11taiJ1ed by evapol'ation at one end and by supply• 
ing water undet· teasion at tho other end. The tension 
gradient along the lengt,h of the soil column is measured 
by small tensio1neters and calibrated gypsum blocks. 

(c) Swelli11g.-Relations between volume of soil, 
water conte11t, and tension of the water in swelling 
and shrirtking soils hate been determined under 
laboratory conditions. Hysteresis occur•:ed in each 
wetting and drying cycle in the relation between the 
water content and tension of the soil water. This was 
considered to be due to the internal rearrangement ot 
particles accompanying change in volume. The effect 
of snlts on swelling of soil is at present under examina
tion. 

( d) Effect of Electrolyte C oncentration.-Sorne 
preliminary work has been carried out at Dcniliquin, 
New South Wales, on the effect of electrolyte concentra
tion on entry of water into saline soi1 containing an 
appreciable proportion of exchangeable sodium. These 
l'esults indicute that initially there is very little 
dilforcmce in the amouut of ~n:tter entering the soil 
when 10 mg. equiv. of calcittru chloride are added 
to each li tre of irrigation water ns compared with the 
irrigation water alone which contflinecl only 0.5 mg. 
equiv. pe1· litrn. It is considered that there were 
sufficient salts present in the soil to keep the colloids in 
a flocculated condition. The work wns carried out on 
other soils with appreciable exchangeable sodium and 
similar r esults were obtained, This work is to bo 
continued. 

(e) Relation of Ftee Iron C'ontent to Slriu;lnre.-In 
the course of an examination of the physical properties 
of te.rra rossa and rert<lzina soils a close relation was 
noted between the free i1•on eontent and the volume 
occupied by large pores (macroporosi ty). :Uacl'O• 
porosity Was found by measuring total porosity at 
100-cm. tension by means of a method denloped in 
this lab<1ratory and by using water content at this 
tension. Water stability was measured by wet sieving. 
There is a high correlation between macroporosity and 
free iron oxide associated with the clay in these soils, 
even though the organic matter contents differ consider
ably. Tt would appeaf•, howevet , that high organic 
mnttcr increases macroporosity. This factor tends to· 
separate these soils iuto two grollps on macroporosity 
values, the macroporosity of the rendzinas (higher 
organic matter) being gl'eater J-h:rn that of tcl'l'a rossas 
at the same level of free iron oxide. 

(f) Stabivity of Aggre_qales.-The effect of water 
content on tlrn mecbanical stability of soil aggregates 
is being examined. The air-dry aggregates from culti
vated soil, illthongh haYiug a similar texture and 
porosity as those from virgin soil, break down com
pletely when placed in water whereas the virgin 
aggi-egntes are completely stable. The virgin aggrl'gates 
have a greater mechanical strength at Rll soil wate1· 
contents. .An additio;ial fnctor is that when air-dry 
aggregates of each sml are wettf>d under a tension of 
10 cm. of wate1: suction, the cult.ivnted aggregates wet 
much more rapidly nnJ wet to n W!lter rontent which. 
exceeds the initial porosity. This aspect is being 
studied. 
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The initial tension of the soil water hns nn effect on 
stability of soil agg1·egatcs in water. It has been found 
thut ercu unstable aggl'egutes ( 5-10 mm.) are completely 
st~blc when inuuersed in water if p1·eyiously wet nt a 
soil wu tcr tension of 100 cm, At condi t1011s wetter 
than 100-cm. tension, there is a clecrcusc in stability 
which is attributed to incipient fnilurn resul ting from 
rapid wetting. 'lhe b1·eak-<lown of agg1·,·gatos when 
d_ner than 100-cm. tension is brought about by <lifforcn
tial swelling and disruption due to entrnppc<l ai1·, 

(g) Sur/ace Scaling of Soil by · Jlain,-The 
mechanism of formation of thin senls on soils under 
lical'y rain has been investigated using a rcd-hrown 
eartli. Somo :field measurements have been made Lut 
most of the work has been carried out in the laboratory 
1111d•cr s imulatc<l rainfall. .ti. technique has been 
de1·eloped for rncasuri.11g pcl'meabil ity of these seals 
which are of the order of 1/iu mm. thick. Using this 
technique and mcas uriug pcrmealiil ity under various 
conditions it has been found that seals on nn un~table 
cultirnted soil ha1·c much lower permeability than those 
011 a virgin soil newly cultivated. The seal formed on 
t~e. poorly structured soil after hea 1·y rain has a permea
bil1 ty whose value is of the order of one two-thousand th 
Clf that of the underlyi11g soil. I ill'estigution tends to 
show t;hat washing in of fines does 110t ordinarily pro
ceed further than the 1 /io mm. from the surface, and 
that compaction of this surface by drop impact and the 
orientation of clay and silt at the surface are the 
dominating factors in lowering permeability. 

(h) Soil Slrnclure, Orusl i11g, and Germination.
Imestigations into the effect of structure decline and 
surface crusting under hcaYy rains show that the poor 
germination of wheat under these conditions is most 
probably a result of lack of air. The effect was much 
worse in a fallow-wheat rotation than in a fallow-wucat
peas-pasture rotation, an<l crusting on the former was 
consitlerably gl'eatcr thnn on tho la tter. C rusts formed 
had almost zero pore space available for air at field 
cnpacit.,y and umler the wet conditions that prernileJ 
at the time it seems likely that diffusion of air to 
seed and rool depth was prevented. 

(i) General.-The DiYision has continuecl to assist 
other research groups in nml out of the Organizatio11 
with measmenients of physical pl'opertics of soils and 
:advice ou equipment for work in soil physics. There 
has been a n otable increase in the number of Australian 
laboratories which arc 110w becoming equipped for work 
in this field. 

(j) Queensland Region.--(i) Physical Properties of 
Soils.-The 1·outine characterization of survey samples 
lrns been cont.inned and an examination of the data 
mndc to test the application of an index to express the 
physical status of the soils. A general statement cover
ing the pl1ysical properties of the Bnrdckiu '7 allcy 
soils and their influence upon <leYelopment for iniga
tion has been prepnrecl. 

Fmthcr iurestigat.ion of serernl of the lab orn1:ory 
methods associated with physical mrnlysis l1as been 
made with the aim of establishing quick, reliable 
met.hods for soil ch:lJ'acterization. Tlic measurement 
of particle den sity has been r e-examined nnd the 
density of the common soil components su ch as iron 
oxide and organic matter has been measured. The 
real density of the different fractions of organic matte r· 
has been found to differ considernbly, anrl the den sity 
determination apJJears to ho an ai<l in the iclontincation 
of these fractions. 

Studies have been made upon a group of soils from 
tl1e coastal lowlands of south-cast Queen sland. Most 
aHcntio1: hns b een devote<l to the frngipan which 
occurs rn ground-water poclzols. Tliese cx1.remoly 
dense pans have been shown to result from simple 
packing of the quartz grains which in these hori?.Ons 
extend into dimensions of the clay fraction. The 
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permeability of. the pans which en use water logging of 
the s11 rfnco ho1·1rnns lws liecn measured by using gas 
and liquiLl methods. :Further work on these lines is 
proceeding. 

(ii) Slruchrrc Altera/ion i'n C11.lti11ated Soils.-Com
purisou of Yirg in grasslallll and cultivated soils from 
t,hc Dnl'liug ~J ?wns, rcf_er!'ed to i11 the previous Report, 
has shown chJlercnces rn aggregation between the two 
conditions. 'l'ue sign incuuce of these results in relu-
1ion to husbandry has yet to be determ.ined. One 
clifticulty with these soils is the lack of a suitable 
mC'tl,orl of st ructnre assessment. Consideraule effort 
w~th prom ising results Jrns been devoted to development 
o[ a mctliod ba,;ed 011 the properties of compressed 
l,locks of the soil mnlerinl compared with those of 
nu tu rnlly occ:u ning nggrcgates. 

( iii ) ll'aler Uunlen/ Ulrnnges in N al·ural Soils.-
Hcgular ob,;enutions bnvc Leen continued on the joint 
project being eouducted with tl1e J~cology Section 
Division of i;lant lnclustry, conterning soil moisture'. 
It appears that a considcrnble period will bo required 
to est11 l,lish <leibite I.rends in the micro habitat condi
tions for Lite different plant eomn1L111ities. The range 
of sensitive moisture determinations will bo extended 
by the pl'ojected instnllation of tensiometers which 
will nlluw the moistu re fluctuations duri11g the wetter 
mouths to lie followed. Sui table instruments are still 
being acquired _and installed to define the gcnornl 
hydrology of this small watershed. A stream gnu"'e 
to rneasm·c discharge shoul<l be in operation shortly. 
]lcgular sampling of rai11fall and ru n-off has been 
commenced for analysis by tbe Soi l Chemistry .Section 
Adelaide. ' 

(k) l::iuulh-easlcrn Region. -The soil physics 
laborntory is now equipped for measurements of 
physienl properties of soils of this Heo-ion and staff 
i~ being built np 011 a. long-range plan~ Water rela
t1011s n11d s tructure of a number of soils h ave been 
exniuined i11 relation to soil surrey ttctivities and to 
assist the Oommo1tw<-rtlth Ifosearch Station Griffith 
New South Wales. ' ' 

ln addition the effect of rice-growing on structure 
of soils was examined i11 co-operatioll with the Soil 
Survey Sect_ion .. No c]efiuite ~ncrease in stability of 
structure w1t.h rncrcasrng penod under rice culture 
involving JJil to eight crops was found in the samples 
taken on selected farms. Assistance was also given to 
a stud.)· of the effect of electrolytes on infiltration of 
w~ter int.o soil at lJeniliquin, New South Wales. 
(&e ,(d) abo,e.) 

5. Son, hl10non10Loav. 
(Division of Soils.) 

(a) 11/wsphales and Soil .Mii;1·oorganism.s.-Work 
has cont~llleJ_ 011 the influence of the availability of 
p~osphat1c mmerals u pou the respiration of the soil 
m1croflorn . A number of natural and synthetic 
p~10sphates were ~becked l,y X-ray analysis, then 
b10assaye_d for arn1lable. 1~hosp~:1te. The availability 
of the nunernls enn be d1ncled mto three mai11 classes 
YlZ. :-

1 

. (i) Readily A '11ailable Phosphates.-Those contain
mp 1ron---:amorphous ferric phospl.iate and an unnamed 
nuneral 1so_st!·uctural ~r~th llaseman's product p; 
those contnmmg alunumum-amorphous aluminium 
11l10sJ~!ate and_ mctarnriscitc; th?se containing 
potas~m_m nHd non-two unnamed mrnerals isostruc
tural. 11·.1.th Hnse1~ian's ()J'Oducts D and L; and tboso 
eonta1111ng potass1~1m :111d ~luminium-turanakitc auJ 
a lower h_ydrntc of tflranakitc. 
. (ii~ Puirly Available Phosplrales.- Those contain
mg 1ron-11n nnnnmcd mineral isost,rnetural with 
Haseman's pro~uct Pi those containing aluminium-
1111 unnamed _rn_rncral 1somor phous ll'ith mct::istreugne, 
tb~se _contnmmg arnmonium and iron-hydi'.oxy~ 
mrnyuhte and an unnamed mineral isostructural with 
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llaseman's product E'; and those containing potaasiulll 
and iron-a coarsely crystalline, unnamed mineral 
isostructnro.l with Haseman's product L. 

(iii) Poorly A-vailable Phosphates.-'l'hose contaiu
in{Y iron-strengite; those containing aluminium
va~·iscite and berlinite; those containing potassium 
and iron-leucophosphite; those containing potassium 
and aluminium-hydroxyminyulite, fl.uorminyulite, 
and two unnamed minerals isostructural with 
Hasernan's products O and S; and those containing 
ammonium irnd aluminium-hy<lroxyminyulite and an 
unnamed mineral isostructural with Haseman's 
product G. 

In general, finer particles of a mineral were better 
sources of phosphate than coarser particles. Usually 
phosphates were more available from iron than from 
isomorphous aluminium minerals. Sands devoid of 
phosphates or containing poorly available phosphatic 
minerals promoted only slight initial respiration. The 
low activity thus indicated often became quite high 
after approximately 10 days' incubation at 25° 0. 
and suggested that certain microorganisms developed 
witl1 extremely low phosphate requirements. 

Studies were made in sand of the a,•ailability of 
phosphates from good sources, such as potassium 
dihydrogen phosphates and iron phosphate (isostruc
tural with Haseman's product P); from 11 fair source 
- vari~cite; and from a poor source-variscite. 

The experiments wel'e made at pH 4, pH 6, and 
pH 8. The mixtures were incubated for periods up 
to fhre weeks at 25 ° C. in the presence and ahsence of 
the phosphate fixing agents, amorphous aluminium 
hydroxide, kaolin, and calcium salts. In. general 
respiration was greatest at pH 8 and least at pH 4 
with potassium clihydrogen phosphate and vnriscite; 
but often the reverse occurred with iron phosphate 
and apatite. Usually aluminium hydroxide fixed more 
phosphate than either kaolin or calcium salts, wl1ieb 
sometimes caused no fixation. With potassium 
dihydrog-cn phosphate, fixation was greater after five 
weeks than after no incubation but with the otl1er 
three minerals fixation varied depending on conditions. 

(b) 11hizubium Sl1id-ie.s.-Stu<lies have begun on th<~ 
antigenic components of rhizobia associated with 
various pasture and indigenous legumes. Methods of 
production of antisera in rabbits have been tested in 
order to obtain stable sera of high titre suitable for 
cross-agglutination tests of strains and species. Such 
sera have been used to fo1low the fate of strains of 
subterranean clover rhizobia inoculated into soil 
containing i11digenous forms. Some strains of rhizobia 
are useless for commercial cultures owing to their 
inn hility to establish themselves effectively in com
petition with indigenous forms over consecutive 
seasons. 

A cytological study of strains from all the com-
111 only accepted species of Rhizobiirm has revealed 
considerable variability of colony characters and cell 
morphology. An un<lescribed rough (R) form of 
gro,vth p1·oduces endospores under appropriate condi
tions, but these variants have not yet been tested for 
their abilit._y to nodnlate legumes and fix nitrogen. 

( c) Fractionation of Soil H umus.-Furtber 
attempt-, h1tve beeu made to isolate proteins from 
humus extracted from peats and soils, but without 
s11c<0t'~s. A large con tinuous electrophoresis apparatus 
has been built to obtain sufficient quantities of humus 
fractions for chemical analysis. 

The changes in plant proteins have been followed 
during their decomposition in the presence and abseuce 
of humates and lignates. Soluble proteins were no 
!on.~er detectable by the sensitive brom phenol blue 
d:vemu: method after about one month's incubation at 
25" O;, irrespective of the presence of possible protein
trappmg substances m humat.es and lignates. 

(d) Oxidation of Hydrocarbons by Soil Bacteria. 
-Work has continued with the same soil bacterium 
U5ed previously, now identified as a Oorynebacterium sp. 

R.Q. values, obtained by using Warburg 1·espiro
meters, for the oxidation of n-hexadecane, n-tetra
decane, and n-decane indicate their complete oxidation. 
Increased dispersion of n-decane by surface-active 
agents did not increase its oxidation rate, but homo
g·enizing in a blendor increased the rate fivefold. 

TJ1c organism oxidizes n--fa tty acids (01-010), 

n-fatty alcohols (02-011), several aliphatic aldehydes, 
an·d tl1e higher methyl ketones. It is unable to oxidize 
the lower ketones or cyclic com pounds. Co-oxidation 
rates of n-decaue with its oxidation derivatives show 
no summation of the respective individual rates, indi
cating that common group specific enzymes are involved 
at some stage in the decomposition. 

The oxidation of n-dccane is unaffected by malonate 
in concentrations wl1ich caused 50 per cent. inhibition 
of the oxidation of succinate. n-Decane oxidation is 
inhibited 75 per cent. by 0.000.1 fluo racrtate, 100 per 
rent. by 0.Q08M cyanide, 90 per cen t. by 0.12:M azicle, 
l 00 per cent. by 0.0001M mercuric ions, and 88 per 
cent. by 0.0008:M io<loacetate. In r everse 0.008M 
cysteine completely reactivates cells inhibited by 
iodoarctatc. Two non-volatile a cids, chromatogra.phi
rally identical with lactic and glutaric acids, are pro
duced during the oxidation of n-decane. No volatile 
acids were detected. 

Work bas started on the <JomparatiYe ability of fresh 
imcl lyophi]i;;:e<l preparat.ions of the bacteria to oxidize 
n-deeane nnd its oxidative derivatives. The rate of 
oxi,lation of n-decane by freeze-dried cells rapidly falls 
on ag ing tlrnm at, 4° 0., but can be raised by adeuosine 
triphC'sphate or by mono,·alent cations, especially 
potassium. 

0. Cr.Ay Mt:"IEJULOuY. 

(Di,·ision of Soils.) 
l:uriug the year a new four-windowed X-ray ,;et 

\\'as installed and another powder camera and a 
diffr actomct01· ha\'e been pnt into use. Suitable elec
ti·o11ic Geigel' counting CCJUiprnent bas been built up for 
nsl' with tl?e di.ffractorneter and spectograph. 

(a) Phospl1ate 11Jine·rals.-For the past two year s a 
stud)- has bc>en ma.de of phosplrntes which are likely 
to oec1n· in soils. The work has been carried out in 
C'O-operation ,;·ith t.he Soil liiicrobiology and Soil 
Cheniist,rv Sections ,;-hich are interested in the forms 
of phosphate in the soil and the mechanisms of 
phosplrnte fixation. A major problem in this work 
has hce,1 the obtai11i11~ and certifying of pure mineral,; 
on which to work. Some museum phosphate minerals 
are mislabelled, and incorrect and insufficient published 
dnta make i<le11tifica tion very difficult. Some 150 phos
phates haYc been studied hy X -ray diffraction tech
l)ique~ and 30 pm-e m~neral certified. Apart from 
fo lnllrng local needs tlus study should be useful in 
straighteniug out much of the confusion in identifying 
phosphates. To aid this purpose, much of the diffrac
tion datn whicl1 is original is being sent to the Insti
tute 0£ Physics for inclusion in th~ A.S.T.:M. Crystal
lographic Index. 

During this st,udy a uew aluminium phosphate 
mineral was discovered. Chemically t he mineral 
differs from other known aluminium phosphates. 
wavellite, sterrettitc, &c., in being highly hydratecl 
(30 per cent. water), and it i5 decomposed at a relatively 
low temperature, J 20° C . A. crystallographic study, 
which is almost finished, shows it to be a distinct 
mineral species. 

(b) A Soil with Ummial Water Relations.-In co
operation with the Soil Physics Section a detailed study 
was made of an uuusual soil from Tintinara, South 



Australia. This soil, which had n c1ay content ot omy 
25 per cent., had a wilting point of 30 per cent. as 
measured iu a pressure membrane apparatus. The wilt
ing point of most soils of this clay content would not 
exceed about 10 per cent. Measurements of the water 
content at wilting point of other soils and clays of 
known mineralogical composition showed that relati_ve 
to 100 per cent. clay, kaolin, illite, and montmorillomte 
have values of 35, 40, and 60 per cent. respectively. 
This figure for the fibwus minerals sepiolite and paly
gorskite was much larger-90 per cent. X-ray analyses 
sho,red the clay of the Tintinara soil to be sepiolite. 
The fibrous and exceedingly small particles accounts 
for the very high wilting point, 120 per cent. relative 
to the clay content of the Tiutinara soil. This is t,he 
first time sepiolite has been recognized in a soil. This 
sepiolite is unusual in that it contains appreciable 
aluminium. 

( c) Soil and Glay tinalyscs.-In conjunction with a 
soil survey, a detailed mineral analyses have been 
made of soils from the Eastern Scarp to the Darling 
Downs, in the Toowoomba area. It is hoped that these 
analyses will aid in the interpretation of the field 
behaviom of tlie soils and in distinguishing relict from 
modern soils. 

Analy.,es of soils from New Guinea, at the req'liest of 
the Land Research and Regional Survey Section, show 
that some soils are highly weathered while the mineral 
assemblage of others indicates very young soils. .All 
the soils reflect the continuous wet and humid condi
tions in the frequent occurrence of hydrated halloysite. 
This is a mineral which would be irreversibly 
dehydrated in most areas of Australia. 

In conjunction with the work of other Sections o.ud 
the Yar ious regional groups of the Division, clay 
mi11cral analyses l1a1·e been macle of soils from the 
following areas: Nor folk Island, Capel-Boyan up 
('Western Australia), the co~stal lowlands north of 
Brisbane, and Griffith (New South Wales). 

An examination of samples from Lake Eyre has 
shown palygorskite to be present in the dolomite of the 
lake bed. These samples were examined because it 
was thought tliat the conditions at Lake Eyre were those 
likely to form this clay. The mineral analyses are also 
of value in aiding Mr. C. W. Bonython, who has been 
studying the lake depo.sits, to follow the change~ 
occurring to various salts. The surface salt is pure 
sodium chlor ide despite the fact that considerable 
quantities of calcium, magnesium, and potassium have 
been introd·uced into the lake. T he mineml aua1yses 
show these cations to be present below the surface of 
the lake as gypsum, dolomite, jarosite, and palygorskite. 

(d) Fliwrescent X-ray Spectroscopy.-The X-ray 
spectrograph started some years ago was used during the 
year for various chemical determinat ions. Its opera
tion had been delayed pending the obtaining of suitabl,~ 
crystal holders. A Geiger counter was :fitted to the 
i11Strume11t to replace photographic techniques. .All 
elements of atomic number greater than titanium can 
be determined, but so far the theory and techniques 
for quantitatil'e determinations in soil have been deve
loped for only titanium, manganese, and iron. The 
latter elements can be determined with an error of about 
5 per cent. of the amount present, with a single count 
of several minutes. No pretreatment, other than light 
grinding, is involved. The accuracy can be improved 
by the incorporation of internal standards. The 
determination of small a.mounts takes longer , about 
30 minutes counting for 100 p.p.m. of manganese or 
iron, and at present this concentration is regarded a.• 
the lower practical limit. The method can be appl ied 
to many other elements and the techniques for these 
will be developed when required. 
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7. SOIL MINERALOGY. 

(Division of Soils.) 

Souf,h-eust Region.-Over the past three years work 
in the Canberra Laboratory on the mineralogy of soi la 
has progressed by petrographic methods. A very full 
study has been made by mineralogical and thin-scetio11 
techniques of n yellow podiolic soil formed on 
granodiorit.e. These show a progressive increase in 
weat.hm·ing of all primary minerals from the deepest 
horizon to the surface. There is also less clay in the 
finest-textured layers than would haYe been formed by 
the degree of weathering observed for the primary 
minerals originally present. Both from tbe above 
observatious and from the orientation of the clay 
shown in t,hin sections it is considered that clay 
illuviat,ion did not occur to produce these horizons. 

Latel' work dealt with n petrographic study of two 
1·cd-brown ear th profi les in the :Mur rnlllbidgee I rriga
tion A reas wherein their nature was demonstrated to 
be due to clay illuviation in one case and wind-blown 
accession in another. The correlations between .soil 
origin and profile genesis by the techniques now 
developed provide a new and useful approach quite 
promising for such studies. 

Many soils show siliceous remnants of sponges and 
diatoms which could not exist alive in them under 
present climatic condit ions. Their distribution in 
south-eastern Australia has been studied and it is 
JJostulnted that the remnants are not, as was previously 
thought, largely wind-blown accessions, but have been 
produced in s1:l-u. under a moister climatic cycle 
favouring growth of the organisms in R ecent times, 
possibly after the last arid period. 

8. S OIL MECHANICS. 

(Division of Soils.) 
(a) General.-During the year the subject of soil 

mechanics l.tas receirnd rccogn.ition by establishment 
as a separate section of the __ ivision. Although, in 
the past, some attention has been giren to this subject 
both within the Division and in the Universities and 
Govcl'llmcnt Departments, there has been a growing 
awareness of a need fo r research and investigation on 
a broader front than hitherto. 

The principal focus of attention within tlie subject 
of soil mechanics, as it affects engineering develop
ment in Australia, is now upon problems of a regional 
clrnrnctcr. It has been shown that soil conditions 
exert a major control over the development of im
portant areas of the population centres of Australia. 
A preliminary survey of these regional problems has 
been made to define the basic nature of the soil 
properties controlling building dm·elopment, t he areas 
affected, a.nd the ability of the building industry to 
support financially an appropriate investigational }Jro
gra.mme. I n almost all cases i t has been found that 
the complexity and expense of a complete soil iuvestiga
tio11 is such that it cannot be just.ified as a charge 
against an individual building; whereas the same 
investigation set against the total building progi·nmme 
of any region apJJears as an insignificant co.~t. 

A total of t.en such regional problems has beeu 
recognized in tJie States of Victoria and South Aus
tralia. For the present, attention is bei11g directed 
to two principal regious-the Para block area adjacent 
to Adelaide ancl tbe South Melbourne region, Victoria. 
Informa tion is being rncorded for the other regions 
as opportunity offers. 

(b) J,'01,ndation Characteristics of the S,oils of the 
l',1ra Blocl.~ Area.-In this area with an extremely 
eomplex pattern of soils tl1ere bas occurred the most 
troublesome series of foundation failures recorded in 
South Australia. The pattern of soils is such that 
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any one building may rest in part on a saturate<l 
granular material ( with some clay), in part on a 
drnined granular material, and in part on 11 heavy 
clay which is high in exchangeable sodium. Within 
one building site therefore the soil characteristics ar,3 
such that bearing capacity values of a lmost zero to 
very high values may be determined; settlements under 
equnl loading conditions may be negligible to very 
high; and volume change due to seasonal changes of 
water content may also be negligible to very high. A 
quantitative expression is being sought for each of 
these soil proper ties to facilita te foundation design. 

( c) Slrength Characteristics of Unsaturated Soils. 
-Unsaturnted soils are a characteristic of the Aus
tralian environment but the engineering properties 
of such soils have recei red little attention in the 
traditional studies of soil mechanics. A prel iminary 
attempt is now being ma<le to define these prnpcrties. 
Three stages of the project have been attempted so 
far: 1. The definition of the conditions of unsaturation 
in zonal soils of the Australian environment. 2. T 'he 
measurement of the influence of specific conditions of 
moisture stress and poi·e space saturation on tJ1e 
strength of granular materials tested under conditions 
of controlled moisture tension. 3. T he measurement 
of the influence of specific initial conditions of moisture 
stress and po1·e space saturation upon the undrained 
shear strength of clays. 

9. E,mTH .A.uGER.. 

(Central Experimental Workshops.) 
The normal process of soil sampl ing employed hy 

the Division of Soils in survey work involves con
siderable manual effort, insofar that holes arc bored 
with a band-operated auger, freque11tly to the depth 
of several feet. With the con1·cntio11al auger head, 
samples are taken at 4-inch intervals, and with a 4-inch 
diameter auger considerable force may be required to 
withdraw the augur and sample from. the hole. 

With the object of simplifying the sampling opera
tion, particularly on the deeprr boles, a power-drivea 
earth auger has been developed for the Division. It 
is mounted on a two-wheeled tra iler fo r towing behind 
a utility truck, and the power is supplied by its own 
6 horse-power petrol engine. The auger i tself is uriven 
hy n hydraulic motor, and is also remo,1ed from the 
hole l1ydraulically, the maximum depth of hole which 
can be dug being 10 ft. 6 in. The machine has been 
given a thorough trial in ser vice in the Griffith area 
and bns been found to meet the design requirements 
very successfully. A description of it is g iven in 
Central Experimental Worksliops Internal Report No. 
15, entitled "Power-Driven E arth Auger" by I. P . 
Arthur (1954). 

III. PLL\NTS. 
1. GENERAL. 

P lants, whether in the form of crops or pastures, 
ar e the basis of every agricultural industry, and viewed 
in perspectiYe grass is Austral ia's most important 
primary product. The Organization has placed con
siderable emphasis on iuvestigatjons of pla11t problems 
at the Division of Plant Industry, which has its head
quarters in Canberra and is tl1e Organization's oldest 
Division. The work of the Divjsion, which has experi
mental farms and field stations throughout the Com
monwealth, is described in this Chapter. 

Allied wol'k on mineral nutrition of plants carried 
out by the Division of Biochemis trv and General 
Nutrition is described in Section 11 of this Chapter. 

Work on special local problems of irrigation districts 
is undertaken by the Irr igation Research Statioru 11t 
Merbein and Griffith (see Chnpter IV.). 

The Divisio1~ of Entomology is carrying out work on 
weed control, msect pests of pastures and crops, and 
insect vectors of virus diseases ( see Cha pter IX.). 

The Land Research and Regional Survey Section is 
carrying out broad-scale ecological surveys in the 
under-developed, arid and semi-arid regions of the 
continent to assess their land-use potential and investi
gate problems of agricultural and pastoral develop
ment. The work on these regional surveys is repo1ted 
in Cbapte1· XI., Section 2, and the Section's inl'estig::i
tions on crops, fertilizers, plant diseases, tillage, and 
native and introduced pastures under dry-land cultiva· 
tiou at the Katherine Hesearch Station, aud under 
irrigation at the Kimberley Research Station, are 
repor ted in Chapter XL, Section 3 et seq. 

Research on biophysical aspects of plant growth is 
being undertnkcn at the Physics Department of tha 
UniYersity of Tasmania a nd is reported in Section 23 
of this Cliapter. 

The research of the Plant Fibre Section on fodder 
conservation is repor ted in Section 24 of this chapter, 
and the evapotranspirometc1· and the nursery th resher 
designed and constructed by the Central Experirnrntal 
v\f orkshops are described in Sections 25 aud .:.!6 of this 
Chapter. 

Di,vision of Plant Induslry.-The r esearch work of 
the Division is concentrated on prnblems which are 
fundamental to agricultural production iu Australin. 
In this it is complementary to the activities of the 
State Departments of Agriculture, whose particular 
fuuction it is to serve the more immediate needs of 
the agricultural industries. 

Because of the great importance of pastures in the 
.1..\ ustralian economy and also because of the difficulties 
of establishment, u tilization, and maintenance of im
pro1·ed pastures, many of the D ivision's activities 
directly or indirectly serve the pastoral industries of 
the Commonwealth. However, research work o.u other 
crops of economic importance which require a par
ticular effort in their introduction, establishment, or 
management, is included in the programme. AgronomiJ 
and agrostological research is tllus the fi rst line of the 
Division's acti,,ities. Complementary to this work 
studies are in progress of a more fundamental nature 
designed to contribute to general knowledge of plant 
life and plant production. 

During the year there has l.iecn further development 
of the research programme outlined in last year's 
Report. This has been mainly due to the appoint
ment of ele1·en new 1·esearch staff iu the fields of 
pla.nt chemistry, biocllemistry, biophysics, genetics, 
microbiology, agronomy, and pasture utilization. Par
ticular r eference is made to the appointment of a 
senior biochemist in Canberra and of a11 officer 
stationed in Queensland to commence an intensi,e 
programme of regional agronomic trials under the 
personal super vision of the Associate Chief. 

To fnrtber the work in south-eastern Queensland 
tl1e Division bas acquired 200 acres at Samford, near 
B risbane, which will be used as the experiment station 
for the Queensland regional laboratory at Brisbane. 
A grant has been receiYcd from the United Graziers' 
.i\ssoriation in Queensland fo r the purchase of a small 
herd of Hereford to be used for cattle grnzing trials 
at Samford. 

The Division has been a party to the establishment 
of a resea rch committee to direct the work of the 
R egional Pastoral Laboratory at .Armidale in order to 
ensure effective collaboration thCJ·e between the staffs 
of the University of New E ngland and C.S.I.R.O. 

Officers of the Division have been honoured by 
invitations to attend overseas scientific eonferenees. 

The Chief of the Division, Dr. 0 . I-I. Frankel, was 
invited by the organizers of the Cold Spring Harboui· 
(New Yo1·k) 20th Symposium on Quantitative Biology 
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to attond the symposrnm on popu1ation genetics. This 
visit to the United States was nidcd by u grant from 
the Cnrncgie Corporation of New York. 

Mr. A. J. Anderson accepted an invitation by the 
J ohns Hopkins University to present a paper at the 
McCollnrn Pratt Symposium (Baltimore, United States 
of America) on nitrogen metabolism. 

Miss N. T. Burbidge, who recently returned from 
Kew, United Kingdom, where she wns stationed for 
two years as Australian ViBiting Botanist, attended the 
International Botanical Congress in Paris as an official 
Australian delegate. 

Both Mr. R. W . Prunster, Officer-in-charge at 
Deniliquin, and Mr. R. W. ,Tessup, ecologist who is 
visiting the United States on a Smith-_Mundt Fellow
ship and a Rockefeller Travel Grant, attended tho 
Arid Zone Conference organized by U.N.E.S.C.O. m 
New MrxiC'o. 

Mr. W. Bryan, agronomist, Brisbane, was a member 
of a South P~cific Commission survey team on the 
productivity of grasslands in the tl'opics and visited 
New Gu inea, New Caledonia, and Fiji. 

The Division was associated with the ol'ganization 
of three Conferences dm·ing the year. A plant intro
duction conforence in Canberra held under tbe 11uspices 
of the South Pacific Commission was attended by 
representati\'es from Papua and N ew Guinea, Fiji, 
India, Noumea, and the United Stat.es. Under the 
auspices of the Australian Agricultural Council a weed 
control conference held at Roseworthy, South Australia, 
and a plant diseases eonference held at Hawkesbury, 
New South Wales, were a ttended by representativea 
of Commonwealth and State Government Departments 
and uni ve1·si ties. 

The Division continued to p1·ovide both long- and 
short-term specialized training to holders of F.A.0. 
Fellowships nncl of F ellowships under the Common
WC'fll th Technical Assistance Co-operation S clrnme. The 
Dh·i~ion continued its co-operation with many State 
and Commonwealth Departments and universit,ies and 
with overseas organizations. T his co-operation is most 
fruitful and is appreciated. 

2. PLANT I NTRODUCTION. 

(Division of Plc:nt Industry.) 

(a) Plant Exploration.- A plant exploration mission 
to the Mediten:anean region which has been orgnnizcd 
in collaboration with F .A.O. was completed during the 
year. The main collections consisted of strains of 
grasses and otl1er pasture plants of potential value to 
southern Australia, i11clndi11g Phalaris tu.berosa (97 
strains), Lohmn rig·idmn (90), Da.ctylis hisvanic,i 
(100), and Lolimn perenne (53). The larger collec
tions were made in the N ortb African countries of 
Algeria, Morocco, and Libya, while smaller collections 
were made in Portugal, Greece, Cyprus, a11d I sr ael. 
In all G86 collections "·ere nrnde and the seed shared 
between the Organization and F.A.O. A full acconnt. 
of the collecting mission has been prepared for dis
tribution and public:ition by F.A.0. 

Detailed studies of the principal groups of plants 
collected have been initiated at Canberra, Perth, and 
.Adelaide. 

(b) 1lgronornic Trials.-Preliminary trials of new 
introductions a s well as more detailed studies of those 
which had previously shown promise lwve been con
tinued at the four primar,y nursery qua ran tine stations, 
and at various subsidiary stations associated wit!1 
them. Importnnt developments during the year hnve 
been the decision to diseontinne the introduction trials 
nt !Catl1erine in the Nortliel'n Terl't.ory, nnd the trans
fer of the work at Rrisbane ton new station at Samfor<l. 
The .\\:ork .at Kat,h_crine had fulfilled i ts purpose in 
p rondrng mforma tion about tho varieties of vnriom 
crop plants which are ~uited to the climatic nud 

other co11ditions of Northern Australia. T hf'ir utiliza
tion in a genernl agricultural pattern will be dependem 
upon more extensive studies, in which the introduction 
aspects al'e not at present of importance. 

There is an evident need to assess otherwise 
promising in troduced pastul'e plants under actual 
grnzing conditions at the earliest possible opportunity. 
At Canbena some of the most promising introduced 
grasses ha\·e been established in grazing blocks with 
associated legumes, while at the new Brisbane station 
some 50 to 60 introductions are being set out for trial 
in smaller grazing blocks. The supply of sred for 
tria1s of this nature is being developed in co-operation 
with the Irrigation Research Stations. 

Several gl'asses introducrd in earlier years are 
becoming incrrasingly prominent on a commercial or 
semi-c-ommereial scale. In We, tern Australia two 
strains of coeksfoot of Meditenanean origin have been 
clistl'ibuted for extensive tr ial by selected dairy-farmers, 
while a strain of TIJ1parrhenia hirta appears to be 
particulal'ly valuable for the coastal sands. An African 
strain of buffel gl'ass which was released some year3 
ago through the Education Department in Queensland 
is now an important commercial plant, especially in 
the Gayndah dis trict, wh ile 8orglwm alnmm, notwith
standing certain objectionable characteristics, lrns been 
/!l'OWl1 on a large. srnle in northern N cw South Wales. 
Flll'the1· strains of this lntter grass have brrn intro• 
duced with a view to the ~elertion of strains free from 
toxicity and rhizome de\·elopment. 

Investigations on cereal varieties w11ich occupied a-11 
important place in the re~eareh progl'arnme in Western. 
Anstralia ba\·e been substrmtially comnletccl. Sum
maries of tl1e results obtnined1 especially concerning 
seed of the best varieties, are being made available to 
the various Departments of Agriculture. 

(c) Pl()nt G1·011>lh Slwlies.-A large-scale fieH 
experiment desig-ned to compare the growth of strains 
of Phalaris tulJcrosa from ma11y localities in the 
Meditrnancan rep:ion hns been completed at Canberra. 
The clntn obtained will lie studied in relation to tl1e 
climatic anrl other conditions of the localities from 
which the sample oriirina tf>d. Similar studies have 
been continned at P erth, where a compnrative stn<l;v 
of ~pecies of Trifoli1m1 ha~ also been initinterl. It is 
belirved that this may fncilit11te the selection of straim 
snitf'fl to l ocalities where subterraneau clover does not 
flourish at present. 

As nnrt of n l onir-term prop:ramme of investi~ntion 
of problems of hasic imnortance to phmt i.ntrodu<'tion 
work in An~tralin, studies have been bep;un at Can
berra on problrms of droup:ht rcsi~tance and ~rasonal 
dormancy in i.ntrorlnred plants. 1'he~e are $till in the 
ea1·ly .~ta~es a ncl will invohe -field, glass-house, nnd 
la boJ'atory studies. 

Investil!ntion of the problem of ~eecl-setting in species 
of A rnr.h is has not yet yielded positive results. Poor 
seed-setting is a rnaio1· problem in many otherwise 
promisinp: introdnc-ed plant~. and studies within this 
general -field will be extended. 

(d) Plant Geograplty.-Work has been completed 
on a large-scale vegetation map of Australia for 
inclusion in the Atlas of An•tralian Resources, and 
a descriptiYe brochure prepared. The atlas comp1·i~es 
mnps and discussion of economic 1iotential of the nalion 
as r elated J-o its primary physical and biological 
resources. This particnla1· map is eoncerned with rom
parative 1·e~ional ('i\ology as related to plant introdue~ 
tion . It will provide n hHPis for compai-ison of Aus
tralinn vcgeta.tiou fornrn with their foreign analogues. 

From this map, and in collnborntion with tl1a 
Profo•~or of llotany of thP University of Adelaide, n 
genernlized map lrns brrn prepared for a revised editiou 
of "The Australian Environmeut ". 



22 

(e) Climatological and Growth Studies.-Oonsider
a ble attention has been given in the last year to rela
tions between the rate of growth of pasture species and 
the rate of growth of climat ic environment, using prin
ci pies of harmonic analysis. In particular, objectives 
are-

(i) to discoYer the more important elements of 
meteorological climate associated with 
changes in the rate of growth of plant 
species; 

(ii) to utilize these elements as a basis of predic
tion; (1) to define global homoclime!l 
against plotted ngricultural and pastoral 
regions with the objective of narrowing the 
fields for specific plant introduction 
rcscarc>h; (2) to define potential zones of 
distrihntion for specified biotypes, climatic 
races, or species, from tl1e plotting of experi
mentally determined relationships between 
genetic material and known Australian 
environments. 

R esearch has been concentrated initially on phase 
(i), for once relationsliips arc established phase (ii) 
becomes rapidly defined in the form of reconnaissance 
surrey. 

firnsc ( i) has been attacked by using methods of 
harmo11ic analysis to break relative growth rates of 
plant material into a group of component sine curves. 
Relntiomhips linve then been sought between those 
curYes and meteorological elements of the locality that 
s re the normal constituents of wea.tber (and the nlti
ruate components of the climate of that area). 

Extremely high correla tions have been recorded for 
rna11y species between these sine curves and lagged 
temperature and the lengths of day nnd night. Lagg,~d 
temperature has been 11sed as an approximation to 
radiation values. :M:ore recently, research has been 
centred on the relation between temperature nnd the 
water variables of the atmosphere, and all of these 
with radiation, with the objective of deve.loping a 
general formula enabling one to determine rndiation 
values from measured and freely av aila,blc metcoro• 
logica.l variables. Extremely satisfactory curvilinear 
and linear relationships have been obtained between 
lngged temperature and some lagged water vapour 
components of the atmosphere for continent-wide Aus
tralian stations 1111d with both menn nigl1tly nnd mean 
daily temperatures. Radiation relationships are no,v 
being sought against these lngged temperature/water 
vapour components. 

(f) International Exchange. - International 
exchange activities bnve incrensed very greatly during 
the past twelve months; the number of introductions 
received from overseas have quadrupled, e.nd tre.blc 
the number of samples have been sent overseas in 
return. 

Of the 1,336 plant introductions received from over· 
sens for trial, rather more than half consisted of 
collections mnde in the Mediterranetm region during 
the joint collectinp: expedition with F.A.O. which is 
dealt with more fnlly below. Apart from these collec
tions, propagat ing material was recei,;ed directly from 
37 different countries, the principal contributors being 
the United Kingdom, t.he United States, Canada, 
Sweden and Morocco. Large collections of lucernc 
strains were obtained for genetical and breeding work 
which has been beg-un with this species, whiJe collec
t.ions of species and strains of Lencaena, I ndi,qo.fera. 
and other ,i:renera were o1itaincd for studies of tropical 
pasture legumes. 

The grent increase in t11e number of samples sent 
over~ens was in nart due to the fact that F.A.O. and 
Colombo Plqn FP.l10ws workin,i? in Austr11lia arranged 
t? take b~ck collections of. varieties which they con
sulerccl might bo worth tnal in thetr countries. It 

was also in part attributallle to the fact that during 
tl1e yeat· a seed exchange list was issued and many 
requests were received as n result of the distribut ion 
of this list. While a heavy burden is imposed upon 
the staff in dealing with such u large number of 
overseas requests, the supply of Australian J)lant 
material overseas is valuable not only for tbe good
will it creates, bnt also because the investigations of 
oYerseas scientists may supply useful knowledge about 
g-roups of Australian plants. Thus cytogencticis!s 
working in the United States and India have added to 
our knowledge of the taxonom,y of certain groups of 
Australian grasses. 

All the sam pies received, and those sent in exchange, 
hnYc heen critically examined for quarantine pllrposes. 
Special problems which have recei,·ed the atten t ion of 
the quarantine officer include tlie study of methods of 
treating rice seed to obtain effectirn disease control 
without reduction of germination. A study to deter
mine the best method of pre,:ervatiou of Rh?'.zobinm 
within nodules was completed. 

3. GEN ETICS. 

(Division of Plaut Indnstry.) 

(a ) S1iblerranean Clover. - The research pro
grammes concerned with subterranean clover aim at 
the production of strains adapted to be a wider em·iron
mental range than is possible with mater ial arnilabb 
nt present. 

( i) Hyb1-idizat·ion lWJ Na.tv.ral Seleclion. - Thi.; 
programme, aimed at increasing the diversity of species, 
will be impeded ,but not preYeuted by the presence of 
!'educed fertility in the progeny. Rates mid direction 
of change under natnral selection are being investi
gated at twelve locations in New South 'iVales. Intro
duced strains from the Meditonanean a1·ea and the 
Canary Islands are being tested for possible use in this 
programme. 

(ii) Subspeciation.-This was indicated by repro
ductive and vegetative anomalies in progeny of ,:rosses 
between some rnrieties. Pollen sterility reduced sccd
setting, and embryo abortion occurred in the F 1 and 
F2 generations while dwarf and semi-dwarf plants 
segregated in some F 2's. I ndications are that the 
abnormalities arc independently determined, and the 
main oause of sterility appeared to be .genie. 

The presence of sterility barriers suggests tl1at many 
,·arieties were reproductively isolated ,before they were 
introduced to Australia. Major varietal differences 
are unlike.1y to have arisen from selection of locally 
adapted ecotypes. 

(iii) Flowering Time.-Subterranean clover is a 
long-day plant which requires a certain expowre to 
low temperatures and a su'flicicnt photoperiod before 
flowering is induced. Some varieties are late flower
ing, not because of long or deep cold requirements 
but because of high photopcriod rcqnirernent or slow 
development of flowers, especially at low temperatures. 
Thus flowing time may vary between locations. Varia
tion in fl.o~vering time appears to be related to mode of 
induction, those varieties having long cold require
ments being most variable. 

(iv) S eed Donnancy.- There arc clear differences 
between Yarieties in speed of germination of imbibed 
and refrigerated seeds. The lack of suitable teclmif',:01es 
to counter stimulation by carbon dioxide is a problem 
in this investigation. 

(v) Seed Yield.-Heritability of seed production 
and comparisons of single plant and sward seed produc
tion are lieing investigated. 

(b) Other Legumes. (i) Lucerne. - An extensive 
l1 .vb1·idizatio11 and nntnral selection programme using 
Mulica.go sa.tiva and M. falcata is in progress. The 
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1nm 1s to produce improved irrigation and dry-laud 
types of lucerne. Preliminary results indicate rapid 
selection for shorter-day length requirements. A 
technique has been developed for vegetative propaga
tion which will be used in clonal testing. 

(ii) A.nnu.al ./11 edic.s.-Inheritance of burr structurP 
nncl hard seededness in annual species of Jlf eclica.go is 
being investigated. Both these characters are iin pOl'
tant in relation to the agronomic usefulness of t,}11' 

~pecies. 
(iii) While Clover. - Differences in self-compnta

hili ty, which may have evolutionary signjficance in sub
species formation, have been found among populations 
or igiu11t.ing from n1rious par ts of Europe. The fre
quency of white leaf markings controlled by a sii1gle 
gene in different populations has been established m a. 
number of European and Asian populatLons. GcnC' 
frequencies for this character nre correlated with tllOse 
for the production of tlie cyanogenetic glucoside lot
nustralin and of the enzyme liberating l.1ydrocy:mic 
11cicl, linmnarase. 

(c:) Chflsses.-(i) D:rnthonin ( W allaby Gra.ss) .
Cytogenetic and cytotaxonomic studies of Donthonia. 
species are being made to pl'Ovide basic informatio11 
necessaq to l'Yaluate the prospect of improving the 
agronomie nsefnlness of these native gnti'8CS. 

Preliminary iuvestign t ions ha ,·e revealed chroma• 
~ome numbers within the genus ranging in a polyploi1! 
~eries from 211 = 2,1 to 211 = 120. Although the genus 
Dnnlho11 in is in general clcistogamuu~, and consequently 
self-fer til izing, several liybri<l plants have been collcct.ed 
in the field. Further studies are aimed at assessing 
the extent and significance of cross-pollination within 
the Penu~ and tlae relationships hetwee11 the various 
-~peClc.!'. 

(ii) J'halu;·•is. - Cytogenetic studies on various 
species aud intcrspecific hybrids of I'hala,ri.s have 
•·~vea lc,d unusual iueiotic belia rionr of uni vn leuts in the 
lty.brids .T'. coerulesc1m.s x 1'. m ·ino1· aml P. tnberosa x 
P. minor 11ud a uew incompatibility system in P. 
coerulescens. The behal'iour of a gene for virescence 
in P. c;ocrulcscens and its association with pollen tuhe 
growth is being st.udiecl. 

(iii) Barley Grass.-I11 11n effo1·t to produce a pas
ture type of barley grnss wit,hout undesirable awn 
eharactcrs, crosses harn been made between Horde11111 
bnlboswn and nwnless types of H. ·vnlga,re. These 
hybrids nre triploicls and will almost certaintly be 
sterile. The chromosome number of t,he awnless IT. 
vulgare is being doubled so that crosses with ff. 
bnlbosum will yield fertile progeny. 

(iv) Themeda (Kangaroo Grass).-A survey of 
chromosome numbers of Themeda ai1.stralis has revealed 
three chromosome races 2n = 20, 40, and 60. Further 
cytotaxonomic and cytogenetic studies will be made on 
this species. 

(d) Ba'8a.l Sterility in Wheat.-The inheritance is 
being studied of a factor or factors for basal sterility 
which had bee.n discovered in speltoid mutnnts from 
three different commer cial v·a rieties of wheat. In two 
of these mutants, St1 and St1,., the basal flower of ench 
spikelet does not normall develop a grain and may b.: 
irn perfectly developed or a bscnt. f n the third mutant, 
St2, the first. two flowers of the spikelet are normally 
sterile. (The studies of morphological nnd anatomical 
nspccts of this basal sterility have been reported in 
previous .Annual Reports. ) 

Crosses were made between the different basal 
sterile mutants, and between the mutants, their parent 
varieties, and other commercial varieties. Progeney 
from these crosses have now been grown to the F 2 nnd 
Fn p;enerations, and data on the occurrence of basal 
sterile spikelets among these plants are being analysed. 
The expresson of basal sterility is closely linked with 

that of speltoidy. In the course of this work a pro
portion of speltoid plants higher than expected have 
beecn noted to occur. 

( e) Developmental Genetics. - The frequency of 
genes affecting different physiological activities of 
fl1owering plants is being studied in A rab-idopsis 
thal-ian(t. This plant is very favourable experimental 
material for it has a short life cycle (28 days) and 
can be grown on culture medium. A number of nutri
tional and morphological mutants ha ire been obtained 
1.,y X-rny trentment. 

A mutant has been obtained which is inca1iable of 
synthesizing thiamin. This is the fi rst case of a nutri
tional mutant to be found in flowering plants. Other 
mutations include one in which flower initiation and 
de1·elopment are temperature sensitive and another iu 
which the growth rate is significantly higher than in 
untreated plants. 

(f) Cy tological Polymorphism in Grasshoppers.
( i) (}ytology of the Genns Austroicetes.-All but one of 
t he kuown species of this genus have bel'n investigated. 
In the pusilla group the so-called "inland race" has 
been shown to be a distinct species, hitherto nnrecog
nizcd. Apparent introgressive hybridization between 
it and A. pnsilla should be inte.rpreted as phenotypie 
convergence of two reproductively isolated species iu 
a zone of ornrlap. This case is of considerable interest 
siJ1ce it throws doubt on a number of other instances 
of introgressive hybridization in animals. The" inland 
rnce." sl1ows rnnch cytological polymorphism, while 
eu-~illc~ nppears to be cytologically monomorphic. 

(ii) Comparative Cytology of the Subfamil,y .Mora
binae.-A cytological survey bas been made of approxi
mately 40 species of this group to find out wha t species 
would be suitable for studies of adaptive cl11·omosomal 
polymorphism in natural populations. Eight species 
were found to be suitable and fu ture work will be 
l:11·gely devoted to investigating natural }Jopulations of 
111 orn,ba senn a. Of the 40 species, 33 have sex 
mechanism XO in the male, two arc XY, and no le8s 
tban five have com plex sex chromosome mechanisms 
of the X 1X 2 Y type. The latter are of considerable 
cytogenetic interest. 

(iii) Popnlati01h Cytogenetics of Moraba scurra.
This species of the southern tablelands of New South 
Wales is extremely favorable for fundamen tal studies 
on the mechanisms of genetic adaptation to the envh-on
ment. Structural rearrangements are present in several 
of its chromosomes. There can be. no reasonable doubt 
that these polymorphic. systems are adaptive, but 
results from young males have no"t so far yielded 
unequivocal evidence of natural selection operating to 
favour the structural heterozygotes. Older males and 
females will •be studied later in the season. 

The frequencies of the various chromosomal 
reanangeme.nts varies from one locality to another and 
some rearrangements ruay be absent in particular 
colonies of the speeies. "Artificial colonies " consisting 
of mixtures of individuals from several sources have 
been set up in suitable localities. It is hoped that these 
will act as "outdoor population cages" and permit 
closer selection and adaptation studies. 

(g) Radiation Effects on Gra.sshop7Jer Chromo
.~omes.-In -order to compare the radiation sensitivity 
of different species of a group, 15 species of grass
hoppers h1n·e been subjected to 50, 100, and 200 r. of 90 
kV. X-rays. Radiation sensitivity will be assessed by 
tl1e nmount of chromosome breakage occuning in thA 
different species. 

4. GENERAL IloTANY. 

(Division of P lant Industry.) 
(a) S tructnral Bota·ny.-1.\n interesting interpreta

tion of flo ral morphology in wheat (T1·iticwn 
aestiv-nm), which is not in accord with the genera1ly 
accepted view ,but which receives some support from 
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palaeobotanical evidence, Jrns been derived from studies 
of histogenesis of flower development. It h?s Leen 
concluded that the wheat flower is morpholog1ca lly a 
short branch system. Upoll the main ax1s of the 
system the palea lodicules, an<l carpel are home as 
appendages which are. hom~logous _wi th leaves. Tl_1e 
ovule 01· megasporang1um 1s term mal on the mam 
axis whilst the stamens represent tho lateral branches 
of the system. The carpel a rises on the main axis, 
encloses its apex, and so encloses the terminal ovule ; 
the ovule is not borne on the carpel. Exam ination of 
the floral development in other grasses and in genera 
of related families is in pr ogress, in an attempt to 
obtain a clearer understanding of the morphology and 
evolutionary ol'igin of tihe Hower in monocotyledons. 

Studies of Horal clevelopmen t in the base sterile 
speltoid wheats descr i·bed last year hHe been completed 
(see also Section 3 (d)) . The steril ity of the base 
florets in these types is d11e to the failure of flowe r 
primordia to form or if initiated to differentiate 
prope_rly all floral_ parts. T~1e sterility "f~ctor" in 
its mildest expr ess10n r esults 1n the suppression of the 
anterior stamen and a fusion with abllorma 1 develop• 
mcnt of the lodicnles. Suppression of the lat.or al 
stamens is the result of tho factor's more active opera
tion nnd complete failme of the flower primordium 
to differentiate its ultimate expression. Basal sterility 
seems to have been Rn important factor in tho evolu
tionary h istory of the grasses. Other genera are now 
being examined for the occurrence of basal sterility 
with an inhibiting mechanism operating in a similar 
manner to that found in TTilicmn. 

(b) Taxonorny a-nrl Systematic Botrmy. -Tlw 
number of specimens now incorpornted iu the 
herbnriurn is 31,860. New stndies initiated incl11cle: 
(i) a stndy of Yarialion in Themerla cw:5/rnlis, wh ich 
is one of the most widely distributed ancl impo1'lant 
Anstrolinn grasses, wiLh n viC'w to pro1·idin~ basic 
cytotaxonornic data fol' selrrtin~ snitn hle ,·nrinnt~ for 
r a~tnre nl tili?.ntion; and (ii) the pr<>pnrntion of an 
mdex of generic names used for Australinn plants. 

During n period at Kew as Liaison Officer the 
syst.r.nrn tic hota n ist checkecl approximately 3,000 slwrts 
of plants from th e Divisional Hcrbarium against type 
material, edited and microfilmed some of the Hobert 
Brown manuscr ipts, and prepared photogl'nphs of 
many type of specimens of Austrnl i:m plants. :Mono
graphs on the genns Psoralca, aml u sortion of 
llelichrysum were also pl'Cpnrcd. Films of the~e mnnu
scripts have heen dist1·ilrnted anr! copiPs of the type 
specimens will be available for distribution later. 

5. MrcnonrornaY. 
(Di,·ision of Plaut Industry.) 

(a) Ph11lopaf holo,rm.-Resca l'Ch progrnmmes in the 
field of phi.nt d isease are conr,erned with host-pathogen 
r elationsh ips, the effect of cm•jronment on disens~ 
development, and witl1 various aspects of plHnt Yirnscs. 

(i) Chemical Rosis of Resislonr·e in Polofo T ·11bwr.~ 
to Ph.11tnphthora.-The release of a water-soluble 
fungicidal factor has been demon!:!trnkd in potlllo 
t ube1·s interacting wit.h the pathogen in II parabiotic 
manner. A suhstnnco li!1s been extrac,te<l from such 
infected tissue wbicl1 checks l111tching of Pliylophlliora 
sporangia n.nd germination of zoosporos. 

(ii) Antibiotic Studies.-Stl'eptomycin is taken np 
by tomato plants through the root sy~tem immcdintel v 
on exposure to treatment. It occnnmintes by ndsol']Jtioii 
in plant tissue, nnd small nmonnts of "fr~e" str epto
mycin pass to tl1e outside where it may be found in 
dr~plets ?11 the l~nf surfa ee. Although 1m nntibnc
ter1al, this mnter rnl h as been sh own to reduce the 
sPvm•jty of attack by blue mould of tobacco and lat.a 
blight of potato ancl tomato. 

(iii) Electrodiagnostic Studies.-Co-operative inves
tigations with Plant Toxicology on the reaction of 
potato tissue parasitized by 1-'hytophlhora infeslana 
and by Pythimn ullimum were completed (see section 
12). 

(iv) Brown Bot of Stone Fruit.s.-The parasite 
Sclerolinia, fruticola was found to penetrate readily 
into young learns of apricot and other stone fruits. 
The fungus readily penetrates the fruit epidermis of 
cherries, plums, and nectarines to reach the h ighly 
susceptible fruit parenchyma. Varietal clifferences in 
susceptibili ty wore found, and appear to be due tu 
certaiu properties of the epiclermis. W ithin planting3 
of Phillips cling peaches in four orchards in the 
Shep pa rton district marked differences in the incidence 
of bro\rn r ot \rnre observed. Serious losses occurred 
on tho light soils which were waterlogged after heavy 
rains a week before han-est. There was comparative!~, 
little loss on heavy soil types. 

(v) Blue Jliould of Tobacco.-Resistance of Nico
tiana delmeyi to Peronospora tabacina appears to be 
due to suprascnsi tivi ty. Studies have been made on 
air humidity in relation to i ntensity of sporulation 
nn<l it wns found that spores are " shot" from the 
sporophore when the humidity, after having reached 
100 per cent.1 drops below that level. 

A reduction in number of tobacco transplants infected 
with blue mould hn.s been noted in weeded as com
pared with uuweedc<l fields in the Orens Valley. A 
study 0£ environmental conditions suited to seedling 
production but unsuited to blue mould development 
has been illi tinted. 

(vi) Ji',ungfridal Action of Sulphur.-Stuclies of 
adsorption by the loaf smface of gaseous sulphur or 
i:ulph n r compounds dcrfred from elemental sulphur or 
from lime sulphur showed that only small quantities of 
these substn nces appear to be 11ecessary to produce 
n fungicida l action on the powdery mildew of sub
tcl'ranonn clornr. Clo,·er rust, brown rot of stone fruit, 
and late blight of potato were not affecttld. 

(di) Patlwgrns in Australian Soils.-Tbe potential 
of the microbial flora of soils to C"anse disenses of the 
potato is being inrnstigat.ed. Virulenc•e is measurrd 
by depth of penetration from the cut surfaces of potato 
tubers, and anatomical studios are made of the para
sitized tissue. 

. _(Yiii) llyperse11.sitive Reaction of IIost I'lant to 
V1.r11s.-Where p lant viruses can invade their host 
plants onl_y to a li mited extent "local lesions" orcur 
at th~ pn_inJ of in?culnt,ion. Since t.he hypersonsith·ity 
of Ntcolrnia glulmosa to tobacco mosaic Yirus is con~ 
trolled hy a single dominant gene, a single subst ance 
is pl"Oha bly invoh·ed in the reaction. Graft trans
missibility and the kinetics of lesion deYelopment are 
being im,estigated. Strains nre employed in anatomi
cal studies to locate the virus i11 the tissue beyond 
the lesion. 

(ix) Ileriiability of Antibody Response to Plant 
1"-irus.-Co-operath-o work has been commenced usin"' 
tb . . l ' o o ncco mosaic virus anc potato virus X, which aims 
at the 1111~erstand_ing_ of the heritn bility of the nntibo<ly 
response 111 rabbits rnocnlated with these viruses. 

_(x) Sepa.rniion of llir11s Comvlex.-An attempt is 
berng_mndo to resolve, b_y physica1 and biological means, 
tl1e v1!·u~ co1)1plex present in the orchids Oaltleya and 
Cym~ultnm m order to investigate a serological cross
renct1on between these viruses aud tobacco mosaic 
virus. 

(b) IUiizobium Besearch.-Tbe invosti.,ation of host 
a_nd bact:-rinl varintiou in relation to eff;ctivo 11odula
t10n of important legumes, pmticnlarly subterranean 
clover, has been continued . Studies in host resistance 
hn ve been extended to include selections made in other 
species for. genetic analysis. The programme now 
covers stud1<>s of nodule anntomy and the cytology of 



bacteroids, and also tl10 investigation of the value und~r 
Austl'alian conditions of strains of nodule bacteria 
obtained from the natm·al hnbitnts overseas of tho 
species concerned. 

(i) Symliiolic Farialion in. Subterranean CZot•er:
Studies on F 2 progenies Jrnvc shown . transgressive 
inhcl' itnncc with respect to number and s1zo of no<lule~ 
produced. this being great_cst ":h~n tl,c parents arc 0_f 
wirlcly different geogr11ph1~ on~111 a~d poo1; compntl~ 
bility. Pnrticulnr attention 1s herng paid . to the 
connexion bctwc<'n 110d11le a bunrlnnce and i:1ze and 
the volume of infected tissue within tl1e nodule. 

(ii) JJaclrriol Rfrain. T'ariafion,.- The type cnltur<> 
collertinn of nodnle liarte1·in has been enlar~Nl _by 
the odclition of the matel'iol from hoth J\.nstrnhan 
nnd o,·erl<C'flR sonrccs. Tho economic potcntinl of 
c:loYel' rhizohia from vnrions Mediterranean countries 
is bcinit invcstigntP-d. 

(iii) A nnlorn?f of Syrnhinlic OompalibilitJJ.-
Nnrlnl<'ll from two 11elected lines of red clol'er, the 
inefferti\·encPS of wl1ich i .~ clne to simpl<' recessi,c 
fartor!I. wr1·e ehMen for tl1is i:tmly. These lines rliffer 
markC'rllv in the cytolmr.v nnd annfomy of thr)r nodules. 
Ilartr>roids from offer1ive 110dnlc~ lrnvc tlic11· nn<'lear 
elrm('nts withiTJ "perinndcnr" re:iions around which 
mitorhondri11-likc !!rnn11les are loca1<'d: rytochrorne 
oxirlns<', <'C'J'tnin dt>l1wlroirc>nni:es, irnd alkaline phos
phota!'-e nre lornfo:cd i11 the~c grn11t1les. 

(iv) PhJ1-~1'nlorry of fofer-linn.-Pr<:clnrtion <:f 11orl!1le
inhibitinrr s11h~tnnres hy nlnnt roots 1s nncfor mve!lt1:n
tion. The inhihitory cffert is n1·nrlnrccl nncler a wide 
rnn"e nf ronditiorn; fmrl tl1c inhibitor appears to be 
stn hlr, witl1 rcspr<lt to l1ent. 

B:-rtpri" 1 11Yin1lr>nrf' 1mrl tlt<' mC'cl1anism of infc,l'tion 
liv rhi?nhinl penctrnti~n of the root hair is being 
inw•tiirntNl. 

(,,) Tfrlsf J?,,.~i.~la11rr.-"EffPrt.ive nodnlntion of 
Trifr>1111m rrmbim1111n wn!I obt11inC'd l1y tho 11qe of 
rl't-rral i,t•·11inq · nf yrnrl•,lr ha,.tC'ria ohtRinril from 
Tnrkrv Yin t\i(I Unitorl StntPs nf Ame1·ira. TioweYn, 
onlv ~ i:Tflnll nrrce>ntr&f'(' of plnnts of th<' 'l'ATi<>tiPs 
tr~tNl hnvr irivf'n an C' ffrrtive 1·rRnon~e 1rnrl the t~pe 
of 11Nlnl11tion woi; !IOJnPwlrnt nlinormnl: the maiority 
of nl11nt!' ~IIV(' 11n intP1'mr>rlinte or inrffc-c-t ive resnonse. 
nnrl ~nme 1·emai11erl rf'.~i~tnnt. Rti·11im of the rlover 
rr.,i•tnnt tn anil romr,11tihlt> with these bacteria are 
beinrr dPvclopcd for gC'11etic studies. 

FP~i.,tiint nNl romnntihlt> str:iin!I of ]if('(lirn_qo 
lnrininfn !ITC' ],pinrr rlrYPlO"Nl fM ~t11rli<'~ of tlrn nntnre 
of r ,.•i•tnnl'<' i11 thi~ ~ner:rs nnrl i:imilnr preliminary 
worlc i!- hring donr with Snyrt and Phrrseol1t.~. 

( vi) ErtPcffre FJnr/11 Nnif11fofinn of 811bferrr111ean 
('701·rr.- C!o-or>P1·ntive 111,P~tie:ntions with workers at 
tlie 'RC'"'ionnl P n!'tnrnl Lnhm·atorv, Anniclnle, on tho 
prnbl<'r:;- of nncl11llltioJ1 of this rlover on the i?rnnite 
i;nils of the Nr.w F.nrrln11d region are brin!! intensiRPil. 
No •tra in of nndnle l1nr-tPrin hn!! h<'ell nhle to P 0 tnblis11 
it.,Plf. oven 1mrll'1' fa vorn ble soil moistmc conditions, on 
nnfnllowerl lnnrl of this typo npnn i11tl'od11rtirm with 
thP iirrrl at. the nol'm:il rntc of inocnlntion. The vir~in 
soil lins hNm founi! to lrnvo an appreciable bactcrio
static property. 

( c) Soil Jl[ir.rnl1io1/lf/.1/.-l nvt>stirrntions of the role of 
soil microor1rnniRm"! in ,wil fr>r tility, with par ticular 
reference to nliosplrntr nnd mnng1rnese trirnsformntions, 
were continued. 

(i) Pliospll(lfr.-Plnnt- response dne to inercased 
pl1osphnte availnbilit,y iiometimcs follows addition of 
or!!llllic m11ttcr to Roil. Stndirs wrre undC'rtaken to 
determine fl1e effect of rlcrompo~inl! 01·1.rn.nic mnttor on 
the solubility of sporinf'lv solnble phosnllllte. In 
liquid mrdia the solubility of rock rlir1!!ph11te is 
mcrenso<i, bnt in Roil no sueh increase conld bo rlotrwterl 
on using r-hemi<'A 1 frartionntion 1proeed11reR. 

(ii) .lltanganese.-Manganese _salts when applied. to 
soil arc oxidized by microorgamsms. The mechamsm 
of this oxiclation ,~as studied nnd it is suggested that 
a new oxidizing enzyme system may be responsible. 
The nature of the oxidation product is being investi
gat<>d ancl its availability to •plants will be examined 
in greater detail. 

6. FnurT !NVESTIOATIONS. 

(Division of Plant Industry.) 
(11) Al Jlobart.-(i1 Physiology of Apple Frttits in 

Relation fo Storage isorrlers.-Experiments on the 
effert of mauurial treatments 11ud growth substances on 
th.c cell siie, physiology, nucl kccpi1Jg quality of apples 
have continued. 

Tho small increase in frnit nitrogen from urea 
n1Jplication in spring and the large increase from 
a·pplications iu summer haYe been confirmed. While 
there is leaf response to sprays of nitrogen, potash, and 
pl1osphorus, there is fruit response to nitrogen only, 
and there is no modification of the physiology of the 
additional nitrogen in the fruit by the other two 
elements applied in this way. Under conditions of 
nitrogen depletion fewer <'ells are formed nnd respira
tion rate is increased ; while the immediate effect of 
nitroge11 depletion may iniproni the appe:uo.nce of the 
fruit, its ultimo.to eficc·t is to df'crease its storage life. 

An incrense in cell n umber per fru it relative to fruit 
size has been nchiel'ed by the use of growth substances, 
but n season of very low susceptibility to storage dis
orders preYented confirmation of a parallel reduction 
in disordl'r incidence. However, an investigation in 
another direction sho,1·ed that n~ regnrds fruits of the 
one size from the same tree those which lll'eak down 
fi1·8t are those with tl1e smaller m1mbcr of la1·gcr cells. 
These studies of cell 1·esponses to manurial imd growth 
substanre ti-ealments :ire hel ping to clarify the relation 
between tree nutrition nnd fruit physiology with the 
aim of im pro,ing kcepwg quality. 

Ilecause of the im po1·tnnre of seed formation on 
fruit deYelopment, studies of the effect of manuring and 
growth snbstnnces on seed numbers have been made. 
While fruit size is oosili,ely conclatcd with se<>d 
number per fruit within n tree, there is a negative 
correlation of seed number per fruit and mean fruit 
size between trees. Treatment with growth substances 
nffects seed mnnber per fruit independent of fruit size 
and without affecting yield. 

(ii) Oas Storage Trials.-The suney of npple 
\'arieties in their rt•action to gas storage with lo,v 
oxygen concentl'ations is approaching completion and 
the general suitability of the method deruonstrateil. 
The next stage of semi-commercial, pilot-scale trinls 
has commenced. A new type of <'arb0n dioxide scrnbber 
of high :tbsorptive efficiency has been developed and 
test~ witl_1 other devices fo1· maintaining gas concen• 
trat1011s m storage rooms haYe been succc:1sful. 

(b) At Applethor7ie, Queensland.-(i) Bud and 
F1-iiit Development in Apples.-Studics in the fourth 
ye111· of summer drought ~bowed thnt Jonathan blos
somed lightly but set well, while Grnnny Smith 
blos~omod well but set poorl,y. A comparison of 
wntc1·ed trnd drought-pnrchcd ,Tonnth11ns showed lnteral 
growth to continue for nt lcn~t n montl1 longer in 
watered h·ees. By early March, perfect buds were 
formed 011 watered trees while those on drought
parched tt·ees were in very early stages of differentia
tion. 

At the balloon i:tagc (oue day before opening), 
blossom buds of healthy Granny Smith nvoragccl one• 
tln:cl, more cel(s t~inn those frnm. trees showing zmc 
detic1cncy. Tlus ddicrenco was marntnined in the fruit 
,et. Fruit set out of season in late summer also 
showed a reduction io cell numbers. 
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(ii) Roots/.ock Trial~.-J onathnn ~rees on M~lling I. 
stocks a•ppear more moisture demnndmg than Northern 
Spy, and have died in recent droughts. 

Delicious, on Merton stocks; surpass those on 
Northern Spy at three years. Some 10,000 _tn,es have 
been produced on Merton root~tocks SUJ~phed to the 
Committee of Direction of Fruit Marketrng. Merton 
778 nnd 793 have been used in the main. Merton 789 
has been shown snsceptible to crown gall. 

7. OIL CRors. 

(Division of Plant Industry.) 
(a ) Saf]/,ower ( Cart.ham us tinctorius L.) ---:-In co

operation --with tl1e various :pepai:tment~ of .t\.gncultm:e 
tests were made to determme (1) varietal agronom1c 
performance, (ii) cultural techniques, (iii) co~para
tive yields aucl monetary returns of safflower, linseed, 
Rnd wheat. 

Varietal and environmental differences in yield, oil 
content, and oil quality occurre~. Close. spn_eing (7 
inches) of rows was better than wide (21 or 28 rncbes); 
high sowing rate was be.tter than lo:"; in area~ of cold 
wet winters s,pring sowmg was satisfactory; m other 
areas May sowing was not always .l:referable to June 
sowing. Under low moistme cond1t1011s safflower out
yielded linseed lrnt the return per acre was less than 
for wlrnat. With 1ulequnte moisture supply safflower 
outyieldrd linseed in terms of oil per acre, and wheat in 
monetary return. 

Safflower is o. facultative long-day plant, vaneties 
differin~ in their ·photoperiodie requirements. After 
the formation of the primordia, increased temperatures 
nceelerated flowering. These -findings will be utilized 
in determinino- the best growing areas and time of 
sowing, and {; accelerated gi:owin9 of two ~o three 
generations in a year as reqmred m a breedrng pro
gramme. 

The mode of inheritance of some agronomically 
important characters was investigated. Indications are 
that rnst resistance is dominant and monogenically con
trolled. Progress was made in breeding for yield, oil 
content, rapid early growth, a~1d spinelessness .. Corr~la
tion between yield and vanous morphological y ield 
components were studied. 

_l\_n unusual type, with an iodine number of 90-100 
(normal 147-150) and with fatty n.cid components of 
nn edible oil, was crossed with normal safflower. 
Amona the segregates of }'2 and F 3 with a low iodine 
numh~ some with n considerably increased yield were 
found. Formation of a drying and an edible oil by 
different varieties of the same species is unique among 
oil crops. T,he material was used for genetic studies o.n 
inheritance of oil quality and breeding of strains ,vith 
a different iodine number. 

(b) Linseed.-Studies were continued with a number 
of linseed varieties and selections developed from a 
cross of Punjab x Walsh. A number of varieties have 
proved superior to the commercially grown variety 
Walsh in yield. Some new selections are significantly 
better than Walsh in yield and oil content, and variety 
Punjab in oil quality and rust resi~tance to Aus
tralian races A and B. These selections have now 
been released for regional trials and their resistance 
to other rust races is being tested, 

Introductions of different species of Linmn and 
varieties of linseed Jrnve been studied with the view to 
their utilization in linseed imp1·ovement. 

( c) Other Oil Crops.-Iutroduction!. of castor bean, 
rape seed, and Lallemantia iberica L., n new crop with 
a dr,y oil, hnve been studied. A world survey of 
different oil crops has been carried out and Australia's 
requirements in this field assessed 8-S a basis for ·plan
ning future reseorc.h. 

8. ToD,\CCO INVESTIGATIONS. 

(Division of Plant Industry.) 
(a) Grmetic and Agronomic Studies.-(i) Breeding. 

-Breeding for resistance to tobacco mosaic was con
tinued. Seed lines homozygous for the type of resist
a n ce derived from Nicotiana gl1itinosa were grown iu 
the principal tobacco-producing areas, Selection on a 
leaf-quality basis was impracticable owing to heavy blue 
mould infections. The Ambelema type of resistance 
has been incorporated into types suitable for areas 
where tempcratnres are high during the growing season. 
Some hybrids combining both types of resistanr.e 
resem ble flue-cured varieties in appearance. 

Although N . glaucri is a symptomless carrie.r of tl1e 
yellow dwarf Yirus, crosses with N . tabacum have not. 
prodded any fabacwn-like plants which are symptom
less carriers. All are susceptible to the disease. 

Species and strains of Nicotiana are being tested 
for resistance to the more sr.rious tobacco diseases, 
including blue mouJd and mosaic. Species recorded 
a!. r esistaut to blue mould were crossed to N. taba.cum. 
With all tl1e inter:speeific crosses obtained, the majority 
of seeds were not viahle or gave rise to ·plants wbicb 
died in the early stages of growth. 

The inheritance of unpalatability to looper enter
pillars in c•crtain tobacco varieties was determined as 
being due to several genes. 

( ii) D1'.seoses and Disorders.-Field observations 
~uggest that susce1ltibility to blue mould mayi be 
influenced by environment. At Canberra, blue mould 
11·us severe in -field plots established to obtain informa
tion on occurrence and survival of the disease. 

Trials to determine the effect of plant spacing on 
occunence of yellow dwarf virus disease were com
me nced in Canberra. 

Erenehing investigations iu the field were continued 
at Rat.l1eriue on an area where plants were severely 
11 tfectctl in recent years. :Major treatments were sp.ray 
or furrow irrigations and planting i11 ridges or flat 
land. Disease occurrence was low and, with the excep
tio n of poorly drained areas, heavy watering did not 
induce the disease in regrowth of •pl8.nts which had 
been cut back. In greenhouse experiments at Can
be rra freuchiug developed more quickly when tobacco 
followed other crops. It was shown that a frenching 
factor can be concentrated by centrifuging of soil 
.fil tratl~s and by chemical flocculation. It was also 
found that soil treatruer.t with a vanadium compound 
controlled and sometimes prevented frenehiug, 

Leaf <mrl, a virus disease of importance in some 
overseas tobacco o.1·eas, whioh was found for the :first 
time in Australia at the Ord Uiver, Western Australia., 
in 1953, has now been observed at Katherine, Northern 
Territory. 

(iii) Spectral Propertie.~ of Tobacco Leaves.- In 
studies of light distribution within crops shading was 
shown to be n serious problem. Intensities recorded 
1Ve re far below the min imum for n.dequate photo
sy11thesis. 
. :Measurements 11how that leaves grown at the low 

liglit have greater t1·11nsmittance than, but approxi
mately the same reflectance capacity as, leaves grown 
at higb light intensities. Tobacco leaves absorb and 
fil ter wLite light, and so contribute to the poor rndiant 
r nergy supply in the dense tobacco stands. 

(ii) Self- a:nd Total Sliadin,q of 'l'obacco Plants.
S tudies were carried out of .self- and total sl1ading 
( i.e., self-shading plus shading by adjacent plants) as 
affec ted by the different positions of the sun through
on t the day during the growing period. Comparison of 
shading i11 east-west and north-south rows indicnte a 
ronsiderable difference in shading pattern throughout 
the dny between the two aspects, and effects were more 
Pr 011ounred in plants provided with bigh nitrogen. 
F 1trther work is required to establish the np,grre of 
importance of sl1ading patterns produced. 
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(b) Tobacco Chemisfry.-Develovme·nl of Amenc11 ic 
Leaf in Tobacco.-It has been shown that this leaf has 
low.hexose carbohydrate food reserves and high nitrogen 
content relative to suga1· content. These characters 
can change rapidly with environmental conditions. 
Adequate light an<l control of nutrient nitrogen are 
necessary for normal leaf development. 

( c) Tobacco Q·uality.-Studies on the effect of 
nutrient status on leaf (]Uality hav~ been continue~ at 
the Waite Agricult.nral Research In~titutc, AddaHlc, 
South Australia . 

(cl) 'l'oba,.rn Phy:;iolnr1!},-Fiold studies in Queens
land liavn shown tJ{nt n wide range of mineral oils will 
control sucker growth if a,pplied to the cut surface of 
the stem at " topping". 

!J. GENERAi, 0HE1\Il8TltY, 

(,,) ()h,;mical Techniques.-(i) Determination of 
Nilra/eg in Soils.-A modification of the phenol
disulpl1onic acid metho<l for the determination of 
nitrates in soils ha!( been developed. The soil nitrate 
extn1ct is made albline :ind evaporated to dryness, and 
h11t •phenoldisulpho11ic acid is added. After neutraliza
tion with sodium hydroxide the colour intensity is 
measured the following day. Small sample weights of 
soil and short extraction time elimiirnte cation inter
fere.nee. 

(ii) Wafor-so/11ble 8'1.lf.phale Delermina,tion in Soils. 
-The soil is extracted with sodimn chloride solution 
in order to release sulphate fre,m colloids. Sulphate 
is then turbidimetrically determined after the clear 
extract was trentrd with "~eeded barium chloride". 

(b) Plnnt Growlh Disf.urba.nces.-(i) Prenchin,IJ in 
Tobacco.-Lead toxicity has been suspected as a cause 
of frenching in tobiwco. Pot culture experiments on 
pure acid-washed sand with basic le.ad carbonate added 
to nutrient solution were carried ont. It was possible 
to indnce reticular chlorosis in tobacco leaves similar 
to that encountered in the enrly stages of frenching in 
tobacco grown on soil at n level of 50 p.p.m. of lead. 
Further investigations are in progress. 

(c) Ntdrient Availability.-(i) 8nlp1wr.-It is 
assumed thnt only sulpbate sulplmr ii. available to the 
plants. Investigations have shown that most of the 
soil sulphur is associated with the soil organic matter 
and mostly only a very small fraction of total _su~phur 
is preseut in a form of sulphate. One prehmmary 
experiment of soil incubation on a natural bacterial 
flora has shown no changes in. sulphur status but n 
gradual increase in the nitrate content in different 
soils wl1ile incubated. This mn_y indicate why soils 
with a high organic sulphur content may nevertheless 
produce sulph ur-de:6.cient •plants. · 

An experiment to study obstacles governing the 
oxidation of sulphur in those soils has been commenced. 
Eleven different soils will be incubated with and with
out added sulphur-oxidizing bacteria. 

A further experiment is ·planned to investigate 
wlict.her sulphates are tl1c oul.r sulphur source for the 
plants. 

(<l) Plant Nutrienfs.-(i) 81ilphur and Phos-
7)'1.orus.-Oats were grown on eleveu differen t soils 
with applied sul phur, phosphorus, and both sulphur 
all(] phosnhorus in pots. Response was obtained in 
almost all soils. Chemical analyses of harvested plants 
and soils nre in progress. 

(ii) Trace Elernents.- Oo.ts grown on a soil of 
irranitic ori§!in lrnve shown severe deficiency symptoms 
otlrnr than those of sulphur and phosphorus. Some 
improvement has followed a·pplications of nitrogen 
plus sn1phur or phosplrnrus, but none with sulphU1· and 
pbosohorns. The possibility of tracA element deficien
cies is bein~ investigated. 

(iii) Pin us rad in ta 'l'rial.-Uptake of molybdeu_um, 
boron, copper, magnesium, nickel, and zinc by pmes 
fol1owing · soil additions will be in vestigated in co
operation witl1 the Forestry and Timber Bureau. 

( e) Cobalt Uptal,·e by Phalaris.-Investigations to 
i,tudy differenees in cobalt content and uptake between 
()C'otypes of Pltalaris at'6 heiug continued. 

10. Pr.ANT N UTllITlON. 

(Division of Plant Industry.) 
(a) Defining Nu/,rient Requirements for Soils.

Research with the major elements, particularly phos
phorus, sulphur, and nitrogen, and with the trace 
elements, has been responsible for considerable changes 
in fertilizer •practice over recent years. Apo.rt from 
the influence on the primary industries, this has con
siderably altered the nature of the research now being 
done in many branches of agriculture. 

Further studies on the soils of tbe IIeytesbury region 
of Victoria show that the main effect of lime on that 
soil is due to the improvement in the noduJation of the 
doYer. The greatest response to the lime occurs in the 
year of sowing. In tlrnt year, a high proportion of the 
clove1· plan ts <lo not form nodules if the seed is sown 
wi.thout lime. The nodulation iilllproves wit,b time, 
and the rcspo11Se. to lime becomes less in second and 
subsequent years. 

Rhizob·i11m was isolated from plants that bad nodu
latcd in the first year without lime. This Rhizobium 
11·::is then used to inoeulate clover seed to compare i t 
with the cultures of Rhizobi-urn being nsed normally 
for inoculation. There was no evidence that the 
Rltiwbium from tliese plants that had nodulated with
out lime was in any way superior. The best results 
were obtained only wlrnn lime was used with the 
inoculated seed. 

The1·e was a high residual effect of copper on the 
soils at Heytesbury. A dressing of 7 lb. of copper 
snlphate per acre ap1,lied at sowing gave as much as 
an ei~htfold increase in !,he yield of clover in the second 
year. Retreatment with 7 lb. •per acre in tlie second 
year had 110 further effect. 

(b) Plant 1Vu.t1·ilion Survey.-A preliminary survey 
of deficiency problems was made in co-operation with 
the New South Wales Department of Agriculture. The 
survey extended from tl1e Queensland to the Victorian 
borders and as far westward as Inverell, G-unnedah, 
Dubbo, and Wagga. Eighty-nine trials were inspected, 
some of which were established by officers of the 
Department of Agriculture, but most were established 
by farmers. 

The survey has ,provided a much clearer pieture of 
the dist.ribu tion of deficienofos in New South Wales 
pastures. 0£ the trace elements, responses to molyb
denum were obtained in a number of places, but there 
were no significant deficiencies of copper, zinc, man
ganese, or boron. Also there were no deficiencies of 
magnesium or potash. 

In many ,places there were impressive responses to 
the heavier dressings of super pbosphnte used in the 
trials. in comparison with the r esponses obtained when 
nonnal levels we1·e usPd. An outstanding r esult of 
the trials is the indica tion that in many areas much 
better results would be oht~ine~ if heavier dressings of 
sup~1,pbospbate were applied m t,he early years after 
sowmg. 

The trials showed the widespread occurrence of 
clefertive _11odulation in newly sown clover on acid soils. 
and the_ importance of lime on these soils to induce 
nodulat1on. 

( c) Oharacterizin,q Deficient S oils.-Su bterranean 
clover ~v:1s grown on 32 virgin soils in pot cultures, and 
the yield responses to pl1osphorus, sulphur, and 



molybdenum wei·e ~etermined, to all~w exa~i!iation of 
the influence of clnnate, tho geolog1eal ongm of the 
parent mnteriul, aucl various soil charnctcrs on the 
occurrence and intensity of deficiencies. 

On only two soils was there no significant response 
to phosphorus, a nd even on these soils the eflect was 
-positive and may have been real. This result is of 
soecial importance in indicating that if there :ire any 
virp:in soils where phosphorus is not deficient a t all and 
where respomcs to s11lpl1ur alone may occur, they mnst 
be rare. It is clca r that for most soils a fertilizer 
containing both phospliorus 1111d sulphur is needed. In 

. t.l1ese expc1·imcnts, tht·ce-quarters of tlic soils required 
both phosphoms and sulphm. 

A tl1ir<l of the soils were deficient in p hospl10rus, 
sulphur, and 1nolybdcrn11n. There was llO conelation 
brt\\'een r cspo11se an<l most of the soil factors examined. 
The significant conclations were between soil type 
a n d phospliorus responses, and between soil p 1I and 
sul phur and molybdenum 1·csponse. Responses to phos
p horus were less 011 the black earths than on the red 
and yellow podzolics. The intensity of sulphur 
deficiency was greater in the neutral to alkaline soils 
thnn in the acid soils. This contrasts with the relation
ship between soil pll nnd molybdenum response, the 
response to molybdenum heinp.: greater in a cid soils. 
T hese correlations arc not sufficiently hip;h to make 
soil reaction a useful indication of t.he deficiency in any 
partieul11r instance. 

(d) S11p7>ly and A11ailobiWy of Elernenfs.-I t lu1s 
recently becu shown that pho-"pliates increase the uptake 
of molybdenum. Howewi·, in the pot cul ture experi
n1P11t with a wide range of deficient soils, in no case 
dirl phosphate cor1·ect rnol_vhdenum deficiency by 
incrrasing tlrn 11ptnke of molybdenum. I11 all cases 
molybdcnnm was most deficient whrrc phosphate had 
been a i:tplicd. 

Studies with l ime lrnYe pro,·ided further c,•idcnec of 
tlie special import:rncc of lime on very a cirl soils for 
the. survival of Rhizobimn and the nodulation of 
legumes. 

(e) Pacior.~ Affecting the Response.-The pot culture 
exper imcmt "·i th a wide range of deficient soils showed 
the specinl importance of the interact.ion hetween 
elements in determining the disfribution of deficiencies. 
There was no response to rnolybclennm at al l 011 any 
Clf t,he soils where no pl1osphorns or sulphur had been 
arlrlrcl. "\Vhrre ·pho~phorus and sul plmr Imel heen adrled 
dcficienc•ies of molybdenum were found in a third of the 
soils. The nnrnber of ~oils deficient in sulphur was 
i ncrcnsecl nearl.v thr eefold by the application of phvs· 
phorns :rnd molybdenum. 

(f) The Role of Elements in Planfs.-Experiments 
with molybden um-deficient plants have shown that 
application of molyhdcnum incrrases the concentra.tion 
of an1ides and 11rnino ncicls within two l1ours nfrer 
annlirntion. The conrentrntion of amides and amino 
acids is low in molybclcnum-defiC"ient plants. By con
trast with molybdenum , dcficieneirs of manganese, 
copJ)er, zinc, a11<l iron increase the concentration of 
amino nitrog-cn . 

The possible role of zinc in plants in carbonic 
nnbydrnse is a lso being examined. Animal carbonic 
anhydrnse rontnins zinc. This zinc is firmly bound 
in a thcrmosta hie f:ripcptidc co-factor. All effor ts to 
establi:;:h wl1et,hcr plant carbonic anhydrase contains 
zinc hnvc failed. P lnnts grown in nutrient solution 
have been giv011 radioactive zinc, and the carbonic 
anhydrnsc hns been extract.eel from the green leiivcs. 
The enzyme has proved to be particnlarl,y labile. The 
best results have been obtained by fractionation with 
calcium phospha te gel at carefully controlled pH aml 
ionic concentrations. Tl1e methods so for developed 
will be used to fnrther purify the enzyme. 
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11. Mrn1mAt. NuTRITION OF PLANTS. 

(Division of Biochemistry and General Nutrition.) 

The solution-culture experiments mentioned iu the 
previous Report have been continued with three main 
objects in v iew, viz.: (a) to improve techniques of 
raising plan ts to maturity under these conditions, ( b) 
to r e-examine the visual symptoms of nutrient 
deficiencies, and (c) to examine the uptake of zinc and 
copper and their distribution in t.he plant at intervals 
during the growing period. Tri/ olinm s1iblerrm1,eum 
var. Bacchus Marsh was used as a test plant in the~e 
experiments . 

(a) Ad.iustments of tlie concm1tration. and propor
tions of sal ts in the culture solutions, appropriate 
supplementary additions from time to time, and the 
employment of conductivity measurements to provide 
against inadequate or exressive concentrations of 
nutrient salts hnve, by considerably enhancing the rate 
of growth and the seed production, mo1·e nearly 
achieved optimal conditions for the development of 
this plant. 

(b) Experience of inducing deficiency symptoms bns 
been considerably extended; and the lesions of Ca, K, 
:Mg, Fe, D, Mn, Cu, and Zn deficiencies hnve been 
studied. 

( c) Changes in the distribution of zinc and copper 
were iuvesti!!ated in seedlings under different irntri~ 
t ional conditions d nring tl1e first 40 days subsequent 
to ~ermination. T he 011set of deficiency symptoms of 
plllnts grown under a wide range of deficiency condi
tions was studied. Transloca tion trends were det.er
m ined by chemiral analyses of plant tissues collected 
by frequent harvests throughout the whole growing 
pe1·iod. 

In this series of experiments Zn6" of high specific 
arti,·ity has been employed to determine more precisely 
the location of zinc within the rlant tissues. 

The r csnlts illuminate the physiology of zinc utiliza
tion by the plant, and provide a key to the recognition 
of different states of deficiency. 

12. PLANT To:ncowoY. 

(Division of Plant Industry.) 

(a) Ilerbicide Tests.-Fnrtl1er compounds prepared 
by the Kew South Wales University of Technology 
hare been tested. It has been fouud that less than 
1 per cent. of the 2-methyl carbon in radioaetive 
"Mcthoxoue" is liberated as carbon dioxide, so that this 
radioactfre compound is of use in physiological studies. 

(b) .Mi.~lletoe I11vesfi.qal-io11s.-Col1aborative work 
with the Forestry and Timber Bureau has shown that, 
under local conditions, a second injection of 2,4-D will 
destroy most surviving mistletoes and does not 
necessarily injure the host trees. It may be unnecessary 
to aim at 100 per cent. kill with one treatment, l)ecaus,~ 
within two or three years reinfection occurs in some 
!ocnlitics. N cvertl1clcss, efforts are being made to 
1mpr~ve the efficiency of trunk injections, as com
parnt1vel_y poor results are reported in Queensland 
and Sonth Australia, and trials with additional com• 
pounds are in progress. 

(r) _ 2.4-D lJioassay.-A suitable method has been 
rstabhshed for the bioassay of minute amounts of 
2,4-D. 

(cl) Imp~da~ce_ Sti1dies.-Tbe impedance equipment 
for mcasurrng: lllJur;v has bern. considerably improved. 
!n co)h1b?1·at1ou w1tJ1. the Microbiology Section, an 
mvcstigahon ~n the lllJUry caused to potato tubers by 
son~e funga l d1~eases has been completed. The imesti.
gat1?n shows that whf.>re the tuber is susceptible to a 
strnm of the Irish blight or ganism. the tuber in itially 
tolerates tJie pathogen. On tl1f.> other bai1d when the 
tuh1;r is _re~istant it d?es 11nt tolerate the p;thop:en, jg 
ran1dly m rnred, anrl its cells are injured in ad,·anee 
of_ tl1e pntb?g-en. Tl1e last phenomenon is associated 
with t,he resistance mechanism of the tuber . 
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( e) 'l'ranslocation.-W n ter logging im pnirs the metn
bolic translocntion of poisons in the roots of 11 y po
chaeris radicala. 

13. PLANT PIIYS!OLOOY. 

(Division of Plant Iudustry.) 
Investigations hnve been carried out in three mam 

fields in addition to those of a miscellaneous nature. 
(a) Ilonnone Physiology. - (i) Frenching ~f 

1'obacco.- Tbe symptoms of freuching suggest a _dis
turbance in the hormone-controlled growth reactions 
of the plant; but since a wide variety of apparen tly 
unrelated agencies can produce or simulate the con
dition, it i,; suggested that each agency nets through 
a central hormone-controlled mechanism. This 
hypothesis is under test by an exam inn tion of the status 
of normal and frenched plan ts with respect to plant 
g1·owth hormones and inhibitors. 

An assay procedure has been established capable of 
extracting and concentrating such substances ( whidi 
commonly occur in plants at concentrat ions less than 
1 p.p.m.), separating them by chromatography on 
paper, and assessing activity by the A ·vena coleoptile 
section elongation test. 

In preliminary nunlyses, extracts of stems and 
leaves of normal young tobacco plants were shown to 
contain the mam promoter, indolylacetic acid (l.ilA), 
nnd a previousl_y encountered, hut not yet indcntificd, 
acid growth promoter and an inhibitor. Extracts of 
similar frenched plants contained no detectable IA.:\, 
but considerably more of a new non-acidic inhibitor 
than observed in normal plants. This dissimilarity of 
pattern thus supports tbc ini tial hypothesis. 

(ii) Honnone J'ransporl.-Not only content but 
also mornmcnt, within the plant of hormones or auxins 
is significant in their controlling action 011 plant 
development. Normally auxin mo\'emcnt is polar and 
basi petal. Tieccn t work has instanced circumstance~ 
under which polarity is lost and acro1rntal movement 
also occurs. 

Work, still in the preliminary stages, has been begun 
to test and extend such ideas with special reference 
to consequential effects on Hower initintion. 

(b) Plant Develo])ment.-(i) Skeleton · Weed.
Little has hitherto been known about the conditions 
required for flowering by skeleton weed ( C hondrilla 
7uncca). It has been shown that skeleton weed cannot 
'flower unless the <lnys arc sufficiently long. Planfa 
have been maintained strictly vcgetati,·e for one year 
by keeping them under short-day (8 hour) condi
tions. They could be made to flower by ten exposures 
to a long day (20 hours). Such considerations are 
significant to distribution and dispersal studies. 

(ii) Anagallis arvensis.-Further work has been 
carried out on this laboratory test plant which serYcs 
as a convenient model for others of agronomic 
importance. Conditions have been established 1111der 
which plants may, at will, be held just "poised" in 
continued vegetation or tipped towards reprodnction. 
The minimum amount of leaf area required to per
ceive a light stimulus has been established as 10 mm2• 

.Area ver se is the determinant and not age (except 
that cotyledons are ineffective). Two strains have 
been isolated with differing requirements of photo
period and cold experience. These requirements have 
been quantitatively established. 

(iii) Plrnlaris tuberosa.-In continuation of thi~ 
project, monthly plantings of P. tt,bei·osa in the fi eld 
have been made throughout the year. From records 
of dates of heading, and times of flower initi::i tiou as 
determined by serial dissections, obtained both from 
this· material and some previously grown in the glass
house, it is concluded that formation of flowers in 
Phalaris is hastened by long days, with indications as 

well that it is inhibited by high tempe1·atures. 1t 1s 
hoped to gi1·e precision to these findings by growth
room studies. 

(c) Seed Pliysiolo_qy.-(i) Dormancy in Subter
ranean Clover.-Previeus work on the favorable 
actions of treatment with cold and removal of testae 
has been conJirmed and extended. Two new, and more 
ctfocti ve, methods of breaking dormancy Lave beea 
est,ublished a nd inrestigated, viz., trea tment wit.Ii 
c:arbou dioxide, and certain activated carbons. The 
lowest calibrated concentrntion of carbon dioxide 
shown to be effective is 2 per cent.-the niinimum is 
probably lower. .An examination of the mechanisms 
of these effects is being acti ,·cly pursued. JJorrnaney 
of seed is not a problem in esta l.,lishment of subter
rimcan clo1·er pastures ; but it is a matter of some 
significance in ernlutionary studies and brcedi11g pro
grammes. The method has already been used to 
establish valuable crosses uuresponsire to couvcutional 
treatment. 

(ii) N on-r-iable Embryos.-Certain J lordeum crosses 
(H. vulgcire var. :Marett Awnless by 11. bulboswn 
137SS-2 ) produce non-viable seed. Embyos have been 
explai1ted, cultured by met hods referred to iu au 
earlier Report, and grown into viable plants. 

(iii) Germinal ion. I nhibilor.-Extrarts of seed coats 
of Ech·iurn JJlantagineum have not yielded substances 
which arc inhibitory to the germination of Echimn 
seed (as was earlier thought possible), and which could. 
ha,·e been the cause of dormancy. However, such 
e:,tracts markedly rntar<l the development of roots of 
Ech-i-um embryos. Extracts of Ediium. seed coats do, 
however, act inhibitorily on the germination of other 
seeds, e.g., cress, and work to charnctcrize the re
sponsible substance( s) is in progress. 

(d) Gerieral.-( i) 1Y ili-og1m .Melabolism.- The most 
in tcresting- finding, using em Lryos of M ed·icngo orbicn
laris, is t.he di fferent behaviour of some amides and 
the concsponding amin o acids. In the case of amides, 
glutnrnine is a superior source of nitrngen to asparn
gine, whereas glutamic acid is iufcrior to aspartic acid. 

From a comparatii•e study on nine families (mono
cotyledons and dicotyledons) it is concluded that gluta
mi.ne is superior to asparagine as a nitrogen source 
for embrj•o growth. It is interesting that asparagine 
is actually inhibitory ouly in representatives of Cruci
fcrae nncl in the one species im·estigatcd of the closely 
related Rcsedaceae. 

(ii) Sferility S/zuly.-Tlie culture of inflorescence 
primordia of the basal sterile speltoicl wheat, St. 2, 
has prored difficult. After inYestigatiug a wide range 
of media and conditions, only lim ited growth is yet 
obtainable. The requisite sucrose concentration in the 
medium has been esta blisl1ed to Le greater than that 
usually held satisfactory for tissue cultures. 

(iii) Soil Fer tilily.--1\n investigation of the effects 
on crop growth of adding organic matter to the soil 
was conducted at Griffi th, New South "\Vales, over a 
period of years. The dominant finding of the field 
experiments was that crop growth v.·os stimulntecl hy an 
increaser} intake of phosphorus from the soil. This 
:finding is relernnt to tl1e important general problem of 
the avnilability of nutrient elements as influenced by 
the presence or absence of organic matter in the soil. 

The implication of the present e:-1:periments is tliat 
relati,·cl_y unarnilable phosphorus can be made avail
able by ploughing in crop residues such as strn w or 
stnbble. Pot, experimen ts and lnboratory stndies arc 
no,r in progress to find the conditions unrler which 
tl1is ran take place. Results to date show that iu sou1e 
cirenmstances phosphorus can be made less anrl not more 
arnilable to the c rop. I t is hoped t.hat the work will 
throw some light ou a subject concerning which there 
is much conflicting evidence. 



· tiv) Phosphoru,, Deficiency in Citnt~.-l<"'rom a 
study of leaf <.:om position in citrus, varying degr ees of 
phosph orus deficiency were found in an experimental 
citrus grove at Gri ffith, New South W a les. This finding 
suggested the possibility that, as in parts of Oalifornia, 
phosphorus deficiency may be responsible for the poor 
quality of some oranges produced on the Murrumhidgee 
T rrigatiou Area. This lead bas been follo• . ..-ed at Griffith, 
and a farm survey has slw-wn beyoud r easorn1b!c doubt 
t.ha t pl1osphorus deficiency and frui t quality arn 
strongl,y associated. 

14. PLANT EcoLor,v. 

(Division of Plaut Industry.} 

(,1) 1·ey!'/alio11 8ur1·1•.11 of Southern 'l'ablelcmds.-
Furthcr eoll"r·I !<ms have been made nnd the compila
tion of detailed uotC';;:. of some arras has been eom
pleted. 

(b) 8/11.lici; un Nalive Grasslands. (i) Jn{asio-n of 
N nlire P l.'sh1res b!t Botl1riochloa nm higua.-Climatic 
condi tions h:H'l' not been conducive to spi-eacl. of thi~ 
species. St11dics in root dcrnlopment of B. a111big1w an,I 
Danthoniu spp. suggest. that under co nditions of ade
quate moisture and high temperature, growth rate is 
greater in t.l1c former species. The vignnr :11,i] Yi tn1i ty 
of seed of B. a mbigita. is greatly reduced by t,Yclve 
months' storage . 

(ii) :lu/.ecolog·icnl Sludies on ~Yali'lle Sz1ecies, 
1'rangic, New Sottlh Wales.-The economy of the 
Traugie district is based largely on grazing introduced 
forage animals on native annual and perennial species. 
This project is designed to find the interrelations 
between the maj or native plant specie;; and the micro
environrnental factors, excluding nutrition, by using 
plant growth as the major measuring index. Prelimi
nary work bas indicated that within this environment 
growth rates as well as the seasonal var iation of species 
are dependent on soil moisture, t emperature, and solar 
radiation. The iuterrelations butween these three foe:-· 
ton, arc to be further studied using potted native speciC'$ 
grown under partially controlled couditicus. 

( c) Subolpine Grassland St-u.dies.-The r e asons wl1y 
trees do not grow on subalpine grasslan ds in the 
1vlonaro region were studied fur ther d uring the year; 
particular attention was given to the recording of air 
temperature profiles in contiguous grassland and wood• 
Janel. Studies '-'"ere initiated of tl1e effect of the tree 
c:anopy in modifying the temperntnre microclimate. 
A further sc?rics of young eucalypt trees o f varying 
cold toler:incc were planted in a transect across the 
grassland-woodland boundary and their reaetion to the 
different environments was studied. 

The relation of the tree line to contour is being 
investigated from air photographs. 

(d) Ecological Stndies on Wecds.-(i) Competi
tvon between Pasture Plants and Perennial Weeds.
St. John's lVort: The factors in the successful control 
of St. John's wort by subterranean clover under field 
conditions tlt Tumburumba, New Soutl1 W"ales, have 
been studied i11 specially desig11ed competit.ion boxes 
in the glass-house. It is expected that when the 
second series of experiments are completed t,his year 
t.J1is work will be concluded. 

81.:eleton Weed : Field expcrimeuts a t Cowra, New 
South ·wales, indicated that under the dry conditions 
experienced last year p asture plants did not effectively 
compete with skeleton weed, altho11gh under the more 
favornble eondi tions of 1953 they had markedly 
reduced the skeleton weed population. 

11 oary Gress: The e ffcct of W irnmera n·en-rass on 
the control of hoary c:ress by pbenoxyacetate' a~id com
pounds in being investigated at M u rto:i . Victorin. 
Wimmera ryegrnss and other grasses inclnd.inn- ccrenls 
appeni· to aid the control of the weed by chemicals. 
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More detailed studies of the effect of the grasses is 
planned under controlled glass-l1ouse condi tions next 
year. 

(ii) Skeleton W eed.-It is unlikely that chemical 
weed control techniques can be used t o eliminaw 
skeleton weed, and current work is designed to deter
mirie field conditions which r educe skeleton weed 
numbers in pastures and to develop techniques to 
overcome the reduction of crop yields. This work 
will be continued in the coming season. The assess
ment of the competition offered to skeleton weed by 
various pasture species has been continued. The 
reduction achie\·ed b_y luceme stands appears to be 
due to competition for water ; further confirmation 
of this resul t \rill he obta ined in the coming season 
when the cun-e!lt t rials will be terminated. 

Competition between skeleton weed and a crop 
of wheat for n itrogen is very severe when soil nitro
gen is low. In one trial, where fertility was hig:i1 
following three years of past ure, the effect of the weed 
ou the y ield was not detectable. 

A furtl1er means of reducing the competitive e:lfeet;; 
•Jf skeleton weed applicable to early sown oat crops is 
early spraying with herbicides of the 2,4-D type and 
this technique is .being used to study competition 
between weed and crop for nitrogen. 

Studies of the assimilat ion a nd storage of carbo
hydra te r eser ves by skeleton weed wer e star ted d urin" 
tlie year with a view to reassessing the possibilitie~ 
of control by m anagement and cultural methods. 
,, (iii) Nasella Trichotomo (Yass River T ussoclc).
Ih1s imp or tant weed of pastures is spreading on the 
Central and Sonthern Tablelands of New South Wales 
and work in progress offers promise of contr ol. T he 
weed can be con trolled on arable lands by conventional 
culti vation and establishment of vigor ous pastnres, 
although costs are increa sed by its presence. Stands 
of the weed on stony shallow soils in rough country 
are the major problem a11<l here chemical control 
with sodium trich loracetate h as been successful. 
ITnfor t~na_tely, the treatmen t is successful only if rain 
falls w1thm a few weeks after treatment. In ollf• 
experiment on steep r ocky ground subterranean clover 
stands were established followin"' treatment and no 
seedlings have established after 
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three years. Work 
on conditions favouring establishment of the wee<l 
continues. At another site fur ther trials have been 
l_aid dow~ wit? a view to reducing ~osts ~nd devising 
formulations mdependent of followmg rams. In all 
herbicide trial, as a routine, subterranean clover is 
broadcast with the appropriate fertilizers and in all 
cases a pasture has been established. 

(iv) Competition Studies.-Furthcr experiments on 
interplant competition are in progress as o. prelimi
nary to a study of competition between pasture species 
~nd w_eeds to be _carried out in pots. :Effects of light 
mtens1ty and mtrogen supply on leaf area g rowth 
under different levels of competition from other plants 
are of major interest. Leafiness has been confirmed 
as an important factor in yield increment of a plant 
or plant community. 

( e) Grazing Management Exper-iment- J.litchell 
Laborabory, '.l'rangie.-This proj ect, which is being 
(•ondueted in co-operation with the New South W ales 
pepartrn~nt of Agr iculture, is designed to obtain 
u ifom~at10n on management problems of the semi-arid 
Chloris pastures using various perce.ntages of grazed 
lncernc as a snpplement. 

A grou~ of pen-fed sheep are to be incorporated as 
~n es_s~ntrnl control and all the varying grazing 
rnteus1ties on natural pastures or with ]ucerne supple
ments iu·e to be considered as treatments. 

The fo?d-value basis of the pastures is to be assessed 
on ~rotom value~. I nform ation concerning the eco
nomies . of growmg lucerne, us well as the most 
r~onomw pe_rcen tage of lucer11e to use in this area, 
will be obtamed. 
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Wool production due to (i) the environment, (ii) 
environment plus nntural pastures, (iii) environme~t 
plus natural pastures plus a lucerne supplement, will 
be determined. Since both grazing intensities and 
nutritional levels will fiuctuate, wool production will 
be measured at short-term intervals, rather than li,y 
using a single estimate in the form of a. twelve-111011thly 
Reece weight. 

(f) Eu.calypt Sl11dies.-(i) Nutrient Stat1is of the 
Soils of the E. polyanthemos-E. 10clliodora and /'he 
.E. mclliodora-E. blakelyi Associations.- Soil~ from 
five of each of the associations ha,·e been shown to be 
deficient in nitrogeu, phosphorus, •and. sulphur. Yield 
was depressed by JJotassium and no response obtained 
with minor elements. Soils of the E. polycmlhemos
E. 1nelliodo1·a association contained significantl_y 
higher levels of available phosphorns. 

This type of work has been extended to the E. rossii 
un<l E. 1nell·ioclora-E. blal.:elyi Associations. 

(ii) Jtffect of Phosphoru .. ~ on lnterspecific and 
lntra.s]Jecific Comvefition in E. polyanthemos and E. 
melliodora.-An experiment to determine the role of 
level of soil phosphorus in the distribution of thesl' 
species has been cornmence<I. Trees have recently 
been transplanted to field plots in pme stands and 
mixed communities at a spacing of two feet betweeu 
trees. Two levels of phosphorns, nil und 4 c1Yt./ acre 
OaHP01, have been applied. 

(iii) N1tlrition of E. polyanthemos rm<l 
E. mellioclora.-The response to calcium, 11itroge11, 
phosphorus, potassium, sulphur, and lime was inve~ti
gated in sand culture. Lime depressed growth in both 
species. E. polyanthemos responded to all elements 
but 110 response was obtained with E. uwllioilora in 
tbe case of sulphur and potassium. 

Both species responded more to phosphorus than to 
11itrogen, and response to phosphorus was greater in 
E. polyanthe1nos. 

A similar trial using 8 . fastigatu and E. bicoslalt1 
has been commenced. The depressing ci:Iect of lime 
hus been established and responses to phosphorus, 
nitrogen, sulphur, and potassium appear likely. 

15. P1.AN'l' BIOCHEMISTRY. 

(Division of Plant Industry.) 

(a) .Morphogenesis.-The work has ceHtred arouml 
the biochemical processes concerned in the differentia
tion of cells in regenerating plant orgaus. The p rob
lems eonsidered are basic t,o tho normal growth an<l 
development of higlwr plants aud are pertinent to 
such practical problems as vegetative propagation 
( e.g. stem and root cuttings, control of regenerating 
weeds), perenniality, and development of abnormal 
tissue. 

Using aseptic tissue culture techniques, fragments of 
many kinds of regenerating tissue have been expose(l 
lo a defined chemical and physical microenvironment. 
Addition of very low concentrations of structural 
analogues of the purines and pyrimidines ( e.g. substi
tuted benzimidazoles, benztriazoles, thiouracils, and 
barbi turntes ) proved effective in inhibiting the pro
duction of adventitious meristems. 

In ex11mining the question as to why some species 
sucker while closely related species do not, a study 
has been mnde of the growth factor requirements of 
isolated roots of lilJCopersicon, M edicago, and Tri
folimn species. Those vitamins and amino ncids 
normally provided by the leaves are being determined. 

Preliminary experiments on the chemical pathways 
in nucleotide synthesis in plonts have been carried out. 
.Present indications are tho.t substo.ncos similar to those 
known to be intermediates in micro-organisms and in 
animals may be involved. Nucleotides and the related 
nucleic acids a.re rapidly synthesized in regions of 
cell division activity. 

31 

(b) B ·uf)"ering Capncities of Some Mxcised Pla~t 
1'·isst1,es.-SecLions of tissues commonly used m 
bioassays and growth tests were potentiometrically 
tit.rated with dilute acids and bases. This reveals the 
extent to which test tissues themselves may buffer the 
external medium and thus in-fluence the rate of uptake 
of dissociable molecules (e.g., auxins, nutrient ions). 
l3_y measuring the buffering capacities of root tips as 
a function of pH in the presence and absence of 
nutrient ions, one may learn somethi11g of the nature 
of the sites at which these ions are bound on the root 
smface, prior to their uptake. 

(c) The Biochemical Role of Z·inc.--In animals, 
zinc is associated with the enzyme, carbonic anhydrase. 
In plants its biochemical role is not known. EX'peri
ments were undertaken to see if zinc is also part of 
plant carbonic anhydrase. Plants grown in water 
culture were fed a radioactive isotope of zinc, as a 
tracer. If the zinc is incorporated into carbonic 
nnhydrase, the radioactivity should be inseparable 
from the enzymatic activity during •purification of the 
cn;r,yme. Methods of purification are at present under 
st.ud_y. 

(cl) Enzyme St11clies.- Studies on dehydrogenase 
enzymes and cytochromes of yeast and higher plants 
l,a ve been continued i11 the Department of Bio
chemistry, University of Melbourne. 

The properties of the enzyme "yeast lactic acid 
dehydrogenase ", have been further examined. 

.Microchrmical a11alyses showed that the total iron 
content of tJie enzyme was accounted for in haem, one 
of the two prosthetic groups previously described. 
The high phosphorus content indicated the presence of 
this element other than as a coruponent of the second 
p rosthetic grnup, riboflavine •phosphate, and is 
11 cr·o1111ted for by the identification of polynudeotide 
as a further component of the crystalli1ie enzyme. The 
ehemical cOmJ)oSition and enzymic funct ion of this 
1111cleotide are being invest igated. 

E lectrnphoresis, ultracentrifugation, resin chroma.
Logra,pl1y, and salt precipitation have been used in 
attempts to isolate separate protein components con
jugnted with t.he various prosthetic groups. Free 
flavine can be dissociated under a variety of conditions, 
resulting in a loss of enzymic activity, but in no -0ase 
hns a separate flavoprotein, active or inactive, been 
0Mai11ed. Free nucleotide has also been dissociated, 
but t:he elfoct of its removal ou enzymic activity is still 
to be fully determined. 

The sedimentation behaviom· of the enzyme in the 
ultracentrifuge and its amino acid composition have 
been studied in the collaboration of the Wool Textile 
Research Laboratories, Biochemistry Unit. 

The complex nature of this enzyme suggests that it 
may eatalyse the esterification of inorganic phosphate 
c011pled with the oxidation of lactate. ' 

16. PHYTOCHEMIC.AL S URVEY. 

(Di vision of Pb.nt Industry.) 

The co-operation of the Di,·ision l1as continued in 
r.hc provision of plant samples and botanical advice. 
Abou t 130 bulk samples for analysis were eollected by 
oflicers of the Division stationed at Brisbane and by 
officers of the Forestry Departments of Queensland and 
New .South Wales. 

J3esicles co-o·peratiug with Australian laboratories, 
samples have been forwarded to overseas institutions 
for specialized examination. N umer ous samples have 
been sent to the National Institute of Health Bethesda 
IT11it0d States ?f Am~ric?,, which is screening plants fo;. 
tumour-dam~ging prmc~pl_es. About four Australian 
plants of ram-forest ong1n have given positive t st 

th f t . I . . e. ~ 
wor y o men ion. . '?vest1gat1?n of the toxic principle 
(l'eputed to cause blindness) m wannakai or finger 
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cherr;y (Rhorlomyrlus maci-oca,-pa) being carried out 
nt the Chemistry Department, University of Leeds, 
Euglnnd, has reached a promising stage. 

A search for reserpine iu indigenous members of the 
fnmily Apocynaccae resulted in the identification of 
tb is th era peu t ic nllrn loid by the Di vision of Indu.~trial 
Chemistry, C.S.l.R.0., Melbourne, in root bark of 
Alslonia consfricta. A sUl'vey and collection of this 
nnd related species were made by officers of the Division 
in Queensland. 

Several spueimeus of reputed native medicines were 
collected for analysis in L\ustralia through the courtesy 
of officers of the Ad!llinistration of Papua-New Guinea. 

Collection and chemical annlysis of selected plants 
poisonous to live-stock barn been arranged, mainly in 
conjunction with t,be Queensland Department of 
Agriculture and Stock. 

A paper dealing with the chemistry an<l taxonomy 
of the Australian florn, which will collate chemical 
results on spccimeus collect.cd siuce the survey began in 
1945, is in prepnrntion. 

17. 01ta .\N10 Cm,:ir.rsTnT. 

(Division of Plant Industry.) 
( a ) Potato Palhogen Invesligalions.-(i) Phyto

pl1thora info~ta11s.-Work is being carried out to dete1·
mine whether the resis tance of certain varieties of 
potato to late blight pathogen (Phylophthora. infeslans) 
is caused by the presence of or formation of a toxin 
in the host tissue. Some progress has been made with 
the separation of 11 factor showing toxic effects on 
Ph ylophl h ora zoospores. 

(ii) Pytliium ultimum.-The rapidity with which 
the soft rot parasite (P1;thi111n 11Uim111n) of potato 
causes destruction of the host tissue has led to nll 
attempt to find a toxin liberated by the pathogen. An 
assny technique using the impedance mcasmements 
described by the Plant Toxicology Section (Annual 
Report 1953-54, III.-15) has been developed, and the 
frac tionation of cxtrncts showi11g toxicity is in progress. 

(b) Loli um spp. Root Exudate.-Tbe appearance of 
arens of intense fluorescence aroun<l the roots of Italian 
ryegrass (Lolimn 11wllifloru,m ) when germinated on 
moist filter pa pc1· has been used for some years to 
distinguish i t from perennial rycgrnss (Lolium 
perenne) which exhibits no fluorescence. An investi
gation is being made of the chcmist,ry of this material 
in order to assist work 011 the genetical factors con
trolling t.be formation of the exudate. 

( c) Duboisia myoporoidcs.-A sample of Duboisia 
mvoporoides from Queensland has been fonnd to con
tain a previously unreported volatile allrnloid which is 
being investigated. 

(d) Lina.11uir·in and Lotaustralin.-The synthesis of 
Jinamarin and lotaustralin, the two cyanogenctic 
glycosides reported to occur in New Zealand white 
clover (Trifolium repcns), is iu progress. These 
glycosides will assist ,Yith the genetic studies on this 
species. 

18. P ,1.s-run:E INVESTIO.\ noxs, CAND.tmnA, A us'l·JUuAN 

CAPITA.I, TERRITORY. 

(Division of Plant Indust1·y.) 
(a) Pasfnre Utilization.-Ex,cept in most favom-ed 

climntic areas the rate of growth of pastu res (and 
crops for stock feeding) fluctuates widely t.hrougbout 
the year, and from year to year. The requirements of 
livestock also vary throughout the season, depending on 
the type of production practised, but these seasonal 
variations of feed demand nre of much less intensity 
than those of feed supply, nnd are relatively stable from 
year to year. Production of animal products is limited 
by the length of tho periods and intensity therein, of 
feed deficit, whether real been.use of an absence of 
plant material, or artificial because of lowered ingestion 

or digestion or both in tlie presence of adequate 
material. 'l'h_esc period~ of feed deficit by restricting 
ov?1:all. cnr!·ymg capaci ty in:t•posc a low degree of 
util1zat1on 1n the often rela tffely short period when 
the pa.~turc is excessive in quau t ity and adequa te ill 
quality, and result in an enormous ann11al wastage of 
feed otherwise potentially capable of conversion into 
animal products. 

Bxtrcmel_y few recommended mctl1ocls for increasing 
pRsturf, productioll bave been critically examined in 
relation to their worth fo1· animal •production. 
Examination of a heavily top-dressed phalai-i~
subterr:1nean clover pasture at. Canberra ( in com• 
parison with pastures of lesse1· productivity) bas 
iJHlicat e<l that the increased animal y ields obtained 
cannot be ascribed to the greater spring gl'Owth but to 
some decrease in the length and severity of the period 
of <lefii:it, plus an increase in the quality of the ingested 
material. High-prod uciug pastures mnke their greatest 
yield contribution wben lenst uecdecl, and tho increased 
cnny·o\'er of dry material into the subsequent period 
of deficit is of li ttle or no benefit. to the anim11l. 
The greater tluctuations iu seasonal growth by improved 
pastures therefore require complementary methods of 
mnnagumcn t if tl1C'ir greater potential is to be fully 
utilized by the animal. 

(b) Pashtre .lllanagemenl.-(i) Conservalion.-The 
practice of conservation of feed in excess of that which 
can be utilized by the animal whilst the pasture is at a 
nutritious stage of growth, to provitle feed for later 
periods of deficiency, alter s the p1·essure of gi-azing 
during the periods both of collection and feed-back 
of the r eserves. Long-term studies of t:Le beha viuur 
of the pastme under \ ario11s systems of consen·a tion. 
and increasing degree of u ti lization aud of their relation 
to animal ·production a!'e being continued. P 1·cviously 
repor t<id results of increased wool yields and doubled 
liveweight gains from the most highl_y utilized pasture 
have been repeat?d. E:rn':llination is a lso being made 
of the separate effects w1thm the process of high utiliza
tion, s1~ch os degree of defoliation, density of sum.mer 
vegetative cover, and return of an imal droppings, on 
the r ecovery of the p:1sture in subsequent seasons. 

(ii) Crop lnle?·position.-A field experiment has 
been commenced to measure the effect on the pasture 
~ncl re5uJ~ant animal production of periodically reduc
mg (,he mt_l'Ogen stnt~s by casl~ cropping, and thereby 
re-st1mulat.11!g the u1trogcn-fixmg potentiality of the 
clover constituent, A further o.xperimcnt is proposed 
to study the crop-pasture relationships in gl'llzin"' 
systems aimed at providi11g better standards of nutrt 
tion for breeding ewes. 

(iii) 'Types of Live-stock.-A study of the effects on 
pnsturc oi sLeep an<l beef cattle, separately and 
together, will be commenced in the current year. 

(c) Pasture. Jli_ixtm·e Trials.-The addition of 
.i}--grop'!/ron obt_usu1scu.lltm, Bromiis coloratus, B. 
i1w1·11iis, Da~lyl1s glomerala, and F es/ uca arimdinacea 
to a P_h alaris tuberos'.i-_Trif olimn s-nblerro neu.,n pas
ture 1111~turc gave 110 s1gmfic.:ant increase in total annua l 
prodt1ct1ou of herbage, but. the1·e were· seasonal cha no-es 
m growth rhythm. The inclusion of another pei-em~al 
grnss when sowing phalaris-subterranean clornr 
r,nstnrcs _may ha\'c application ns a means of combating 

phal:tns staggers ". 

. (d) Spacing ?'rials: Phalaris tnbcros11.-Greater 
y1~lds of phalans per acre l1ave been obtained from 
widely _sJ?accd J_ll:1111s th1:11 from r_loscly spaced plants. 
In ndd1t10n, w1de1· spa0111g pcru11ts better ,.,.rowth of 
subtorranenu clover, wbich futlier increases 

O 
yield ner 

acre. 1:' 

. (e) Medic St-uclies. - (i) Regeneration. - Cul tivn
!1011, dense cover of_ herbage residues, nnd iiTio-afion all 
mcrcased re-establishment of 111ecl1'r S b""t 
I . · . u Prranean 

c ovei" 1s less dependent on these variables. Imbibitiou 

J 
' 



trials have shown that medic seed r equires to t ake up 
twice its own weight of water for germination whereas 
subterranean clover required only its own weight. 

(ii) Nntrition.-Experimental plots in the Wagga 
and Temora nrcas have shown a marked response to 
molybdenum, and indications are that medics are more 
sensitive to deficiency of this element than is sub
terranean clover. 

(iii) Soi l F e1·tilily.- Over a four-year period a 
build-up of soil nitrogen has been observed. This will 
be translateJ iuto wheat yields in field and glass-house 
studies. 

Marked changes in soil structure have followed 
growth of pure grass and pure legume swards and 
can be correlated with macroorganic matter content of 
soil. Determinations of possible increases in pore 
space, infiltration, and percolation rates of water are 
planned as well as the rate of clcstmction of structure 
by subsequent crops. 

(f) Paslt11·e 8pec·ies Trial on Ri-verina Olay.-A 
trial to determine tbe suitability of 11 num ber of 
legumes for the Riverina Clay environment has been 
established. Thirty-five leguminous species are 
involved and the plots will be irrigated under the 
conditions that apply to a wimmera rye and subter
ranean clover pasture. 

ID. PAS'l'URE INvEsTIGATIONs, AninDALE, NEw 

Sounr W,\LES. 

(Division of Plant Industry. ) 
(a) Ecological Survcy.-Tbe field work in connexion 

with a survey aimed at providing background informa
tion on the climate, soils, geology, topography, and 
natural vegetation of the N cw 1':ngland region, as a 
bas is for a rational research programme in the region 
iB almost completed. A.s part of the survey a detailed 
census of the plants of the region is being compiled. 

(b) Past·11rn Ecology and Lhtlecological Sfodies.
Three years of monthly autecological observations on 
some 140 nntiYc pasture species will be concluded thia 
winter and the results compile<l to show the species 
distribution, phenological behaYiour, &c., according to 
soil type. A recording of the seasonal pattern of 
nitrogen, sulphm, phosphorus, and ca.lcium in 29 of 
the more important of the above species has been 
corn pletecl. 

Studies of the effects of winter burning of the native 
pasture have shown that the botanical composition is 
not markedly affected by this treatment. Dry-ma ttP.r 
production by the pasture in the summer following 
burning was rnduced 20 per cent., but by the next 
summer dry-matter production was comparable with 
thnt on unburned control plots. So for the effects of 
burning have been studied on ungrazed plants. It is 
now proposed to investigate the effects of defoliation 
following •burning. 

Plant competition studies have indiciite<l that with 
high seedling densities of snbterrnnean clover in tho 
au tumn, yields are depressed. There have also been 
}1igh mortalities of plants with high densities. 

(c) Gmzin,[J Management Stt1dies of Nati·ve 
Paslures.-The surplus summer production of native 
pastures is considered to reduce the grazing rnluc of the 
pasture in the following winter. An experiment is 
in progress in which the effect of various summer 
manacrernent practices, including heavy stocking, 
grazi;g with cattle, mowing, burning, and tl10 incor
poration of clovers, on the winter production of the 
pastme is being stud ied. Where a clover stand has 
lieen deve1oped merino weaners make good growth 
throughout the winter. In 1!)54 a liveweigbt gain of 
76 lb. per acre wns made where clovers bad been 
incorporated into the native pnsture, whereas the best 
gain ma<le _under nny summer treatment involving 
straight native pasture was 16 lb. per acre. 
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:Following an earlier grazing management experi
ment on native pastures, in which the deficiencies of 
this source of grazing wern <lcmonstrate<l, an investi
gation of the effects on production from sheep on 
uative pasture when offered different proportions of 
supplementary grazing on sown pastures was com
menced. 'l'ho second year's results, which confirm 
those of the first year, showe<l more than double the 
production per acre, in. terms of wool an<l total live
weight gains, from 57 per cent. of sown pasture ( the 
l1ighest proportion) compared with 4 per cent. of sown 
pasture ( the lowest proportion). During the first 
year of this experiment it was found that a young 
Merino sheep, dul'ing the age from six to eighteen 
months, was equivalent to 0.66 of a mature sheep in 
terms of the grazing pressure exerted on the pasture. 

(d) Irnprovernent of Native Pastures.-The incor
poration of clovers into dense native pasture with.out 
ploughing has, in general, proved a very satisfactory 
method of improving the pastures on non-arable land. 
However, if conditions are dry following sowing, the 
establishment may be poorer than that obtained from 
a sowing made at the same time into a prepared 
seed-bed. ln a preliminary study of this question, 
insecticidal treatment of the clover seed before sowing 
into native pastme improved establishment when con
ditions were adverse, and this lead is being followed in 
a test with a range of insecticidal seed treatmeuts. 

Attempts to incorporate commercial forage grasses 
into native pas tut·cs have not been successful in experi
mental sowing:,. This is thought to have been due to 
competition from the native grnsses, and further 
sowings have been made in which this competition is 
being kept to a minimum by mowing and grazing. 

(e) Species and Sl1·ains Trials.-Jueasurements of 
t.he productivity of ,·arious grasses and legumes baYe 
continued. Higher than arnrage rainfall over the 
past summer enabled a useful comparison to be made 
witb the product.ion during recent summer seasons, 
the last three of which have been abnormally dry. 

I n species survey experiments over a wide range of 
soils in the New England 1·cgion the results have shown 
as wide a variatiou in production of both grasses and 
legumes due to soil type as due to climatic conditions. 
The failure of many legumes to survive 011 some 
classe:; of granitic soil, eYen with adequate fertiliz
ing, lrns stresse<l the importance of soil moisture 
relationships. 

(!) Ley Paslures.-Tbe productivity of various 
short-term vastures and their effect on soil fertility i, 
being studied. With three successfre crops of oats for 
grazing y ields have declined considerably. Subter
ranean clover, although one of the highest yi~lding 
legumes, has not a rrested this decline whereas crimson 
clover has had a strongly beneficial effect,, 

(g) Plant Nidrition St·udies.-The survey of the 
plant nutrici1t status of the soils of the New England 
region is nearing completion. Only two of the soils 
dc:fined in the course of the ecological sm vey remain 
to be studied. In general, phosphorus is tl1e nutrient 
limiting plant g rowth ou the podzolic soils whatever 
the parent material from wl1ich they are deri,,ed. 
When the phosphorus deficiency has been remedied, 
responses arc. obtained to ni trogen and sulphur. 
13asaltic soils, on the other hand, respond principally 
to ni trogen with smaller responses to sulphur au~l 
phosphorns. 

In view of the importance of sulphur a s a plant 
nutrient in the region, emphasis is being placed on 
its study. The severe deficiency in sim ple sulphur 
l'ecorderl on soils derived from basalt fat the Liverpool 
Rang-e hns been shown to extend over 2,500 square miles 
of basalt country. In on1y one sample collected from 
this areas lrns any response to phosphorus been recorded. 
Studies o_f th~ rc~idt!al effects of sulphur dressing made 
to basaltic soils md1cate that one-year-old residues are 



about one-tlura as effective in producing plant 
1'0sponse ns a cun ent dressing given at the same rnte 
of original application. The possibility of replacing 
some of the superphosphate used with less expensive 
gypsum is being investigated. 

Rock phosphate ns a fertilizer for pastures has been 
investigated. In the second year after application it 
appeared to be more available to plants than in the 
first year when, compared with superphosphate, sixteen 
l.irnes as mueh rock phosphate was required to produce 
the same growth response. 

I nvestigations of the response of a phalaris-whitc 
clover pasture following renovation by ploughing dowu 
have shown that although there is a response to this 
treatment, as measured b,y total yields of dry matter, 
the. response is not large compared with that obtained 
from addit.ions of plant nutrients. Soil-exchangeable 
ammonia and nitrate levels are increased by ploughing, 
and the nrnilability of sulphur is also increased. 

N ative leguminous species are subject to conditions 
of low soil phosphorus, sulphur, and, in the absence of 
any strong evidence of symbiotic nitrogen fixation, of 
soil nit.rogen too. A study has been commenced, in 
pot; culture, of the response of a range of native legume 
species to phosphorus and sulphur. The response of 
the native species r elative to white and subterranean 
dovers will al so be recorded. 

(h) Clover }lod1tlation.-Satisfactory early nodula
t.ion of suhtenanean clover following sowings made 
on new land is often not obtained. Using strains of 
1·oot. nodule bacteria of proven value under laboratory 
conditions, an attempt is being made to determine 
Ilic enYironmental factors which prevent the rapid 
mult.iplication a11d the infcctivity of the culture strain. 

20. p ,\STU HE Ai'/ I) H \"TJHOLOGY lNVJ,;S'flGA TION8, 

DKNILIQUIN, NEw SouTn WALES. 

( Division of Plant Industry.) 
(f/) Ecology.-(i) Plo1·a of Riverine Plti·in.-The 

Hora of tlie .Riverine Plain has been mapped and 
described in detail. It would appear that physical 
~oil factors arc important in determining the species 
which grow on the shelf, depression, and puff 
respecti\'ely. 

Som(' of the fa C',tors concer ned are the soil moisture 
eontcnt a t. which wnter becomes available to pl:rnts 
and pal't.ic11larly to seeds ; the intensity of soil cracki11g 
whid.1 influences seed retention, moisture penetratio11, 
und the extent to which root systems are damaged; 
and aerntion of tha soil. 

(ii) Disclimax Grassland Associations.- An area 
01·iginally supporting eucalypt woodland on sandy 
loams, A1;ac·ia-Atriple:i; shrubland on clay loams, and 
11tr1:plex shrn bland on light clays now carried disclunax 
grassl1111d associations. The various types of associa
tion which have developed ha,,c been related to topo
graphy and textnre of the soil and to its water 
relationships. 

(iii) Wi11miera, Jlyegrass Sfo.dies ( Lolium subn
lntum).-Var ious problems associated with the growth 
of t.his species arc being studied in co-operation with 
Dr. }'. V. liforcer, of Sydney University. Determina
tions of air space in irrigated soils at Deniliqui11 
.suggest that low pasture production during winter may 
he caused by anaerobic soil conditions. Au experiment 
to asccrtaiJ1 the effect of anaerobic conditions and 
c·11rb(ln dioxide excess on growth and gross morphology 
in l,. subnlat11rn when grown in culture solution is in 
progress. The effect of anaerobic conditions on the 
salt respiration and accumulation in the roots of 
],. s11b-nlatu1n will be studied also. 

(b) A g·ronomy.-The establishment of rice seedlings 
was increased by 50 per cent. and of stubl,le-sown 
subternmean clover from 10 per cent. to 20 per cent. 
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in tho fom years following rice when gypsum at 2 
tons per ncre was i1pplied to an alkaline clay with 
an exchange rapacity of 25 mg. equiv./100 g. Treat
ment increased the calcium: sodium rat io of exchange
able and soluble cations, reduced clay dispersion, and 
improved soil structure. 

Improved est ablishment of inigated annual pasture 
was not reflected in increased yield. 

After four years under irrigated Rhodes grass, the 
water stability of soil had been restored to the level 
existiug befoi·e disturbance prior to sowi.iig. 

l\Iedic nnd subterranean clover trials lrnvc been 
(<S_tablis}rnd on various soil types to estnblish the suit
nbility of species and determine e.ulturnl practices 
useful for est"ablishment. 

Summer watering of p halaris-subtenanean clover 
pastures has resulted in a twofold increase. in plant 
material. There was sererc Jep1·ession of the clover 
and plrnlaris growth was coarse and unpalatable. A 
regular grazing treatment hus beCll introduced in an 
attempt to contol this coarse summer growth. 

((·) Pasture Ut·iliialion.-Experimental results from 
trials to inn~stigatc mathematical relationships for 
organic matter digested and feed nitrogen intake with 
foecal nitrogen agreed with Raymond's equation. The 
constant fo r regression found by Lancaster ( 0.8 ± .081) 
was not found to hold in the Deniliquin wor k, where 
the constant was 0.048 ± 0.0·11 in one trial and 
0.945 ± 0.019 in another. 

Tlie effect of rntioning intake on efficiency of 
utilization of a paspalum-cocksfoot-white clover pasture 
by Jlcrino lambs was inYestigated duriHg the autumn 
of 1 DS:;, B ody weigl1ts per ac1·e were inversely related 
to stocking rate, but wool production per bead per acre 
was not related in the same way. Maximum produc
tion of wool per head was at t he lowest stocking rate 
whereas maximum productio11 per acre was at the 
highest stocking rate. 

(cl) Pla,nf Inlroducfion.-A number of new intl'O
<l11ctions are beu1g investigated for suitability to the 
area: ~fotlll'a]. selection of phalaris strains is being 
stucl!ed m a 11J1xed sward, and seed multiplication of 
l'a111cmn coloraluin and Pou fridifolia, for future sward 
trials is in progress. 

le) Plant 1Vutri./ion.-Followi11g observations of 
poor growth and abnormal colouriu" of lucerne on 
se~·critl soil types, a series of major a:;d minor element 
tnals have been established at. three sites in the area. 

(f) Oenel·ics.-(i) Natm·al Selection of Subter
rcuwan C'lorer.-The aims of studies iuvolvino- mixtures 
of strains and m ixturps of hybrids are (1) t~ estimate 
the ,, a hi_c of hybridizat!on, in self-fertilizing species, as 
a t~cl1_mque for releasmg a larger amount of genetic 
variation than could be obtained from a mixture of 
the parents,. as a means of increasing the chauee of pro
dur.mg strams adap~ed to new environments; (2) to 
study the. changes lll both means and rnriances of 
morp_l1olog1c11l and physiological characters in tlw 
hybn<l eloYer plots subjected to different ein·iro11-
11:ie111'11) tr~otments, which study may elu cidate the adap
tn·e s1gmficanc_e of some . of tlic characters; (3) to 
deYelop a stram, or strarns, of subterranean clover 
adapted to morn arid conditions than at prese11t can 
snpport subterranean clover as a pasture species. 

Trial_s haY_e been established at the Falki11der 
Memonal F1rld Station, Berrigan, Euston, and 
Tooleybue. 

(i_i) AF2 IA1_cerne Spec-1:es and Stra.in T?-ial.--Two 
stra_ms of creepmg lneeme are being compared with tbe 
ordrnarJ: . "Hunter Ri~·cr" variety to determine 
ada,ptabJhty to the emr1romnent. Various measure
!ucnts for size a:1d yield a re made re.gularly aud flower-
ing data are bemg collected. · 



Ilesui]fa to date . i1,1dfoatt'. tlto g11peritority of' creeping, 
llncerne over the "Hm1ter River" '1:u:iety for s.pru1g, 
sur_nrner, a,l]_d autnm.H g1·ow!'h on hen,ry iwi] nt DeMili., 
~twi. Productinn. o( these sti•rums wil!l be corn]l':M·c.d 
under sward t~mnditiions at the l"alkinder 1i-fo1rnJ1•i.arl 
Fie1•l Station. 

(g) 11ydralogy.-(i) Vapour Not'ement in Soils.
DctG,nnfa1a!:iou o.f mclsoq1t;ic:rn isotherms fo1· sand 
sepa1·ntcs ra11ging from 0.07 to 1.0 mm. was nn.der· 
taken. The unsa tiS'faC'.tory nature. of conta]11e.rs u1<ed 
at high temperatures p1•·evc11tcd coucll!l&ive 1:es•u]ts: being 
ohtnine<l, 

(ii) 'l'iUing 'l'esl Plof;.-It ]ms been shown in. JHe
Iimiullrn_y e:-.~1icrirnent's, Uia.li: a flmne of 1 ft. width will 
give a satisfo,c.tor,v pnstmc- sward for tl'.ris .vmk. 

2:1!. PAs·rnn,H !NvEsTrnATION s rn \VEsTERN .A.cr,s ,TRUA. 

(Divfaio1t of Plant Indrnstry.) 
(a) Orazin.r, Jlla na.gemcnt of .A,nni'ull P1.islttre,s.-A 

trial at. Pel't!Ji, established in 1949 for the comparison 
of rontinno,us, and antumnadetetTed gra.z,iing 01i 3.l!l! 

:nn~,11::tl-i:.)1 ]!Je snlitena1vPan dover 1rnst1:1re, l1as bc.cri te.r
mfomtc.d . A stod:iru1• 1·atc 0£ 2 2/3' w·et.l1et· slrncp/a~te/ 
:ummn a.pprna.die-,,,; tiN~ U'llf.l!xfon~m llesiral:,.Jle fig:~r:!! £0:r 
this: ty11c. of past11tt~. }l{:.ipg,ut hi.:ome gras!11 (R·ro,m.11'8 
riyi:du.s).; alw,tys the dlo,n1inamt 1p·ass on. :mtmun
ifofene.d. trr:ml:mc1·1f.,, bet'.an:H.' tlw major grass emistit,uent 
on tli.e, eo1Lf.i.l.l!uuns g:n1.zi1]g treatment iu. 1954; Wimmern 
r_yegrnss failcil to pe:rnist.. Chemfoali :malyses ba.ve 
d.emonstua tedl Lhe . hi~h iprt1,t.eiin cm:1f'.e,]l t of ca pe-w·eetll 
rda tiiv-e to grass dmi.ing s11nu11rn1\ Furt.h.e1· e·videnec• on 
1.:efafore 1-:0Hsum.pt,fo1,1 lrn.s c.onfirmed that pala.trnbili f;y of 
s:ubterTn,nem1 clol"er during f,b.e gyowing, season does not 
cliiffor suhst.u,nt,fal[_y frmu. that of i~ape.-we.ed or n:nmrnl 
g,r::11s8 .. 

(I,} i:;'tndie& ,;m, Pcre.nni(tl (h·asses.c-(i) Plialaris 
tubm:o•sa .• -\Vida. s:paeing, e.spcc.i.ally wit-11 c:ult.i'.vaJi.on 
bet.~J1een. rows:,, 1ms c1J.11::;istm11Hy pi:od,uced hig,lrnr y.ie.M.s, 
per unit ai·eit 1J1:rn uarro,w spiiciug iJ and 2:.1, i1wcb 
ro-ws), 1mti] 19,54 wh(;a !.hem wai.s no, eviidleuJ dilfere11ec. 
\Vhile o: f11l'the1, !:ri1a1 im1ol,ving; fou r s,t l'aitus of Pha.la.ris 
blbera1s1t with and wif.b.uut. fortiilize,," nitrogen lrns not 
showu 11rn.]"ke<l diffe rences· itn stva.ia pe.rfonmurne·, t.Irn 
as.soc:iated voltmtcc.r aimmal.;: have r espo,mled to a,pplie.cli 
iiih-ogen, to nt k~a.st the smne clegrne ns t.lrn snwn 
pe1·c1mi11 l grass. 

(ii) Q/.}wr Ptrslu,n i Ornsses .. -.A tr: irnl at, Pt,Hhi, in 
wl1ich l ca.vy iJJ.!.c:1·mit.teut. gra.~ing: ,va.s impuscil on Hu"e(: 
grrusscs-Jf yptii-rhem'.a hi.rta., Ph,,:_la ris: ttcbe.ra,~a,, a ud 
Bhrha,rf,CJ, 11illo1m.-ovcr· n. foulJ"-ycai1: t:enn has ifomou.
st:rmted d,t,arly t1»t'. 11otenti::11l value of Hypa:ri-lum.ia as a 
pusttu:<:.:c grass-, Gen11i11atiolll is rn serious !rnrricr t.o 
eoo•i~omu.c d.e,1elop11i1e.111t. a.ml stm1ies. on this peohfom are. 
in1 µ,img;rnss.. The permn1,inls If:1t[HWrhe-n.i:ct hirw.,, 
P1wla.i•is f,u.beros,i, Etu·fuirta. cctl;ycinti, and' Ory:r:opsis 
mili.aG-0U 11!.te being sfa1diied uude.r iu tc1·rniM;en t g1·aziug; 
1,oth a.t Pe1:d1 am:11 Ki!_jom.1p, whi]st. P'lwl11.rLs tu,bcro,sa, 
u.ndl Ehrho,r/a. 1',(l:lychw, a.11:e bl\OW unde1t rot.a,tfonacl 
"'l'n,zing at Ko,jtrHlllll a t a stockiug· rate. of t.wo she,c,p/aere. 
The. po,lycross t.edrniqiue i1s bei.i~g used to build u.11 a 
H.oa-shcd{Jing straiiu of Ehrh,irta, l't1.lycin,1.. Some difli~ 
€:nlty wa.s eXJJt~rie1H:e,] im obuiin.]ng satiisfo.d,ory sun•h•al. 
of spri]1g-sm1'1J1, Ph~r. /',rrl'·is· l.rr.bm·o:iw d1.1riHg tlr0 tfrst 
zmmme1·. 

( c) S11ed.f!:s mui: S/;n1.in Tri,i./:S wiJ;h A.niuw.l.s.-(i) 
S,ib/;,:wnr.nerm G'lot>tw.-Strafa st,mli.es hath with single.
s,pruced plm:its and swanlls. a.re c-011ti]]uiug. A, swal'd 
t.daJ invo,J v i111g ftfteeu i,l;r a.iirn a ud esta.tili.she{n in 19&0 
has. 1ww beco1.ue g,1:11ss-dom.inant. Sitn.ce this fae!;or 
rriust 'be rnekoned wH]1 in l'ong-te,rm. strain assess,nent., 
t,lLe ti:i1rull will cont:i-1.111e fot· a.f, least a fmthe1· two years. 
w· oi·k fa r,onti,nuing en IL "'lni\l{" sward t6a]. sown iu 
195:t and e,011taiming 52 stl'11il)ls, 

(iii) Bronte. Oras,%~ .. -Tlrese grasses, in particular 
,mft bronrn (B. m,a/.lis}, a.pJD'ea.r prmnisi.11g foi: pasture 
use. Prelimina1.-,y fo,foi:mation of performa.l:l!ee under 
eont,inuous grnzi.1,1g iis bt~ing snugl~ f. on ei1ght strains 
of so.ft: Turome a.nd. also 011 a u,umb:er of other species. 

(.iii) Oereafa.-Vuriety t1:ials with whcllit, oat.s, and 
harley Jrn.,1e, been. eont:i1medl at K o,jo:rrnp. During 
the 1,g5,4. sea.SctDH, badey w:i,s superi.o~· to omt.s in winter 
produe tion, bnt inferior iH grain •pro(l.uction. The 
1'1.i.ghest gmin yields were record.ed i:n .'\.von. and Orient. 
The m.id-s(~asott whe-a.t.s ,11c:re s!ight]y bet.ter thau. Gabo 
andi Jnsig11in. 49 with eady [Jlirnthig, ailthougb the 
llu.tte:r two varieties we1·c oust.umling wft.l.1. lat,e planting. 

(d} Plcint 2Vul;1'ilio1~ Studi,M. - (i) Pot-cultu1·e 
Trials. P 'erlh.-Studi;es i11 pltosphorus 11til.iza.ti.on by 
1111Hua.l ]egmues. (1 rnpi1ls-, hmTe] m,edic, an.cl Dwalganup 
am] Bacchus M:a.rsh sub:teitran.e,a.11 do:ve1·) arn iu pro
gress usin:g su.perphosphate, t.ricalc:i.mn. v,Ftosplrai.t:e, and 
uoe,k J}hospha.te a,s som:ees. In 1rie.w of t.11.C, imp.ort,ance 
flf t11e phosphorus '" fix.at.ion. ,r 1wol:ile.m, wouk is in 
progress iu whfoh superphospl1al,e is .:, inm1t1ated" iu 
two, soil types un.de1· ,.,,a:rious, condi.tians. 

(ri) Z.'ie'ld Tri.itls, J{ojoiuip.-The imfl.uenc'.e of season 
on zinc response in. tlm~e stnt.in:s of snbteFrancan clover 
]S st.ill. m1.d.e1· in vestiga.tion. 

A e.ompiu·i:sou of a:.m.mal n.pplil~utions. of supe.r
pho-spl~ate with. a s'ing]e il1it.iSil dressim,g is e;o,n.tinuing 
on two c.ontrasted soil types. Percc11Lta,ge phosphorus 
uptaI:.es l'lave lx,en mal('kedly lower on. gu.velly Imteritic 
as eo-,mpared witli. sandy soil. R.e-suHs t,o date, fodicate 
no advantage of a1111.U!rul over biennial &pplic-:a.tiions of 
rmperph.os.phn.te. 

Tl~e we1~eeMtage ·phosphorus u,ptake has declined pro
gre1,.ll.iv-ely with srnp.e,q ,hosphate, hnt has remained 
a lmost; mi.rfonn ·with rock ]>l10&phafo overt three years 
i1] n. f;ria] d,esig.rmdl to study resid.u1al phosph11.te effocts. 

SulpJmi: td:wls ha,1e beeu cou.ti1med,, with th.e object 
nf cl11ltifying t;he relat.ionship, between. cu1f,ivat.iion and 
iml 1Jho,r respon.se. 

(c} Ei:ol>OfJ'!l of A111uwl-lype. }'t1;.s[1m>,1J.-St1mdies of 
faet.o,r s influencing fluetuat.ions. in the bobmical com
position of lWetii.tm•raneui a1rnual--type pastures are 
~erng co,111ti.uued. The ma1n. t"-'i.pcrimel!t cl!J,nC't'.H1S' phos· 
i:ilmt,e s.e.a.sou illlteractious. :Long-term. seasmwli effects 
a,·e a,lso. heiug esaI1Li1u~d. Sifoe:r gras,; a.ud s11bl,rt.1Taneau 
dover se.edlliugs showed. fow surdval i,n co,m_pal'isoH 
with eapc,vee.<1, Erodi-1t11t lf-atrys.,. and r·ipg11t; b1·,:m1e grass 
urntler ihou1ght. r,01.1J]itio,11s following Fehriuny rains. 
The ef:feet of time of. Wlsona.I 01ie•ning m1 eomposition 
is, beiing studied uud,er con!J'ol!e-<l. oondit im~,s a.t Perth. 
lti.pe:Ji]il11!'. of seed! af.!.er ha,rvest a ppears to be an 
im,po•l'tant fadoi- in t.h is co11liue.'lio1,].. The phenomenon 
has been. deinonstra(<.'.~ for a m1mhe.r of ,1olunteer 
:um(m.]s gi·own tmder We.,;t01·u Au!it.ralian ronditions. 

(f} Soil Fe.rtiWy fovestigati,ov:.s..-So:me rcsults are 
ltow as•ailable from ]m1g-tenn field triiails eommenced 
at Kojo1rnp in 10:iZ. Inc.reu.se in 1.ofa:l so,li ]Ii trogen 
was not re.la.ted to pr10duetim1 of subte1·ra11c:u1 clover, 
f.he: growth of whic.l1 wa.s c.ontrolle.d largely hy p'li,osphate 
swpply. 'T]1e rate, of hui].d-11p W-:JJS rllmo,st as great on 
tl1e extremely p,ll.osphorns-<lefi.eim·1t dovet plot~ as on 
those ade.q,nM,ely supplied. :llforeoverr f,his r ate wa~ 
irn b.g,t.anti.a ]~, cwen th.wing· th!' Yl'\llll' of r>n~11ing, viz., 
i;. 100 lh. tota l uit-nwen/ aerc-•i- in.. Fu.rtl re,w work on 
tt.hfs prohfo1u is in. pro,gress. 

Tb{', imflueneo of seeding r/l.te of subt.e.ntrnea1t1 clover 
011 b,1,_1illd'.-up of soil nitrogen was not prnnounced. 
Tlri.s- find.ing is of smn.e, iu teuest in vi.e,Y of the contrarv 
evhfenee of early fe.1,ti1lity bui]d-mp elsewl1e:re in Au;
ti,a]in,, 

A _n.mnl.ier of rda_ted, trial~ a.rc. ii~ progre.ss, including 
tX1e rnfilll~l1!ce of soil type on forhhty bmld-up under 
~1hterrnmeffiu do,ver past,ure, au<l the effe,c.t, of the 
graring aJ11ima,] per s.e, 
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Two experiments hnve been in progress siuce 1952, 
in which whea t is sown continuously on a reas pre
viously in clover pasture. In no instance l1as the 
second-year crop exceeded tlie first in yield, nncl fer
tility has declined rapidly with each succeeding wheat 
crop. 

22. P .ASTt:mE !NVESTIOATTONS IN SouTJr-EASTERN 
QuEICNSLAND. 

(Division of Plant Industry.) 
(a) Coastal Lowlands.-(i) E cological S urvey.

The main objective of gaining an understanding of the 
overnll enviromneut of t he r egion and of subdividing 
it into its component nntural units of geology, topo
grnpl1y, soils, vegetation, and climate, h:is now been 
almost attained. Similar country to the coastal low
lands of southern Queensland extends sout hwards 
almost as far as Sydney. Thus studies of n11triei1t 
deficiencies and pasture mixtures in progress may have 
a fairly wide application. 

(ii) Pasture Species ,111d Jlli.-i:l1tres.-Work is con
centrnted at Deerwah on two soil types that a rc typical 
of large tracts of country. Most nttcntion is being paid 
to a relict sandy lateritc soil. After nutrient deficien
cies of major and minor clements were corrected, the 
best grass species u ucler g:-azing were P aspafom 
dilalalttm, P. commersonii, Brachiaria ]JUrpurasrens, 
nnd Chloris _qayana, and the best legumes were white 
clover :md Phn.seolus la.lhyroides. A tota I grazing 
equivalent of 4.54 sheep per ac1·e per annum bas been 
obt ained. 

Two species of legumes which are giving good 
results are Incligofera endecaz,hylla and Desmoclimn 
uncinatum, nnd these have gfren tot al yields of dry 
matter per acre over the year of 5-! and 20.5 cwt. 
respectively. The normal growtb of most leg umes is 
now being obtained owing to the right application of 
Rhizobimn strains. 

Calcium dressings have been shown to he essential 
for successful clover growth on t hese coastal soils. 

Eight grasses were each sown with three legumes, 
I. endecaphylla, D. un.cinali/,m, and Stylosanthes 
bojeri, and tho mean yields of dry matter of :ill eight 
grasses with t he thr ee legumes were respectively 32, 
30, and 17 cwt. I. erulccavliylla produced the most 
nitrogen and the return from the i:;rnss growing with 
it was of tho orJer of 20 lb. of nitrogen per acre. 

'l'he work a t Cahoolture with the P. dilatatwn sward 
on a peaty sa nd has shown a low recovery (30 per 
cent.) of applied nitrogen in the hel'bage, but a dress
ing of 400 lb. N per acre gave a three and ll half
fold increase in y ield of dry matter from 2,000 to 
6,900 lb. por acre. }:>Jots well supplied with nitrogen 
were able to w ithstand frequent cutting and tho grow
ing season ,vas nlso extended. 

(iii) Plant Nutrition.- Some of tl1e fertilizer tl'ials 
are now in their third season. Plots r eceiving compre
hensive fertilizer tl'ea tment suppor t :i. good pasture 
of white clo,·er and P. dilalatum. T his pasture is dense, 
productive, nnd uncontaminated by invading species. 
Tho fertilizer treatment necessary to produce this 
r esult consists of superphosphate, lime, potash, and 
copper. Zinc and molybdenum play a minor role. The 
efficiency of the clorc1· in supplying n it rogen is 
reflected in the high yield of grass. Supplementary 
dressings of superphosphate and potash at lC'ast a r e 
necessary to maintain the clover a t a high level of 
production. 

New experimentation on a forest soil has bceu 
initiated and excellent growth of white clover has 
been obtained, but as with the other soil, this has 
occurred only where comprehensi\-e fertilizer treat
ment has been used- Yiz., phospho1·us, calcium, potas
sium, copper, sulphur, and molybdenum. 

There is no doubt that legume and grass species 
can be established on these soils provided adequate 
plant nutrients are odded in suita ble combination. 
'£lie next important step is to main tain these pastures 
nt maximum production. It is anticipated thnt main
t enance will be high in at least the first few years. 
However, with the use of the grazing animal a more 
sta ble cycle of plant nutrients may be established. 

Differences in response to plant nutrients by differ
ent plant species bave been found. A. programme of 
l'eseareh into the critical values of nutrients for the 
species invoh·ed and also into the critical levels for 
tho appearance of symptoms of nutrient dificiency 
and excesses has been sta1·ted. 

Pot culture exper iments have shown that resulh 
obta ined a t Beerwa h (50 miles nor th of Brisbane) 
may be applicable to other soils in the coastal r egion 
-e.g., :Maryborough ( 150 miles north of Brisbane). 
Qualitativcl,y tlie results agree, differing only in degree. 

( b ) S pear Grass (Ileteropogou contortus ) R egion. 
- Exper iments are in progress ot "Rodds Bay", 
"Br ian P ast~rcs " , and Lawes. Of fourteen grasses 
an<l nine legumes which hnve been t ried in mixtures 
nnd pure swards, the most successful grasses were 
Paspalum scrobinc1tlaltlm and P. plicaftl lum, alld the 
most successful legumes Phaseol11s lafl1yroides, S tylo
sanllies gracilis, and S. bojeri. The mean y ield of dry 
matter of eight grasses was 19.6 cwt. per acre without 
n legume, nnd 29.5 cwt. per aero with P. lalliyroides. 
P. lalhyroides increased g rass y ield by 9.9 cwt . and its 
own y iel<l was 9.8 cwt., gh·ing a total increase of 19.7 
cwt. of d ry matter. S. gracilis a nd S . bojcri had a 
similar but smaller effect. 

S tudies with soil from the experimental area at 
"Rodds Bay " have ind icated that phosphorus, sul
ph ur, and molybdenum a re needed for the growth of 
P. Lathyroides. T he main deficiency is phosphorus. 
E xperiments with other soils have also been clone. On 
11 granitic soil at" Takilberan Station", near Gin Gin, 
lucerne est ablished bu t subsequently died in the 
absence of calcium carbonate. An addition of 10 cwt. 
per acre of calcium ca rbonate. resulted in growth and 
persistence of lucerne. In pots of this soil P. latbyroides 
responds to phosphorus, calcium, and molybdenum. 

A t "Dr iau P astw·es ' ' , near Gayndah, work has 
commenced on soil derh·cd from granite. P. lathy-
1·oides on this soil in the field exhibited an unusual 
type of chlorosis whicl1 pot experiments have indicated 
may be due to lack of sulphur. 

(c ) Sown Pastures on B lack S oils (Cooper Lab01"a
tory, Lawes ).-(i) Lucerne and Paspalum commer
souii ( S crobic ) .- With scrobic an increased y ield of 
herbage is obtained from cultivated rows compared 
with swards. This advantage is not derived from con
sen ·ed soil m oisture, since th is is never reduced to a 
critical le,•el. The production from a sward of scrobic 
cn11 be raised to rela tivcly high levels by the applica
tion of sulphate of ammonia or the inclusion of an 
annual leg ume (Phaseolus lathyroides ). Undergrazing 
a mixed pasture of scrobic and P. lathyroides is d ifficult 
to m aintain, and it becomes Yirtunlly a pure stand of 
grnss within two years. 

Where grass and legume are mai.JJtained in scparat~ 
pure stands nnd the animals a re allowed free access 
to each, i t is possible to keep both the an imals and 
tho stands of pasture in good condit ion. Such a tech
nique might nllow the use of species that have been 
discarded because of inabili ty t o grow in associat ion. 

(ii) Digestibility of . Selected Subtropical Past ure 
87Jccies.-:Most subtrop1ca 1 grasses 1ll'e very low iu 
protein duriug the winter and it has been shown 
that . any _grass with. loss than 6 per cent. crude 
p rot~m ,n il not sa tisfy the protein maintenance 
r~qmrement~ for adult sheep. T he work bas em pha
sized the importance of suitable grazing legumes 
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µerticularly during the winter and early spring periods 
when pasture growth is slow and quality poor. In 
addition tl1ere is a need for subtropical grasses with 
high digestibility and potential1y high intnke when 
supplementary protein is provided. Two grasses, 
P. commersonii and Urochloa p1illitla'Tls, are likely to 
meet these requirements ; e.g.1 when sheep were fed 
poor-quality P . commersonii hay, the intake of non
protein foods was below their maintenance r equire
ments for a period of approximately four months, 
but a small supplement of green lucerne ( crude protein 
19 per cent.) increased dry matter intake by 300 per 
cent. Techniques in the indirect measurement of 
digestibility and intake of pasture forages are being 
i11 vestiga ted. 

Faecal nitrogen, chromogen, lignin, and crnde fibre 
have been used as markers, and all have so far pl'O\'ed 
unsatisfactory for subtropical grasses. The data show 
a good correlation between the total daily output of 
faecal nitrogen and the dry weight of feed ingested. 

(d) Sown P ast1ires on Sandstone Ridge Soils 
(Cooper Laboratory, L awes).-The pasture develop
ment studies on the sandstone ridge soils of the Lockyer 
Valley have been continued. The soil on the Bundam ba 
series bas shown response to phosphorus, molybdenum, 
calcium, and copper, while the soil on the Marburg 
series has shown similar response, but to a much 
smaller degree. With Phaseohts tbe main response is 
to phosphorus and molybdenum, but with Nedicago 
species lime plus the proper stl'ain of Rhizob·imn has 
given a spectacular effect. 

( e) Plant Biochemistry.-An investigation of the 
toxic principle in Indigo/era, endeca phylla is in pro• 
gress. Overseas workers have identified ,8-nitropro
pionic acid as a toxie constituent of this plant and the 
work here has shown that this substance occurs in all 
the st.rains of I. endecaphylla grown. .A. chromato
graphic technique was developed for the detection and 
semi-quantitative estimation of small amounts of this 
acid in J. endecaphylla. Leaves at the early flowering 
stage contain 0.08 per cent. ,8-nitropropionie acid on 
a dried weight .basis. 

Work with the toxic alkaloid mimosine, which is 
found in Lencaena gla,nca, hns shown that paper 
chromatography can be used as a rapid and sensitive 
method for its detection. It is proposed to follow the 
variation in mimosiue content within and hetween 
strains of L. gla1tcn. 

Work on the nitrogen metabolism of I. endecaphylla 
and white clover is being done, using an 80 per cent. 
ethanolic extract. Amino acid content is being 
examined 11sing two-dimensional paper chromatography. 

Liii;nin b as been used as an "indigestible tracer " for 
the determination of digestibility in feed intake with 
the grass species Pasz;almn commersonii, Panicum 
maximum, and Urochloo, pull1ilans. Sheep were used 
as the test animal. Thero was a low recovery of lignin 
in the faeces. The results of three digestion trials 
indicated tliat lignin is not a suitable marker for trials 
with subtropical species. 

A technique has been developed for the rapid deter
mination of calcium, potnssium, 1md phosphorus on 
o. single digest of plant material. Suitable aliquots 
ore taken and tlrn potassium is estimat.ed by flame 
photometry, calcium l1y complexometric titration, and 
phospohrus colorimetrically_. Tl1e scop~ of analyses 
carried out for colleagues m other sect10ns has been 
widened to include the determination of sulphur, 
manganese, molybdenum, and boron. 

The effect of potassium deficiency on the free amino 
acid content of Phaseulus la-thyroides, Desmod·ium unci
natum, lucerne, nnd white clover h as been studied. 
Putrescine has been detected chomatographically in 
each of these plants. In addition, the nmount of 
dicarboxlic, aspartic, and glumatic ncids in the 
potassium-deficient plants was very low, while the 

amide content was higher than that found in the 
normal plant. A striking effect of the addition of 
potassium, at luxury level, to the free amino acid con
tent of the potassium-starved plants is the very quic:k 
build-up of the dicarboxylic acids. This work is bei'ng 
extended to include the effect of deficiencies of some 
other essential elements 011 the free amino acid contents 
of plants. Pronounced effects have been recorded in 
the case of both magnesium and sulphur deficienciec;. 

This approach to tl1e study of metabolism will 
include the measurement of other metabolites such as 
organic acids, a-keto-acids, and amines, and some pro
~ress has been made in the development of techniques 
for their measurement. White clover is at present 
bein~ used as a test plant in this work. The effects of 
deficiency of potassium, magnesium, sulphur, iron, 
manganese, and zinc are being examined. 

(!) Legum.e Bacleriology.-Field collections have 
been made of nodnles from miscellaneous native and 
cultirntcd leguminous species, and the bacteria subse
quently isolated in pure culture. A collect.ion of cul
tures lias now been amassed from which to dra,v 
experimental material as required. 

Some time l1as been devoted to techniques of test• 
ing .Rhizobi1im strains for effectiveness, particularly 
as tl1e standard test host for most of the strains 
required in a subtropical arra is the cowpea, which 
grows too large for manipulation in tubes. The stan
dard Ullited States Department of i\griculture tech
nique of a dolomi te-sand mixture irrigated with acid 
culture solution has proved unsatisfactory for many 
test.s. .A rapid screening technique for isolates from 
nodules h as been developed in whid1 ,·ermiculite in 
tubes is used as a growth medium and Phaseolus lathy
roicles us a standard host instead of cowpea. 

Work on nodulntion habit,s and effectiveness of 
Stylosanthes spp., particularly S. sumln.ica and S. 
gracilis, hns been commenced in view of the potential 
importance of Stylosonthes as a legume in spear grass 
areas. 

(g) Plant Breecling.-The legumes being grown at 
Strathpine Experiment Station and elsewhere l1avr 
lieen examined for their field resistance to the "littfo 
leaf virus" which is allied to "tomato big bud" and 
'' witch's broom" of h1cerne. Tl1e more promising pas
ture legumes such as Phaseolus lalhyroides. lndigofera 
enclecaphylla. and L<mcaena glaura al'c field resistant 
to "little leaf virus ". Desmodimn, 1inr.inn.tum is sus
ceptible to the virus but tbe strain (O.P.I.) S0!lO has 
the ability to grow away from the virus, and D. 
in/-ort111n is quite resistant. Most of the genern contain 
both resistant and susceptible species, so that materia 1 
is available for any breeding project on "little lenf" 
resista nee. 

The mode of pollination has been studied in a 
range of sn btropical legumes hy bugging experiments 
and the dissect.ion of buds at di·fferent stages of develop
ment. P. lathyro,icles is dosely self-pollinated and 
pollination occurs when the buds are relatively small. 
No variation has been found as yet in this species. 
D. micinah1m and J. endecaphylla. are two species in 
which tripping takes place so that both self- and cross
pollination can occur. A high percentage of humidity 
of appro:dma tely 90 -per cent. is required for the 
pollination of seed-setting in most of the subtropical 
pasture legumes. 

A breeding programme is in progress to develop 
strains of I . enrlecophylla which are free of the toxic 
principle of ,B-nitropropionic acid. A cross lrns been 
made within the genus Phaseolus. This will give a 
variable population for selection. 

In L. gl<mca most of the plants tend to be of the 
same type but recently two variants have been found. 
These will be used for crosses with the comm.on type. 
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Tl1e Phalaris allop olyploid bas proved to be of some 
promise and selection of the ~est perennial types. is 
proceeding. Other grasses which have been ~tudied 
are included in the genera Paspalmn, Setana, and 
D·igil;aria. Apomixi s still prevents progress in Pas
pti l711n, but both Digitar-ia and Setaria are cross-polli
nated so t hat selection work caJ1 proceed in these. 
Breeding work has a lso been done on lucerne. Rbizo
matous types have been developed and these arc being 
multiplied for further testing. With white clover a 
study is being made of a large number of strnins with 
a view to dc\·eloping iypcs bet.te1· adapted to coastal 
conditions. 

23. BIOPHYSICAL RESEAltCH. 

(Unirnrsity of Tasmania,) 

(i) The investigatiou of the electric fields associated 
with growing plant tissue is continuing. Using 
automatic r ecording a pparatus developed in the labora
tory, attention is being mainly directed to the periodic 
rnriations in electr ic · pattem which are sometimes 
observed to be associated with a growing root. A 
recording growth meter has also been constructed which 
det ects growth of a rapi<lly elongating root in a few 
seconds. 

( ii) A study has been made of the electric proper
ties of large plant cells with particular reference to 
the potential difference across the tonoplasr and plas
malemma. This has been done by the use of micro
electi·odes implanted in the cell. There is practically 
no potential difference across the tonoplast, which is 
contrary to some theories of the origin of these electric 
fields. 

(iii) Studies of the regeneration of several plant 
npices have been conducted in the laboratory. Apical 
fragments as small as 0.001 mm3• (about 600 ce1ls) 
have been found to regenerate into complete plants 
when cut off and then replaced on the stem. 

24. FODDER CONSERVATION. 

(Pinnt Fibre Section.) 

( a) Chemical I nvestigations.-Routine methods of 
chemically evaluating fodder have been used to examine 
some hundreds of sa mples from various haymaking 
trials. Concurrently with the routine analyses for 
crude protein, crude :fibre, crude fat, ash, n itrogen• 
free extractives, and carotene, a study is being made 
of the effects on the results of different methods of 
preparation of the sn.mples including drying, grinding, 
and storage. 

:More detailed methods of chemical analysis are now 
being e::rnmined, including the determination of such 
constituents as methylene chloride solubles, benzeuQ 
o.lcohol solubles, uronic anhydride, ligniu, pentosans, 
and pectins. 

(b) Physical I nvestigations.-Studies have been 
initiated to provide a ho.sic background for investi
gations of haymaking. These include work on moisture 
content equilibria of fodder plo.nts, drying curves for 
different components of plants, mechanical methods of 
separating the fragile from the tougher portions of 
plants, and the mechanical strength properties of 
various pasture species at different stages of maturity. 

(c) Jvfi crobiolo,qical l nvestigations.- Tbis work is 
r ela tecl primarily to silage fermentation. So far, it 
has been concerned mainly with the factors influencing 
the development of bac teria producing lactic acid from 
fodder crops ensiled in laboratory silos, and by means 
of• a special test-tube techni ::j11e. During the work 
predommant strains of the lactobacilli have been 
isolate1 in pure cultur e for iJ1vestiga tion of their mor
pholog1cal, cult~ral, and p~ysi_ological characteristics. 

(~) H avmal..~1.n g Investigations.- The P lant Fibre 
Sect ion has co-operated with the School of A O'rieulturc 
of the. Universit:v of M elbourne in haymaking trials 

nt the State R esearch Farm at W e r ribee and at tl11'! 
C ommonwealth Scien tific and Industrial R esearch 
Organization Field Station a t Cobram. The object 
of the t rials has been to dete r mine the effects o:f time 
nnd me thod of raking on the characteristics of the 
windl'ows fol'med, their rate of d rying, mechanical 
losses, and change in chemical com p osition. 

Some preliminary exper iments have been carried 
out at Tooradin on the value of crushfog fodder crops 
with rollers after mowing. 

( e) E nsilage I nvestigations.-Considera ble work 
"·as ent ailed in developing laboratory silos which 
would permit the accurate control of t he various factors 
wh ich may influence the production of silage. A satis
factory unit has now been designed and 48 of these 
a re now available for invest.igational purposes. 
P reliminary trials with perennial r -regrass, clover, and 
lucerne have shown, amongst ';itJ1er things, the 
advantages of using chopped m at;:rial in silage making. 

The establishment of s::iti~fact ory methods of 
sampling and analysing silage for such constituents 
as volatile bases, volatile acids, a n d lact ic acid has 
prnYe<l more difficult thau was an ticipatecl. 

25. E VAPOTRAN SPIRO).!ETER, 

(Central Experimental W orkshops.) 
In collaboration with t he Irrigation R esearch 

Station, Griffith, equipm ent has been developed at the 
Central Experimental Workshops fo r the measurement 
of evapotranpiration from a g r owing crop. Measure
ment by direct weighing has been used in preferenc~ 
to the altemative soil tank method, and the aim has 
been to produce a simple an d inexpensive piece of 
equipment, capable nevertheless of reasonably high 
accuracy, rather than an el a biirate and extremely 
sensitive apparatus. 

Although the equipment by its very nature has some 
inherent features which m i litate agains t ex treme 
accuracy, it has been possible in fie1d tests to detect 
with it changes of weight to an accuracy of rather 
better than 0.2 per cent., corresponding to a bout 0.013 
per cent. of the total weight of the l oaded equipment. 
A d escrip tion of the apparatus will a ppear in a forth
coming i ssue of the Australian J ourna l of A o-ricultural 
Research. " 

26. N URSERY T HRESH:ER. 

(Central Experimental Wor kshops.) 
A requirement hns existed for many years for special 

machinery for harYesting and threshing seeds from 
small e:s:perimeuta.l plots of pasture g r asses and cereals. 
A number of machines have been developed in the 
past at different research establishments, mainly on 
the basis of trial and error, a n d mainly for use with 
cereal cr~ps. The _presen~ need within the organization 
for ma.chines of this type 1s largely for use with grasses 
where the problems involved are rath er different fro~ 
those associated -with cereals, owing to the smaller 
seeds, the stronger stems, and frequently the greater 
difficulty of threshing. 

As . part of a prog~a.~me for the development of 
mach~nes for the Dlv1s1on of P l an t Industry, an 
cxperuncutal nursery threshe r bas been constructed 
at t he O_entrnl E_xper~ental Wor kshops : details of 
the machme are given 111 Centr al E xperimental Work
shops li~temal Report No. 17, o f Apr i l, 1955, "Nursery 
I-Iarvestmg and Threshing .Machine ry for P asture 
Grasses an d Cereals". T he aim has been to build a 
:nachi~1e which will handle a w ide var iety of grasses, 
mcludmg clovers and m edics, ,,hich up t ill now ha~,e 
generally had to he rubbed out by han d. T ests carried 
out at Canberra ha,,e shown t hat th is aim lrns been 
largely realized, and it is understood that the division 
now intends to ha ve n number of nd<lition al similar 
machines manufactured. 
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The production of crops under irrigation r~qui_res 
specialized techniques, and the continued application 
of water to the soil can result iu problems not encoun
tered in dry-land agriculture. The deterioration of 
land under irrigation is II world problem of great 
magnitude. 

Fo1· the study of ways in which irrigated land can be 
made to keep its fertility, and waterlogged la1_1d ~an 
be reclaimed the O1•0-anization lrns two Irngation 
Research Stations: the Commonwealth Resear~h 
Station (Murray Irrigation Areas) a_t ~erbein, V1c
t.oria, on the Murray River, and the Irngat1on Res~arch 
Statio11 (Murrumbidgee Irrigation Areas) at G_r1ffit~, 
New South Wales. The work of these two stations 1s 
reported in this chapter. 

Hesearch into soiJs and their behaviou~ under ir~·i9a
tion has heen carried out at, both Merbem and Gnfhth 
in close co-operation with the DiYision of Soils (see 
Chapter II.). 

Studies of ini(Tated pastures are carried out at 
Deniliquin, New 

0

Sou th Wales, by the. Division of 
Plant Industry (see Chapter nr, Sect10n_ 20) , and 
other investio-ations of irrio-at10n techmques fo1· 
northern tropicnl a reas nre ca~Ticcl ?ut, by the L~11Cl 
Research and Regional Survey Section at the Kim
berley Re.search Station near "\Vynd~iam, ·western 
Australia (see Chapter XL, Section 3) . 

Irn:glllion Research Stalions.- Dnring the ~urrent 
year tbe Oro-anizat ion's interests at Merbem and 
Griffith have been 11malgamated. :Mr. F. Penman is 
now responsible for the dire~tiou of tl~e joint Irrig~
tion Research.Stations as Semor Officer-rn-charge. Tins 
move is expected to result in more effectiv~ investiga
tion of inirration problems by concentration of the 
resources of ~ach sta tion on particular aspects. 

The Irrigation R esearch Stal;ions serve an irrigated 
are.a of orrhards, vineyards, and vegetable farms 
totalling 100,000 acres prod1:c~ng an e~timated 
£15,000,000, per annum. In adchtion th~ s~ations ~re. 
interested in more than 250,000 acres of 1rngated nee::, 
wheat, and pasture land producing more than 
£6,000,000 per annum. An imp_ortant yroblem of 
irrio-ntod lands is that of nematode mfestat10n of crops. 
Kn;wled•re of .Austrnlia.n nei:natology was augmented 
tJonsider;bly by the appointment to M~rbein of. Dr. 
;r. W. Seinhorst, of the Phytopathologwal lnst1tutr, 
University of W ngeningen, Hol1n1;1d, _a~ a Research 
Fello,v for six months. During h1s vis1t, demonstra
tion of new nematological techniques was giYep as part 
of n week's discussion group arranged for mterested 
officers of State and Commonwealth Departments and 
Universities. 

Other visitors to Merbein were Professor H. P. 
Olmo, Professor •of Viticulture, University of 
California and Professor J. Thorpe, formerly of 
United St;tes Soil Survey. Messrs. S. A. R. Alljaffree, 
Director of Lands, and Raja Aszam, Commissioner, 
of Malaya, visited Griffith Station under the Colombo 
plan. 

A report has been made to the Commonwealth, 
New South Wales and Victorian governments recom
menclino- thnt a future policy for dried vine-fruit 
o-rowin;' areas of the mid-Murrny. These areas include 
the ir;igation settlements of Goodnight, Koralcigh, 
Nyah, Tresco, and Woorinen. The Merbein Station 
represented the Commonwealth Gov~rnment on the 
eommittee, set up i11 1!153, chnrged w1t.h the prepara
tion of th is report. 

Commonwealth representation on the Irrigation 
Production Advisory Committee ·now includes the 
Senior Officer-in-charge, Irrigation Research Stations, 

who is also a member of the Australian National 
Committee of the International Commission on 
I rrigation and Drainage. 

Formed to promot e the investigation into the 
deterioration of land by water logging and soil salinity 
in portion of the Swan ~ill flats, the_ Sw~n Hill 
Irrigators' Research Co~m1ttee h~s acqmred its_ own 
p roperty. This farm will be o.va1lable for. contm~tal 
use by investigating authorities. The Merbem Stati~m 
is represented on this committee. 

The Gr iffith Station continues as a co-operative 
concern in which the Organization and the W uter 
Conservation and Irrip:ation Commission of New Soutu 
Wales a rc partners. The Commission makes an annual 
contribution towards working funds for the station. 
Co-operative investigation between the two bodies has 
bco-nn on the assessment of behaviour of tile drainage 
in;tallations recently established in the Murrumbidgee 
Irrigation Areas (ALI.A.). 

Close relationships continue between the Merbein 
Station and the dried-vine fruits industry. Annual 
contributions of funds are made by the Commonwealth 
Dried Fruits Control Board, the Mildura ,Packers' 
Association, Co-operated Dried Fruits Sales Proprietary 
Limited, and the N yah-W oorinen Inquiry Committee. 
Both Merbein and Griffith Stations haYe co-operated 
during the year with the Division of Meteorological 
Physics in frost control inYestigations. Arrangements 
for joint participation in field days and in investig~
tions on fruit drying were made between the Merbem 
t,tations and Departments of Agricultme in Victorifl 
and New South Wales. 

2. 1ifERnEIN. 

(a) Irrigation, Soil Preservai:ion, anrl Reclamation. 
--Drainage investigations at R enmurk were continued 
duriug the year, with further ground-water obsen1 a
tions and with soil and vine sampling. The general 
flow pattern for the part of the district covered by 
the piezometer grid is now well established, so also 
is the seasonal cycle of water levels and the influence 
of several different methods of drainage. The heavy 
soils are now known to have too low a vertiral perme
ability to he generally suited to drainage by lowering 
tl1e water pressure in the underlying sands. Lighter 
soils hnve responded where there is sufficient lowering 
of water levels in the upper part. of the sand bed. 

Where the lighter soils have a clay layer separating 
them from the main sand bed, lowering of the pressure 
level in the sand as by pumping from bores or from 
spear-point batteries is less likely to be successful. 
However, during the past year several drains h,n,e 
been operating successfully in a Bookmark loam, ,vith 
a clay layer a few feet below the drains, the files being 
supported by wooden battens and surrounded by a 
screen of coarse sand or fibrous material. These drains 
have given a rapid lowering of the water-table 
without becoming clogged by fine sand. 

During the year the drilling equipment was trans
ferred from Renmark to Swan Hill, where some of 
the irrigated pastures on the river :Bats suffer water
logging and salinity troubles. Work has begun on the 
farm controlled by the Swan Hill Irrigators' R esearch 
Commit tee. Test wells have been installed there for 
water-tal)le readings, and soil permeability measure
ments have been made using the auger-hole method. 
Deeper borings have found saturated sand under most 
of this farm. aud piezomet.ers have been placed in 
t;hese deep holes. 

(b) Land Use.-New land is still being dcYeloped 
in the Murrny region for irrigated pastures and ho1·
tieulturc, and the Research Stati011 has Hdvised on 
suitability. Soil surveys covering a total area of 880 
11C1'PS have been carried out during the year in New 
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South Wales for horticultural group settlements, and 
4-50 acres in Victoria for irrigated pastures for a 
large pastoral company. 

'flH! Merbein Station r epresentati,re has been Chair
man of the W akool Land Use Committee durin/? the 
past year. Extension of the activities of this Com
mittee to embrace other areas such as Denimein and 
Deniboota Jrns been a~rced upon, if landholder associa
tions in such areas so desire. The chief concerns during 
t~e year ha,•e been the development of dangcrousl_y 
lngh water-tables on portions of th e Tn1la settlement 
and consideration of land use in relation to this 
problem. 

One of tlrn pl'oblems of land use is the re110,ation 
by irrowth of pastures or lncerne of Wool'inen land on 
which vine 11:rowing has been ahnndoncd. Two sites are 
being ronsidercd; sown down nearly seYen years ago, 
one will be plantrd to fruit. trees this spring, the other 
mny be kept under grass for some years longer. 

(c) 1Torticulh1re.-Snltana hud examinations in 
:Mn:v. l054, revcalrrl th11t 62 per cent. of burls were 
frnitfnl-a ver.v hi/rh fip:nre. · Tl1is was verified hy 
examinntion of the vines after bud burst in spring. 

A se,·ere h11il-storm in November cau~ed extensivo 
dnmae:e to sulta11a vines in some parts of Sunrny~ia. 
Differential nruning- treatments applird ju~t nftPr the 
hail-storm showed tliat canes from lateral rontinnn
t ions ari~inc:r from shoots spurred to bnrl nositions six 
to ten yielde.d 55 per C'ent. frui tful budi: eomnarerl 
with 34 per cent. from otl1er treatment~. The ~11ltann 
bud examination on normRl vines in }.fay. 1955, has 
shown 52 prr r ent.. fr11i tfolness which, with normal 
w<>nther ('rmrHtions, will result in a good crop in 
autumn, 1956. 

F1·11itfnl11rs~ stndies in s11ltana~ liavr proved to he 
a rrlinble i11di<'atio11 of rli~trict. yield which is r11n ent.ly 
worth around £6,000,000 per annum. Yirlds of 
sultanas 11npear to lie related to l1onr~ of hri<?h t i:1m

shine, whicli h Ave he('n recorded at the RP~earC'l1 St:itinn 
sinre 1!1!H. Thrre is fl rorrehition cnPfficirnt nf 0.76 
for yi<"l rl in Merhein district anfl s1msl1ine for Srntem
ber. Ortoher, and the fil'st half of Novrmber fifteen 
month~ 1winr to lrnrvest anrl of -0.51 :i for yiPld And 
snMhino for the some -period 27 months previously. 

Thr s11ltnna prnninrr trial with con,:tnnt n11mlm·!' nf 
lmd,; nrr ,·i11e nnd vnryinrr 1111mbrrs of cnnrs of vnryin,,i: 
lrn!!ths hni1 hPPl1 tcrminntPrl. Cnnr,: of fourtrPn and 
eightee11 h11rlq dirl nnt sirrnificantly differ in y irlrl. Iu 
yN11·s of }1igh fruitfulness, y ield was significantly 
depressecl when canes were 25 buds Jong. 

A prrlimin11r:v trial on tlie TJl'CVention of ~plitting 
of currnnt berries due to rnin was inconclusive. 

ImnrovrmPnt of sultona vfoe growth and yield 
throngh soil fertilitv t rr~tment.s on h P1n>y soil~ is bPiug 
fm·tlier im•r,;tip:otecl nt Woorinen n11d Koraleip:h. Two 
six-venr trin ls at Woorinen l'fWen led no resnonscs to 
l!YP.cnm. snlnl111r, or a "no cultivntion" trratment with 
werds ('ontrolled witl1 oil spr~y. By eontrn~t. a similar 
"no cultivation" treatment imnrovcd virlrl nt K orn
lcigh. wl1erP eypsnm did not increase jicld but made 
the soil ensier to work. 

A "no c11lt.ivntinn trial" trial ut the Rescnrrh 
Stntion wl1ich ii1rl11dcs oil sr,rav for weer! Mntrol nnd 
white rlo,·er sod l1ns resulted· in no yield increases 
throul!h these trou tments. 

A trinl comp11ring otl1cr wren killers a1?ai11st fuel 
oil l!'ave the interest.in'!' result thnt -pentncblorphenol in 
creo~ote increased yield nbout 15 per cent. 

Tirk beans arc commonlv "rown in ini.,.a tecl vine-
1 f " I" ynrr • or green mnnurc. Nine sites were examinrd in 

the 1vfcrhriu ilistrict tn test the r esponse of tick hrnns 
to super]'lJ1osphntP. Whi1 <? nhosplH,rnus content of the 
tops wns llH'l'('flsed from 0.20S to 0.220 per cent. of dry 
matter, iu all but one site there was no growth response. 

Limited work suggests tbat e. figure. below seven parts 
per million for "carbon dioxide urnilable" phos
phorous in the soil indicutes a need for adding 
phosphates. 

Despite local farmer opinion that downy mildew 
disease is killed by air temperatures above 100° anu 
up to 110° F. it was noted that the disease sprrad 
further following a later rain. Laboratory examina
tion showed th at these temperatures did not affect 
the fungus during incubation nor nt a subsequent 
vegetative stage. 

Various fungicides were tried to pl'otect sultanas 
on the vines from mould: "Zineb ", "SR.406 ", col
loidal sulphur, calcium propionate, "Shir Ian", 
"Quat ", and "Cetavlon" as sprays; and "Zineb" and 
sulphur, "SR.406 ", and sulphur alone as dusting9, 
All failed to restrict mould damage in this very 
difficult barrnst period. 

Citrus investigations lrnve included the application 
of hormone pastes to the styles of freshly opened 
flowers, but it failed to induce better set. Defoliation 
of flowering shoots about four weeks before :flowering 
seemed to r educe the set of fruit. Spraying of young 
'Spring growth with muleic hydrazi<lc ( 500 p.p.m.) to 
delay flowering had no effect. 

(d) Plant N1tt·1·ients.-Tl1e manuring of the sultana 
vine and the relation of nutrient levels to yield are 
studied in several field trials and in the laboratory. 
The only response is to nitrogen but th.is response is 
not great and is by no means consistent from one year 
to another nor from one trial to another. No conclusive 
results have been obtained either by varying the 
amount of sulphate of ammonia or its time of applica
tion-autumn, early spring, or late spring. Further, it 
bas been hard to dra.w conclusions from field trials 
because of the variability and perennial nature of the 
sultana vine. 

Urea as a foliage spray for sultana vines hns been 
compared with ground application of sulphate of 
ammonia, but 11either has given a response in the 
second year of the trinl, although lenf nitrogen is 
increased. Quite high concentrations of uren spray 
could be used without leaf damage. 

Tl1ere is Ii ttle ,corrcla tion between sultana leaf 
11itrogen and yield for either the current or the follow
ing year, although nitrogen applications to the soil 
increase the nitrogen content of both lamina and 
petiole. To see if the N-P-K balance can be correlated 
with yield, phosphorus and potassium content of leaf 
samples from £.el<l trinls are being determined. 

( e) Vegetables.-" Krilium" as n soil improver in 
tomato glo.ss-l1ouses has been under trial for two years 
on a Curlwan loam, but there have so far been no 
signifieant. differen~es in yield or early ripening. A 
further trrnl wns laid down la.st year on a heavier soil. 

Work on tomato hybrids resistant to both root knot 
nematodes and to fusa rium wilt has been continued, 
anc! progress. h~s be~n ma~c towards obtaining highly 
resistant varieties with desirable field agronomic quali
ties. Sel_ections are als? bein~ . made t o develop n 
tomato with the agronomic qualities r equired in glass
house culture. 

(!) ..1-yematology.-Peanuts and Crota,laria spec
tab-ili~ 11; a fiel;l management trial were not very 
effective m reducrng nematode population in one season, 
as reve~lecl by cot~uts of larvae from soil sam:ples. 
S1;2scept1ble and res1sta11~ tomatoes were grown in this 
tnal to devel?J? field ratmgs ~or the :field mnuagement 
treatments. Xields of susceptible tomatoes were highest 
from plots wlnch had summer clean fallow plus wiuter 
barley for three seasons. R esistant tomatoes cropped 
well on all ~lots but sho1~recl heaviest nematode infection 
on plots wlucb hurl ca rned r esistant tomatoes for three 
seasons. 
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N cmntode investigntions were curried out in vine• 
yards nnd orrhnnls <lurin~ n :five months' Yisit by Dr. 
Scinhorst, W ngen ingen, a Research Fellow. Investiga
tions of <leclinin" vines in the district revealed that 
root knot nemat;de and citrus nema tode were wide
spren<l. In nddit inn, two species of ['rnlylenclrns (root 
lesion nematcde) were found attacking vine ro1Jts. The 
root knot nematode presenL in this arcn appears to be 
M llloido,q~1110 ja1:anica. 

3. GmvF1Tn. 
(a) Soil Salini/y.- Rcdistribution of salt in the 

soil followinn- ini,,ation oflen leads to toxic acr11mula-., 0 

tion of soil snlt :rn<l constit.ntes a serious problem on 
the Mul'l"umbidg<'e Inigntion Arca. Studie~ hnve 
shown that this saltin"' is associated with ccrtarn lnn<l 
forms. The rcco~niti~n of the land forms liable to 
salting is important in dcn•lopi11g new land for 
inigation. Tho romposition of t.Jie soil salt and the 
variation in tlrnt cc,rnposition with depth is also found 
to be as~ociatcd with the l:lnd form. Thi;.; helps in 
explaining the development or origin of the land fol'm 
( pedogoncsis), and suggests methods for proven tion of 
salt aceum11latioJ1 nn<l remedial measures. 

I t bM also been found that salt nocumulation is 
1·elnte<l, to some extrnt, to the crops grown an<l t)1c 
cultural practices adopted. 

(b) Ilorliculluro.-Tho fnctorinl cxperime11t with 
citrus, embracing fo1l!' cultur:11 and four irrigation. 
tr eatments, four nitrogen levels, and four ditforcnt 
varieties was continued (Farm 466). 

An analysis of growth and yield data from the begin
nfog of the treatments (1011-7) t ill 1Dii4 revealed that 
growth and yiol<l "'ere affected adversely by light 
irrigation. Nitrogen (as ammonium sulphate) 
influenced growth and yield favorably only in the 
grass sod nud bare soil 11ntillecl treatmentf\. On tlvJ 
otllcr liand, nitrogen fertilization affected the quality 
of the ft-n it adversely almost in proportion to the 
amount npplied. This effect wns more pronounced 
in the gra.~s i:od tbnn in the bnrc soil trC'atment, while 
the two summer elC'an cultivated treatments were less 
nffected. Best fruit wns J)rodnced from summer clenn 
cultivated trentmcnt, with or without farmynrcl mnnure. 

Annlysis of citrus foa,·es sampled in J nnuary, 1054 
(spring cycle), from the Fnrm 466 experiment 
indicated n possiLlc deficiency in phosphorns, while 
with the higher nitl"Ogcn levels there is probably n 
luxury consumption of nitrogen. The figures for leaf 
phosphorus (phosphorug in dry matter) indicate n low 
phosphorns content in the trees of the grnss sod. The 
higher the nitrogen levd, the lower is tho phosphorus 
con tent. Of the two summer clC'nn c11ltivntccl trent
mc>nts, the one with farmyard manure shows the higher 
figures for leaf phosphorus. 

Soil analysis for available pl1osphorus eonfi11n the 
suspicion of n phospl1orus deficiency. E stimations of 
total pliosphorus arc at. present being carried out. 

These conclusions reflect conditions which nre fairly 
general throughout the )furl'llmbidgee Irrii:ration Arca, 
ns shown by a survey of sample orchards in the district. 
This survey broug!1t out n rensona.ble rolntionship 
between lenf nnd s01\ phosphorus on the one hand and 
fruit quality on the ot.her band. 

Work is now in progress to determine more precisely 
the role of phosphorus aucl 11itrogen in tl,c nutrition 
of_ the trees_ nnd its possible effect 011 fruit qunlity. In 
tlns connex1on the cfTcrt of the hcnvy continual use of 
ammonium sulphate on the tt·ees nnd on the soil is also 
of im~o•·ti:ince. Tho sharp decrease in pil of the soil 
from _.1nst below 11eutrnl to ns low as pH 4.5 in the 
experiment nnd g011ornlly in the district is one nspect 
of this problem. The response of citrus to either 11itrate 
or ammonia nitrogen is being studied on citrus 
cuttings in 11 glnss-l1ouse experiment. 

The design of the factor ial experiment on Farm 466 
has been modified in such n way that half _of the 
nitrogen trentments receive sufficient lime to brrng the 
pil back to the neutral point. 

'fwn form trinls are also in progress, one to test 
the effort of phosphorus on citrus, the other one to get 
more information on the effects of lime on ritrus. 

(c) Plant Pliysiolo_gy.-(i) Plant Wafer Relafio7!-S, 
-The response of the young tomatn plant to a bnef 
period of water shortnge 11as been assess~d _in s?mc 
detail. I t has been found that growth 1s unpaired 
at a fairly enrly st:,ge in thr dcvclopme~t of _a water 
shortage. The degl'cc of water s~ress m ~l11s Cll.l'ly 
stnn-e is being examined furtlier, with the aid of con
trotted conditions of tempcrntui·e, humidity, and light. 

The ontogenctic effects of wnter shortage havf! been 
st11diC'd in the tomato by assessing the response of 
ind1vid11:il laminae and petioles. Tl1c work is being 
extended to study responses to a single moderate water 
short!lge imposed at differing stages in growth of plants 
exhibiting pronounced cycles of rnot and shoot growth. 

In the work with the tomato, chemical analyses for 
11itl'()~en, phosphorus, protein nitrogen, and nucleic acid 
phospho1·us had shown that very little nutrient bad 
been taken into the plant during tl10 wnter shortage, 
but that active uptake had been resumed uµon rc
wntering. Uptnkc of pl1osp]1orns was depressed more 
tlinn nitrogen dur ing wilting. Upon J"ecoYcry the 
course of uptake of phosphorus differed from that of 
nitro.~cn. To assist in intcl'preting these phenomena, 
two levels of soil pl1ospho1·us have been illc1uded in the 
present work. 

Several aspects of this work arc bciug examined 
further in a growth C..'l:periment with citrm cuttings. 

(ii) Citrus PltJJSiology.-I n the experiment on Form 
4GG, chemical analyses of leaves have Leen carried out 
as 11nrt of nn investigation of leaf <lcvclopment in 
telation to irrigation and cultural treatments. 

(iii) Growth Experiment with Cilrus.-Little is 
known of the cffccti: of a water deficit on tree growth. 
A glMs-honse exipcriment with eitrns is in progress 
usin_g Washington Navel cuttings rooted in sandy lonm, 
to study the effects on· growth of temporary water 
deficits established nt differing stages in the cycle of 
shoot :md root development. 

At the same time it is hoped to gain useful informa
tion regarding the role of ammonium and nitrogen ions 
in the nutrition of citrus and also regarding the phos
phorus nutrition of the citrus plant. Trcntments have 

· been laid down in soil nnd sand culture. Tl1is informa
tion sliould be of gene.ml value in studies of citrns 
quality, and in the interrelations of shoot and fruit 
development. 

The water studies are being paralleled witl1 studies of 
tl1e effect of temporary increases of chlori<le ion in the 
nutrient medium on the growth of the citrus plant iI1 
sand culture. 

The growth experiment nims at the nnalysis of the 
response, of tl1e plant as a wl1olc and of the different 
organs oi the plant to the treatment imposed. 

(d) lr1·igalion.-Stuclies ha,·e continued on the 
effect of weather elements and soil moisture on the rnte 
of moisture witl1dra1rnl from tho soil. The water 
rcn.10,,od from the soil is measlll'ed by means of weigh
able tanks stmk into the soil. It is found that the rate 
of water removal is affected both by the weather and 
by the wetness of the soil. 

Studies of the drying out of soil on a clist1·irt basis 
dnri1!g U1e. winter hnl'C rontinued. It is now possible to 
predict fairly acemntcly two or three weeks in adrnnre 
when il'l'ig11tion water will be required. This is 
impnrtnnt in dec·iding when the rhannels should be 
filled to begin the irl'igation season. 
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V. ANIMAL HEALTH AND PRODUCTION. 
1. GENERAL. 

The Division of Animal Health aud Production is 
responsible, within the framcw?rk of the Organiza
tion's programme of research mto problems of the 
animal industries, for investigations concerned with 
auimal health and reproduction and with general ani
mal husbandry. The importance of live-stock produc
tion to the national economy cannot be too strongly 
stressed and any increase in knowledge in this field 
ultimately affects every member of the Australian 
community. 

The head-quarters of the Division is located in :tifol
bourne but its activities are spread throughout the 
Commonwealth. Reports on the work in progress are 
presented in this chapter and in Chapters VII. and 
VIII. 

'T'he work of the Division of Biochemistry and 
General Nutrition on nutritional problems is reported 
in Chapter VI. Section 12 of tl1is chapter deals with 
investigations of the Animal Genetics Section other 
than those on sheep and cattle which are included 
respectively in Chapter VIL, Section 15, aud Chapter 
VIII., Sections 8 aud 9. 

Division of A nirnal H ea.Uh and Prod1tclion. - The 
established investigational programme was followed, 
with certa in modifications, during the year. Following 
upon the retirement of D_r. L. B.. Bull, C.B.~.,. ~fr. 
D. A. Gill has succeeded him as Chief of the Div1s1011. 
Dr. D. F. Stewart Las replaced Mr. Gill as Officer-in
charge, Mcl\fastcr Animal Health Laboratory, Sydney. 
T' r. T. S. Gregory has taken over as Officer-in-charge, 
D.11imal Ff cal th R esearch Laboratory, Melbourne, vice 
Dr. A. W. Turner, and Dr. I. W. McDonald has been 
appointed Officer-in-charge, Sheep Biology Laboratory, 
Prospect, New South Wales. Mr. I. L. J ohnstone 
resigned as Officer-in-charge, Regional Pastoral Laborn
tory, Annidale, New South Wales, and Mr. ,T. F . 
Tiarrctt is acting as Officer-in-charge. 

1\.t Prospect a new building has been construrted 
to house small animal colonies, surgical and other 
facilities, and the equipment required for studies in 
climHte physiol ogy. A new laboratory has been estab
lished at Rockbampton to provide fuci~itie~ for resea~·ch 
staff concerned with the problems of clunat1c adaptation 
of cattle in the tropics. The work at this laboratory 
will be closely integrated _with tb~t at ''.Belmont", 
the National Cattle Breedmg Station. 'Ihe area of 
the Amberley Field Station near Ipswich, Queensland, 
has been in.creased, nnd special cattle stall have been 
constructed there for use in tick resistance studies. 

To relieve the Chief in some measure a Committee 
of Management has been set up to take over some of 
the heavy research nnd administrative duties involved 
in the management of such a ,lnrge Di~ision. ~h.e 
Committee members are the Assistant Chiefs of Divi
sion with the Divisional Secretary, under the chair
manship of the Chief. A research committee has been 
established to direct the work of the Regional Pastoral 
Laboratory at A.rmidale, and to ensure effe~tive. colla
boration there betwe.en staffs of the Umversity of 
New England and O.S.I.R.O. 

Grateful acknowledgement is made of financial 
assistance received from the wool industry, the Aus
tralian Meat Board, the Australian 1:airy Produce 
Board, the Commonwealth Bank, and the United 
Graziers' Association of Queensland. 

2. ANlUAL HEALTH REsEAn.cu LAnORAT-onY, 

MEI.BOURNE. 

(Division of Animal H ealth and Produetion.) 
There have been fow changes in the overall research 

programme. Work based on this Laboratory is 
concerned principally with imrestigations of certain 

in~ecti~us d~seases, ge~eral and chemical pathology, and 
~mcrob10log1cal chemistry. The main investigations 
m progress are-

Pleuropneumouia of cattle (see Chapter VITI. Sec
tion 2); mastitis and infertility in dairy cattl; (see 
Cha pter VIII., Section 2); haematuria vesicalis of 
rattle ( see Chapter VIII., Section 2) ; brucellosis of 
c•11ttle (sec Chapter VIII., Section 2); toxicity of large 
ration,; of wheat (sec Chapter VII., Section 12); infer
tility and physiology of rep rod urtion in sheep ( see 
Olrnpter VII., Section 13); toxaemic j aundiee of 
sheep ( sec Chapter VII., Section 17) ; sheath rot of 
wt,thrrs (sl'c Ohapte1· VIL, Sect.ion 17.) 

:1. Mc:MAsT1•:.1t ANIMAL HEALTH LAnon.ATORY, SYDNEY. 

(Division of Animal Health and Production.) 
Tliis year has been marked by the generous gift 

of £52,000 by the late Sir Frederick McMaster to 
erect a wing at the McMaster Laboratory to com
memorate his son, Captain Ian Mc:Master, M.C., who 
died of wounds at E l Alamein. Sir Frederick 
Mr·Mastcr was an outstanding figure in the community 
and n generous benefactor who had the welfare of the 
country nt heart. The erection of the Ian McMaster 
Wing will relieve the present eongestion in the main 
building and enable the research staff to be accom
moda ted adequately. 

T he major investigations undertaken at the 
Loboratory include studies on internal and external 
parasi te.; of slieep ( see Chapter VII., Sections 18 and 
10); problems concerned with drought feeding of 
$hcep (.see Chapter VII., Section 11); fattening of 
beef rattle (see Chapter VIII., Section 7); biochemi
cal stndics, particularly in r elation to vitamin A (see 
Chapter VII., Section 11); and the investigation of 
certai11 diseases of sheep (see Chapter VII., Section 
l'i). 

~. V J,:'J'F.RJN AUY p AHASITOLOOY LA DOR.A TORY, 

YEEilONOPILLY, Q UEENSLAND, 

(Division of Animal Health and Production.) 
This laboratory was established in 1948 to under

take investigations into parnsites affecting live-stock, 
p:ut.icnlarly those of importance in Queensland. Th.i 
laboratory nlso proddcs accommodation and facilities 
for officers of the D ivision of Entomology who a.re 
engaged in studies on the cattle tick, Boophilus micro
plus. Facilities for field work are provided by 
Amberley field Station, near Ipswich. 

Investigations in progress by officers of this Division 
include studies on: H aemonchus contortus of cattle 
and sheep (see Chapter VIII., Section 3); liver fluke 
( see Chapter VIII., Section 3) ; host reactions to tick 
infestation (see Chapter VIII., Section 4); tick 
toxins ( see Chapter VIII., Section 4) ; parasitic 
gastro-enteritis of cattle ( see Chapter VIII., Section 
3); worm nodules (see Chapter VIII., Section 3); 
and protection against blowfly strike in sheep ( see 
Chapter VII., Section 20). 

~- F. D. McMAsTER. FIELD STATION, BAooER.Y'"'s 
On.EEK, NEw SouTJr WALES. 

(Division of An_i1ual H ea1th and Production.) 

The sheep carried have maintained good condition 
durin~ the year although fleece-rot has been wide
spread and blowfly strike was troublesome in the late 
~ummer. There are now 65 cattle in the dairy herd of 
wl1ich :H nrc Zebu crossbreds. 

The work with dairy cattle is reported in Chapter 
VIII., Seer ion 6. Other investigations in progress are: 
inbred flocks of Australian Merinos (see Chapter Vil., 
Sret.ion 14); inheritance of component fleece charac
tel's ( see Chapter VII., Section 14); fleece-rot (see 
C'linptcl' VTI., Section 14); birth coat studies (see 
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ChRpter VII., Section 14); studies ou twins (.see 
Chapter VII., Section 14); defective udder studies in 
ewes (see Chapter VII., Section 14) · und coat
shedding studies on cattle (see Ch~pter VIII .. 
Section 6). · 

6. S1rnEr BrnLnnY L,1 uon.,1Tonv, Pnoi;rEcT. 
N Ew 8011Trr W .II.ES, 

(DiYi~iou of _\niurnl Health and Production.) 
The l"<>SeRrch ll'ork 11 t thi~ laboratory hns been cou

t.inucd. :\ llP\\' building !ins been constructed to house 
the eqniprncnt rcqui~:NI for studies in climate 
physiologs; thl' bui1cLng includes two rooms, each 
eapable of housing fourteen sheep or five head of cattle, 
in which temperature aud humidity can be accurn.tcl:v 
controlled over a wide range. Apparatus required 
for thP0 e rf1oms has been constructed by the Central 
E::rw:·imeiit,al Workshops (see Chapter XXV., Section 
.3). Tlrn general purpose of this develo1m1ent is to 
conduc·I. a long-term study of the. physiological 
1J1cc:lrnni~ms ,Yhich affect the response of sheep and 
<ia ltlc to climatic conditions and especially to hot 
<'nnrlitions. 

The chirf inves tigations at present in progress are: 
mctaholism o.f pregnant ewes (see Chapter VII., 
Section J 0) ; phy::iolog_y of reproduction ( see Chapter 
VII., Sc<· tion J:l) ; a study of the Australian :Merino 
Flock l~egister (see Chapter VII., Section 14); 
endocrinology of wool growth (see Chapter VII., 
Section lG) ; histology of skin and hair ( see Chapter 
VII., Section 16); the development of skin and fleece 
(see Chapter VII., Section 16). The work of the 
Merino st.rains trial (see Chapter VIL, Section 14), 
is al~o ceutred nt Prospect. 

7. lh;,.roNA!. PA~TOHAI, L,,noltATORY, Aai-UnAL~;, 

N1,:w Sounr WALES. 

(Division of Animal Health and Production.) 

The Regional Pastoral Laboratory at Armidale and 
its associated Field Station, "Ohiswiclr ", were estab
lished in 1!)4.7. A t present the research team consists 
of Officers of the l ,ivisions of Animal Health anJ 
Production, Plaut Industry, and :Mathernat.ical 
Sta tistics, nnd Wildlife Survey Section. 

The work of this Division nt Anniclale has been con
cerned with epidemiological and ecological aspects of 
parasitism, problems of fertility in ewes, and the 
survival of· new-bom lambs. The utilization and 
management of land units with varying proportions of 
sown and native pastures, and the effects of grazing 
management on pasture and on animal production, 
are also being studied. Based on a detailed ecological 
survey of the New England Region, the Division 
of Plant Industry has an extensive pasture research 
programme in progress. It includes plant int roduction 
studies, studies on native pastures, problems of plant 
nutrition, and the development, maintenance, and 
utilization of sown pastures. Officers of the Wildlife 
Survey Section bave commen~ed investigation of the 
rabbit problems of the reg10n ( see Chapter X., 
Section 2) . 

At" Chiswick" an area of ],115 acres was cultivated 
during the year, of which 1,000 acres were sown to 
pastures and lucem e. Sheep shorn totalled 4,592, 
yieldino- 121 bales of wool, or an average of 8.1 lh. 
jJCJ• he:d. In addition, J20 cattle and ten horses w_e1:e 
e1nrried. The work carl'led out by officers of the D1v1-
sion of Pinnt. Industry is reported in Chapter III., 
Section 19, and by office)'S of the Division of ~nimal 
H ealth and Production m Chapter VI~., Section !8, 
" Chiswick" is one of the centres nsed m the Menno 
~trains trial and progress in this work is reported in 
Chapter VII., Section 14. 

s. NATJON,\J, FIELD .STATION, "UILRU1'H PLAINS", 

CtrNNAMULLA, QUEENSLAND. 

(Division of Animal Health and Production.) 

Iu 1954, approximately 18 inches of rain were 
recorded. This is 5 inches greater than the yearly 
mean for Cmmamulla. Pastures made excellent 
growth following rains after fifteen dry weeks in the 
autumn. 

Approximately 4,500 sheep and 2,000 lambs were 
shorn in February-Mnrch, 1955. These sheep were 
rnnning 0 11 approximately 40,000 ncres. The mean 
greasy wool weights of fifteen-si."'l:teen-month-old ewes 
were: medium Peppin Merinos 10.2 lb., fine non
P eppius 9.4 lb., aud strong non-Peppin 11.8 lb. Lamb
marking results (lambs present at marking as !l 

percentage of ewes present) of different flocks varied 
from 77.5 to 89.3 per cent. 

The work done on the station consists primarily of 
long-term Merino breeding trials. These trials include 
ABl, the strains trial, and a study of the inheritance 
of hornedness in sheep ( see Chapter VII., Section 14). 

!), N,1TION .\L 0ATTLE-BllEEDINO STATION, "BELMONT", 

RocKIIA::IIPTON, QUEENSLAND. 

(Division of Animal Health and Pr,oduction.) 

The winter ,of 1954 was very favourable for pasture 
growth and good rains were received in the early 
summei·. Torrential rains fell in February and March, 
irnd a bout l,000 acres along the F itzroy River were 
inundated for six weeks. This caused little damage 
but, forced the concentration of stock on the higher 
(•ountry, leading to over-grazii1g there. With the 
clearing and development of the eastern portion of the 
Station it will be possible to avoid this in future floods. 

The experimental cattle yards have been completed 
and two sets of cattle-weighing scales installed. In 
addition. a small ficltl labontory has been built and a 
120-ft. crush for temperature and respiration studies 
e:ompletcd. Eight miles of new fence lines were erected 
a nr! a start made on clca ring scrub. 

Approximately 1,100 cattle are now on "Belmont". 
Their health has been good although some losses 
nccuncd from lantana poisoning. The Shorthorns, as a 
group, have not adapted themselves to the conditions 
us sntisfnetorily as the Herefords. 

A laboratory has been established in Rockhampton to 
co-operate with "Belmont " in studies concerned with 
the physiological adaptation of exotic (Zebu and Afri
cander) a11d British breeds (Shorthorn and Hereford) 
to this environment, to study the inheritance of the 
characters of value in adaptation, and to determine the 
relationship between various attributes and the economic 
performance of the animals. Preliminary results of 
this work and a progress report on the breeding pro
gramme at "Belmont" is given in Chapter VIII., 
Section 8. 

10. PouLTltY RESEARCH CENTRE, WERI<IDEE, VICTORIA. 

(Division of Animal Health and Production.) 
Studies in population genetics and physiology of 

ieproduct ion are t,he two main rcsea.rch projects a t this 
Centre. Progress reports are given in this Chapter, 
Section 11. 

A total number of 1,040 dams were selected during 
tl1e 1954 breeding season and inseminated with semen 
from 105 selected cockerels and 12 two-year-old cocks. 
The total population of adult birds at March 1955 
was 5,756, of which 3,050 were White Lefl"hor~s 784 ., ' 
Australorps, and 1,022 crossbreds of various types. 
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11. lNVESTIOATIONS OTHER TH.AN WITH SHEEP AND 

CATTLE. 

(Di,·ision of Animo.l Health and Production.) 

In addition to work at the main centres described in 
preYious sections of this chapter, staff of the Division 
ore also located in Western Australia, South Australia, 
Qneensla11d, and Tasmania, working in association 
with Departments of Agriculture and Universities. 
Work is procecdi11g a t the University of Adelaide in 
genetics (see this Section); at the University of Queens
!and 01: the effects of bi~h temperature on pregnancy 
m hlermo ewes, on breedmg season of :Merino ewes in 
relation to length of day ( see Chapter VII., Section 
13), and on seasonal coat changes in cattle of European 
origin (see Chapter VIII., Section 7); with the Depart· 
ment. of Agricult.urc in Perth on the copper metabolism 
of sheep (sec Chapter VII., Section 17) and on the 
cornparative biochemistry of copper and on the cobalt 
status of past.ures ( see this Section) ; and with the 
Department of Agricu1ture in Tasmania on a new 
project at "Frods1ey " , to elucidate the effects of 
fertilizers, including potash, on the production of 
pastures there and ou the liealth and growth of sheep. 

(a) Stuclie8 011- Jl:hcrobial 111 etabolism (Animal 
Health Lc~boratory, J1ielbo1mw).-Fundamental studies 
on microbial metabolism arc being made both for their 
intrinsic va1uc and for the better understanding of 
microhial action in relation to animal nutrition and 
animal diseases. In addition to work on the metabolism 
Asterococcus rnycoides. the casual organism of bovine 
contagious plcuropneumonia, metabolic investigations 
have been made on Polyl.oma nvella, n non-chloro
phyl1ous pbytoflagollnto. A study of the pathways of 
ncetatc metabolism in this organism has included the 
utilization of acetate 0, the contribution of acetate C 
to the synthesis of aspa rtic and glutamic acids, and the 
fixation of radioactive 002 into ethanol-sohtblc com· 
pounds. 

. (b) Physi?logical Gene/.·ics ( University of Adel• 
a:ide) .-Stnches on the nature and mode of action of the 
gene were continued with the mould N e-urospora crassa. 
as the experimental organism. The synthesis of stock 
cultures containing from tc11 to thirteen specific ooenes• 
for studies on nuclear cytoplasm interactions and on 
mutation at a specific locus has been completed, !I.ltd the 
cultures are in use. 

The nnturc of radiation-induced gene mutntions is 
being investigated. "A study of the mechanism 
of the competitive suppression of the wild
type back-mutants by the large number of non-growing 
mutants frequently vrcsent has reYenled that the .1on
growi11g mutant cells r emove sugar from the medium 
at such a rate that insufficim1t is left for the back-mutant 
cells to grow to macroscopic colony size. Suppression 
can be oyercomc by increasing the sugar content of the 
medium. 

Work on the genetic and environmental control of 
diffcrentintion in Nenrospom lrns been completed and 
the rC'sul ts prepared for publication. 

( c) Studies in Pop1tlation Genetics (Poultry 
Researrh Ccnlre).- Analysis of the r ecords of the F 11 

!:'-•~nern tion of pullets at the Poultry R esearch Centre 
1,as inclica ted-

( i) The control flock of White Leghorns propa
gated without selection has remained at 
11l>out the same level of egg production since 
the beginuinir of the experiments. 

(ii) Selection for i'oocl and bad body conformation 
hns not nffected egg production in. com· 
parison with tbe control flock. 

(iii) Selecti_on of low-producing hens and tlie males 
?f tlns grouy was also ineffective in chang
rng production from tho level of that of the 
contt'ol flock. 

(iv) Ma ting ,of mass-selected dams with sires from 
high~producing dams led to increased pro
duction of eggs to the level attained by the 
best family-selected flock in this year. 

(v) The W~ite ~e~l10ru ~ocks developed by family 
sclcct1~n chfler mamly according to the type 
of matrng used. The flock based on selection 
for absence of winter pause made steady 
progress in egg production. The flock in 
wJ1ich cockerels were selected on the basis of 
sib-testing for part-winter period and mated 
to their half-sib pullets increased production 
considerably. The pullets of the h ighly 
inbred strains reached a coefficient of in• 
breeding of 48 to 63 per cent. Great 
differences were observed between these 
strains which were selected for egg produc
tion and sire famili es within the strains. 
While some families died out, others showed 
good hatchability and vigour and a few 
reached a level of egg production equal to 
the best flocks of White Leghorns. 

The crossbreediug programme has been modified. 
Crossb1:eds again outproduced pure-bre<l half-sibs by 
upproinmately 24 eggs per annum. The criss-cross 
series, now ir; tbe seventh generation, produced as many 
,:,ggs as the srngle crosses and were superior in terms of 
chick mortality. 

(d) Physiology of Reproduction (Poultry Research 
Centre) .-Studies concerning the transport of fowl 
sperm. ~ave shown that live sperm reach the infundi
bulum m less than 30 minutes. The junction of the 
uterus and vagina acts ns a limiting mechanism to the 
nun:b.ers . of sperms r eael1ing the infundibulum where 
fert1l!zat1on ~a~cs place. .A. ~cw tcc~nique developed to 
penmt de_ros1t1011 of sperm directly rnto the uterus has 
r esulted m ma~1y more sperms reaching the bigber 
leve1s -0f _the ov1d1:ct. A level of 73 per cent. fertility 
was attamed by rntra-uteral insemination with deen· 
£1:ozen semen which had been suspended in a glycer~l 
chlncnt and had not been dialysed, as against nil when 
such semen was placed in the ,•agina. 

Semen quality tests were made throughout the breed-
ing season. Inbreeding was found to depress the 
quantity and quality of semen produced_ 

( e) Comparative Biochemistry of Copper (Depa1·t
ment _of Agric1dfore, Perth).-Tbe range of data ,bas 
hcen mcreased: analyses were made of blood and liver 
samples from seaJs and penguins of the Heard Island 
nncl Antarctic regions and also from coelocanth samples 
obtained from ]vfadagascar. 

. The blood copper level was found to be highest in the 
pig (1.4: mg Cu per litre whole b lood) and lowest in 
the domestic f~nvl and turkey (0.23) . In marsupials it 
wns low, but rn most other animals it lay between 0.5 
11.nd 1.0 mg per litre. 

In most species, values for liver copper were lower 
tlrnn_ 50 P·P:lll· on a_ dry weight basis. High values were 
?btaincd_ with ru11,1mants, the duck, and the frog, and 
1'.1 cert~m fish. . rhe devel opment of unusually high 
\alues 1s the s11b,1ect of further studies. 

, (() ill icro-elei!ient Deficiency Survey Work i11, 
~Vester7: A11stralw .. -Fewer samp1es were examined than 
1,n previous years. The examination of several samples 
from tbe :Manypea_ks area, east of Albany revealed au 
ncute cobalt ddicwnc:y in this re,,.icn. 'F ollowin"' a 
r~port from plant nutrition worker;, analyses showe

0

d a 
lngh molybdenum _stntus of plants taken from O peat 
s~nmp near Rockrngbnm, . b_ut cattle grazing in this 
nrna. have shown no chmcal evidence of co·pper 
deficiency. 



(g) High Iron Values in Tissues of Animals from 
the Antarctic Regions.-Iron values w_ere espec1all;y 
high in seal livers and were associated w1lh the deposi
tion of haemosiderin. It has also been shown that the 
blood of seals from Heard Island containtld 22-24 g of 
haemo.gloLin per 100 ml. 

12. ANHUL GENETICS. 

( Animal Genetics Section.) 

The Animal Genetics Section aims to investigate the 
possibility of applying genetics to nni~al breedi~g and 
allied fields and to tr-uin students mterested m the 
subject. One Honours student from Physics took her 
M.Sc. degree this year. Four students n!·e now nnder
taking post-gratlua te trniniug. The Section. started ~n 
adv:mced course on experimental biology this :year for 
Honours and post-graduate students. A; t~achrng film 
demonstrating the main. featmes. of me~osis wos com-
pleted in collaboration with the_ Film Um_t. , 

The Se.ctio11 i5 to be housed lll future m the Zoology 
Department of the University. A set o! la born tories has 
been planned and building starte<l wluch ~h~uld enable 
the section to move into the Zoology bu1lclmg hy t~lC 
end of the year. A rabbit house to hold 600 rabbits 
has Leen completed at Prospect. 

(a) 1'J.01tse Breeding.-Thc experiments in which 
mice are selected for sensitivity to oestrogens has gone 
tiirough a further three generations. Progress continues 
to be rapid. The method of sequential testi_ng pro_ved 
to be aecmate. Whereas in early generations, hnes 
which were very different in sensitivity to oestrogens 
when tested intrnvnginally were identical whell; tested 
subcutaneously in the last generation a se.parat10n has 
taken place bet;veen the lines in sensitivity to oestrogen 
given subcutaneously. . . . 

Work on tibia length has been chseontmued; 1t 
proved too slow ~nd the point under, test will b~ tried 
out on Drosophila melanogaster. These experunents 
nre under way. . . . . 

Variability between subhnes of m?red Imes 1s _to_be 
tested to estimate the extent to winch new vanat1on 
occurs by mutation. Ten inbred lines have been split 
into five sublines each nml these have now run for five 
generations. Differences between the sublines in several 
metrical -characters will be tested this generation. A 
similar investigation is being undertaken using D. 
melanogastm·. Work on the coat of genetically abnormal 
mice continues. It has been shown that the hair cycles 
iu Naked mice are profoundly affected by •pregnancy 
and lactation. Shortly after 1iarturition all activity in 
the hair cycle stops. The effect can be reproduced in 
empty females aud iu entire and castrated males by 
injecting several of the sex hormones; oestrogen, how
ever, is t.he most effective. This should help to solve 
some of the }Jroblerns of hair shedding in cattle. 

An experiment on selecting mice on the basis of a 
selection index has been terminated. The results nre 
not yet analysed but surprisingly little progress was 
made as a result of selection for ten generations. 

(b) Pi·oduction of Antibodies and Disease Resistance. 
-The finding that response to a complex antigen has 
a lower heritability than response to n simple one has 
been confirmed using anot11e1· complex antigen, sheep 
red cells. It is likely that the reason for low herita
bility lies in the technique of measuring the response, 
which in a mixture of antisera detects only the anti
serum present in maximum amount, as has been demon
strated in using A, 13, and AB human antisera and red 
cells. A deta iled study of response of mice to sheep 
red cells shows that both primary and secondary 
responses nre biphasi-0. This suggests either that the 
antigens present elicit responses which h ave maxima 
at different times or that antibody is made nt sites in 
the mouse which lrnve maxima nt different times. 

Selection of rabbits for resistance to K.M.13 myxoma 
virus continues. The rnbbit colony _can no':' produ~e 
25 rabbits a ,veek and l1as a potential for _oO. so this 
work should gather momentu~. To date 1t 1s _cl~_nr 
that the resistance of the rnbb1ts bred from recove11es 
has been increased slightly in so far as they take lon!Ier 
to kill. The experiment has proved unexpectedl_y diffi
cult owing to the fact that recovered bucks, which are 
sterile for three or four months after i:ecovery1 never 
regain fertility fo1· more than short periods which can 
be detected only by semen collection. . 

Work on variation of the myxoma vn·us bas been 
postponed until a satisfactory way of growing vi:·us 
outside the rabbit bas been found. Attempts are berng 
made to grow it in mouse brain. ;l _sens_itive meth_od 
of assaying the virus on ,~ s_ingle rabbit usmg yock ~1ze 
has been worked out. Ilus was necessary rn tryrng 
to ndapt the virus to mouse brain in order to detect 
what was lrnppening to the virus in the mouse. 

( e) Genes and Chromosomes.~ The analysis of 
nucleic acid per nucleus reported for the kangaroo 
last year has been repeated on the bandicoot 
and the possum. Results w_ere very si~nilar. . The 
amount in bandicoot 11~cle1 was a little higher 
than expected. Experiments_ on cr~ssiog ?ver in 
D. melanogasle1· show that an rncrease .111 c1:ossrng ov~r 
is not accompanied by a correspoudrng rncrease rn 
coincidence. This indicates at least a two-factor control 
of crossing over during meiosis. Cold treatment at 
- 5° 0. has foiled to produce a noticeable increase in 
the mutation rate of D. melanogaster. Two flies hatched 
from eggs frozen to - 70° 0. have been tested and 
showed no significant increase either. This augms well 
for use of deep-frozen semen in commercial breeding 
work, though numbers tested at - 70° C. are still too 
few to have much significance. 

VI. NUTRITION. 

1. GENERAL. 

The lack of exact knowledge of ruminant physiology 
and the basic importauce of the pastoral industries to 
Australia's economy first •prompted fundamental studies 
of animal nutrition within tl1e Organization. The 
research in this field has been confined mainly to the 
nutritional biochemistry of the sheep a11tl the influence 
of nutrition on wool production. 

Division of B·ichem·i1Jlry and Oenern.l N1itrition.-As 
wool production still holds pride of place in Australian 
economy, rescurch has been con.fined mainly to the 
nut ritional biochemistry of the sl1eep, and more especi
ally to the nutritional factors which govern wool pro
du~tion. Particular attention has been given also to the 
capacity of pastures to provide the nutritional require
ments of grazing animals. Extension of the. resul ts of 
these investigations to practice in the J)Ostornl industry 
has resulted in spectacular economic retnrus. Investi
gation of the sheep's nutritional requirements, for 
example, revealed the fact that certain soils are unable 
to provide the minute traces of heavy metals such as 
coualt and ,copper which are essential for the health of 
grazing animals, and, in turn, led to a ge11eral realiza
tion that the productivity of vast tracts of terrain is 
limited by deficiencies of the trace elements copper, 
zinc, molybdenum, &c., which may simpl,y and inex
pensively be made good by manurial dressings. 

R esearches into the aetiology of a nutritional mal11dy 
prevalent in flocks depastured on calcareous coastal 
dunes proceeded in a series of logical st.eps to the demon
stration b_y the Division that huge areas in s0utheru 
Australia hitherto abandoned as useless for agriculture, 
could be converted to high-produci11g permanent pas
tures by sowing with suitable legumes and grnsses and 
dressing with superphospl1ate enriched with copper 
and zinc. These discoveries have provided basic know
ledge 1111d n point of view which have led to similarly 



dramatic developments in me.ny other areo.s, both in 
Australia and elsewhere. The results are of very greo.t 
economic significance. 

lnfor~o.tion arisin"' froru other nutritional researches 
has found its way m~re subtly into practice to greatly 
incrC'ase the efficiency of animal husbandry, and add 
very considerably to the economic returns from the 
gnizing indust ry. 

Some of the current in l'estigations are described iu 
this Chapter and furtlrnr detailed references are m_nde 
under Chapter III., Section 11, and Chapter VII., 
Sections 2-9. 

2. NuTJUTJOf\ ,\ND Wooi, P1toouanoN. 

(Division <)f Hio('liemistry and General Nutrition.) 

A summary of the series of researel_ies whi~h l11~ve 
t;:stablished an understanding of the marn rclat1onsl11ps 
between n utrition and wool production was prcsent~d 
in the •p1 r-Yions Rep?rt. At t~1is ju_n<!ti.:re t~e roam 
emphasis of this section of the 1~1v_est1gat1_011s 1s. on the 
metabolism of the sulphur-contammg amlllo ac1J~ a nr~ 
on the assessrnent of the extent of the sy11thes1s o! 
methiouiue and cystine tlrrough the agency of the 
microorn-auisms wi'thin the rumen. It is probable tliat 
destruction of amino acids present in the fo~il.er pro
ceeds thel'e also and that, under most concht10ns of 
feedi1w trnnsactions within the rumen result in a net 
lo;s rn~l1er than a gain of tl1ese amino acids. 

The relationship between the overall supply of avail
able euergy t.o the ani1~1al and the effici~ncy of c?n
version of fodder protem to wool fleece 1s also being 
studier! to illuminate further the interplay of the nutri
tional facl'ol'S which in fluence wool production. 

3. S1TuiES oF ·nrn 1b:TAUOl,IC PRoc1,ss1~:; oi, SnEEP. 

(Division of Biochemistry and General Nutrition.) 

Knowledcre of the sheep's intermediary metabolisrn, 
i.e., of the ~rocesses by which t,lte animal's tissues_ <leal 
with the substances absorbed from the fodder, 1s an 
essential pre-requisite for tl1e understanding qf nutri
t.ional distu rbances which at times seriously influence 
the health un<l limit the productivity of sheep. 

Ruminants derive a greater part of the energy ueces
~arv to sustain life from simple fatty acids, mainly 
acetic and proprionic acids thn t are pl'oduced by fer
mentation of carbol1ydrntcs with in the rumen. In this 
respect. t.bey are clistinct_from other _ani~ials, an~ so the 
metabolic processes wluch deal with fatty acids are 
e&pecially important in the overall physiological eco-
11omy cir' the sheep. A. cletai)ed study is being_ mad? of 
these processes, and o.f the mffuence _of ce~·tau.1 nuuor 
elements upon them. Some of these mvest1gations ar e 
described iu Chapter VII., Sections 3-5. 

4. E N EnGY METAJlOLISl\l OF THE Sim.Er. 

(Di vision of Biochemistry and General Nutrition.) 
Studies of the thermodynamics of the overall energy 

trnnsactions in the sheep have been continued. 

The methods of indirect calorimetry have also becu 
used to investigate the effects that cobalt deficiency in 
the fodder has on the nature of the digestion products 
arising from fermentation within the rumen. The 
nxperiments provided unequivocal •proof that t.11c very 
obvious influence tl111t cobalt concentration has on the 
nature of the popula tion of mieroorganisms wl1ieh 
iuliahit the rumen is not rcf:lected in the "overall diges
tibility" of the fodder, nor does it affect materially the 
nature of the end products arisiug from the bacterial 
dissimilation of the fodder within the alimentary canal. 
The significance and importance of this is discussed in 
Chapter VII., Section 4. 

5. Mrcuon10Loo1cAL P 1tocEssEs oir RuMIN.ATION. 

(Division of Biochemistry and General Nutrition.) 
Although the mixed populations of microflora and 

microfauna which inhabit the con tents of a ruminant's 
paunch are known to play an essential symbiotic role, 
comparatively little is known of the nutritional fun.c
t.ions served by these microorganisms other than the 
" digesti ve " a ct.ion they. exert on the refr~ctory car~o
h ydra tes cellulose, hem1cellulose, &c., wh1~h comprise 
tiie maj~1· part of the animal's fodder and which a.re 
resistant to the digestive enzymes secreted into the 
alimentary canal. Studies are now being made of the 
influence that the composition of the ingest;a has on the 
nature and activity of this mixed population of micro
or.,.anisms. T1. has become evident that r elatively small 
ch~nges in the concentration ~f certain inorganic _ions 
within the rumen contents will alter vel'_V matenally 
bot.h the overall chemical changes brought about through 
t,he age11cy of microorganisms in the rumen contents and 
t.hc production of vitamins that takes place there. 
Attention is also being given. to particular aspects of the 
changes in the nitrogenous .constituents of the fodder 
effected by microbial a ctivity during the- passage of the 
ingesta through the rumen. These experiments are 
referred to in Oha•pter VII., Section 3. 

6. SALT ToLEKaNCE OF SHEEP ,\ND PoT..i.nILlTY 01• 

STOCK WATERS. 

(Division of Bichemistry and General Nutrition.) 
The series of long-term experiments that are being 

c·arried out to determine the toxic limits of sodium 
chloride and of other salts present :u1 water consumed 
by grazing stock were described in the previous Ileport. 
.i much more accurate knowledge of the potability of 
:;a line waters than is at present available is now desir
able, as means arc in pros1,ect which may render eco
nomically feasible tile reduction of the salt concentration 
of highly saline waters to innocuous levels, and so 
increase the efficiency of the ut.ilizution of semi-arid 
pastoral areas. The experiments are referred to in more 
detail in Chapter VII., Section 9. 

7. STEREOCJ·U:MISTRY OF O ARil0IlYDUATES. 

(DiYision of Biochemistry and General Nutrition.) 
Although published evidence for the formation of 

compounds or coordinnte complexes between metallic 
ions and carbohydrates is extensive, the nature of the 
pt"oducts is known in only a few cases, and useful 
generalizations about the course of the reactions and 
their steric requirements are not yet possible. To 
achieve this end the factors involved in reaction require
ments are not yet possible. To achieve this end the 
factors involved in reactions between carbohydrates 
aud inorganic electrolytes arc being examined systema
tically by the ionophoresis of sugars and sugar alcohols 
on paper strips in dilute solutions of inorganic salts. 

In tlie early stages of this work, investigation of 
ionophoretie migration of reducing sugars and of 
sucrose in O.lN sodium hydroxide has illuminated 
knowledge of the behaviour of sugars toward ion
exchange resins. Later, the finding that particular sets 
of sugars do not always show the same pattern of rela
tive movement in all electrolytes in which complex
formation takes place has indicated that these differ
ences can be applied to the analysis of mixtures of 
carbohydrates by paper ionophoresis. 

A. co;11preh.ens~ve review on "The Stcreochemistry 
of Oychc Der~vatlves of Carbohydrates", commissioned 
by Advances 1,n Ca1·bohydrale Gheniistry, has been com
pleted, and is in the press. 

This review deals mainly with tho stereochemistry 
of the formation of cyclic acetals from carbohydrates 
and _provides the rationale of the work on complex for~ 
rnat1on between carbohydrates and inorganic reagents 
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mentioned nbove. Knowledge of the course of renctions 
between carbohydrates and metallic cations or anions is 
of considerable theoretical and practical importance, 
especially in biological chemistry. 

8. MrNort ELEllrnNT DEFICIENCIES IN .ANIMALS. 

(Division of Diochemistry and General Nutrition.) 

(a) General.-The wide range of studies of the func
tions that traces of metals serve in living cells has been 
discussed in previous Reports. A series of experi1_nen!a1 
studies of the effects of cobalt and copper defi.c1cnc1es 
on sheep gmziug on deficient pastures is referred to _in 
Chapter VII. The experiments reported below, wlule 
for most part directed to this end, have been conducted 
mainly with laboratory animals under controlled labora
tory conditions, and with sheep in pens and metabolism 
cages. 

(b) Copver Deficiency in the Rat.-The interplay 
of sulphate and molybdate in the m etabolism of copper 
bas been studied further in several series of critical 
experiments with rats sustained at leYels of copper 
intake ranging from those of extreme deficiency to those 
of considerable excess. The results confirm the con
clusions from previous experiments in this series and 
stress further that the toxicity of molybdate is Yery 
materially accentuated when the ingestion of sulphate 
is increased and that this effect may be overcome by 
augmenting the intake of copper. Ingestion of rela
tively large amounts of sulphate has little or no effect 
on the copper metabolism of the rat; and sulphide (as 
Na2S) is well tolerated by this animal. These effects 
are quite different in many respects from those which 
supervene in the sheep. 

( c) Copper Deficiency in the Sheep.-Long-term 
experimenta with sheep pen-fed on basal rations com
prised essentially of wheaten chaff and wheaten gluten, 
which contain very little molybdenum, have further 
illuminated the influence of sulphate and of molybdate 
on the copper metabolism of ruminants. Assessed in 
terms of concentration of copper in the livers of experi
mental sheep under these steady and otherwise adequate 
feeding conditions, 11dditional sulphate materially 
lowered the retention of copper after an initial ( ten 
months) period of a ppareIH lack of effect; additional 
molybdenum initially limited retention and subsequently 
had little effect; and a combination of sulphate and 
molybdate limited retention throughout the whole period 
of sixteen mouths, and very strikingly lessened the 
physiological status of the copper present in the tissues. 
The observed m etabolic complications introduced by 
molybdenum confirm conclusions <lrnwn in previous 
Reports An excessive intake of molybdenum tends, 
paradoxically, to increase the concentration of copper 
in the tissues but to decrease its availability for the 
requirements of some, but apparently not all, of the 
physiological functions in which copper plays an essen
tial role. Sulphate administered per os to the sheep 
tends to complicate the absorption or the retention of 
copper or both, and to favour both the formation and 
the excretion of the copper-molybdenum complex. 

The effects that molybdate, sulphate, and other ions 
in the blood plasma exert on the diffusibility of copper 
across cell membranes is being investigated. A series 
of papers embodying the experimental studies of copper 
deficiency that have been carried out in this Division 
during the past eight years a.re being prepared, and the 
broad eonelnsions which illuminate tlrn factors that 
lend to copper deficiency in grazing sheep will be pub
lished in the appropriate scientific literature. 

Experimental studies of sheep grnzing on. copper
deficient pastures are reported in Chapter VII., 
Section 6. 

(d) Zinc Deficiency in. An.imals.-Evo1ution. of 
chemical teclrniques that render possible the almost com
plet,e removal of zinc from foodstuffs as discussed in 

the previous Report. A series of experiments with rats 
on basal diets that are ostensibly free from zinc haye 
greatly illuminated the essential role that zinc plays m 
t,he metabolism of animals. During the year Zn65 of 
liigh specific activity was employed to estimate the rate 
at which zinc is lost from the tissues of zinc-deficient 
an<l normal animals. A number of radioautographs of 
the tissues of rats that had been injected with Zu65 

were made in order to localize the organs which pre
ferentially concentrate zinc. The experiments are being 
continued. 

9. VITAMIN D12 AND Oo1•rEn METAilOLISM. 
(Division of Biochemistry and General Nutrition.) 

(a) G eneral.-Experimcnts discussed . in previous 
Reports have provided unequivocal evidence that the 
effects of cobalt deficiency in ruminants are in fact those 
of a deficiency of the cobalt-containing accessory food 
factor, vitamin Il12, which is produced by micro
organisms within the rumen in quantities adequate to 
meet the requirements of the animal only when the 
fodder contains snfficient cobalt. Further investigations 
of the function of cobalt and of vitamin B 12 are out
lined below, and in Chapter VII., Section 6. 

( b) lliicrobiolog·ical Estimation of Vitamin B 12,

Applicntions of microbiological methods for the estima
tion of vitamin B 12 and its analogues to the assay of 
tissues and of the contents of the intestinal tract and 
excreta have illuminated considerably the factors which 
influence the production and destruction of vitamin B12 
within the tract, and its absorption and excretion. 
These studies are referred to iu Chapter VII., 
Section 6. 

( c) V itam·in B 12 and H ciemopoiesi.s.-The nnaemia 
associated with vitamin B 12 deficiency in the sheep was 
discussed in the previous Report. A. detailed study of 
the porphyrin metabolism in normal and vitamin 
13 12-deficient sheep has shown that as the state of defi
ciency progresses the free protoporphyrin in the red 
r·ells increases very materially, and recedes to a normal 
concentration after reinstatement of a normal vitamin 
B,~ concentration within the tissues. 

Electrophoresis of red cell extracts proved that 
coproporphyrin is present only in very minute amounts 
if at all in the sheep's recl cells. The same improved 
methods npplied to the red cells of patients suffering 
pernicious anaemia indicated that this state of virtual 
B12 deficiency has little or no effect on the concentration 
of free protoporphyrin in the red cells, and that there 
is a significant., though not spectacular, increase after 
vitamin B1:? therapy. Coproporphyrin was demon
sr,rated to be present in the human red cells in these 
latter circumstances. 

The macrocytie anaemia of the cobalt (vitamin E 12)

deficient sheep was found to respond dramatically to 
treatment with pteroyl glutamic acid, while other 
symptoms of the syndrome remained unaffected. 

10. PLANT NUTRITION. 

(Division of Biochemistry and General N utri tioll.) 
The programme of experimental studies of the mineral 

nutrition of plants is being contiimed. Having solved 
t:he broad nutritional problems which limit production 
of very large areas it is no longer practicable for the 
Division to seek out and deal with the many individual 
problems of husbandry imposed by small variations in 
soil types that will be encountered during development. 
To provide knowledge fundamental to the solution of 
these subs~diary .P:·oblems, experiment.a1 investigations 
of the basrn nutnt1onal. factors are bemg actively pur
sued under the more easily controllable conditions of the 
laboratory and the glass-house. These experiments are 
briefly referred to in Chapter III., Section 11. 
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11. FIELD STA1'JON8, 

(Division of Biochemistry and General Nutrition.) 

Semi-intensive studies of cobalt and vitamin B12 

deficiencies in sheep and of the intel'play of copper 
and molybdenum in the nutrition of ruminants have 
been canied out at the Division's block of pens situated 
nt the Waite Institute. 

The experiments on salt tolerance, on pro~ein supp~e
ments for sheep, and on the effects of chrome fluoros1s, 
which are described elsewhere in this Report, have 
been conducted at the Division's central field station, 
"Glenthome ", a property of GOO acres situated 11 miles 
+'rom the main la boratorics. This station now carries 
1400 stronrr-wooled (Anama) Merinos and a nucleus 
fl~ck of fin;wooled (Havilah) :Merinos. Developm_ent 
of this station i~ proceeding as labour and matenals 
become available. 

Severn! other field stations are situated elsewhere 
on tNTains where deficiencies occur. Field investiga
tions of phalaris staggers and of the deficiencies of 
copper and cobalt in sheep arc proceeding at Brecon 
and o.t Robe respectively. 

12. PHALAJUS ST.AGGERS, 

(Division of Biochemistry and General Nutrition.) 

This work is described in Chapter VII., Section':. 

13. UnEA AND NrTnOOENOUS Oo11rPoUNDS .AS A SouncE 
OF N JTROOEN FOR RuMEN :M1cnoonoANISMS. 

(Division of Biochemistry and General Nutl·ition.) 
This work is described in Chapter VII., Section. 8. 

VII. SHEEP. 

1. GENERAL, 
The sheep holds a unique position in the Australian 

economy. ·wool is our major export, and primary pro
ducts from the sheep industry such as wool, lamb, 
mutton, and hides comprise up to 45 per cent. of all 
.Australian rural production. The sheep, too, allows of 
the use of vast areas of marginal land which it has not 
so far been practicable to use for other purposes. With 
a sheep population of over 125,000,000 Au3tralia pro
duce~ about one-quartet· of the world's wool and about 
twice a!: much as any other country. lifore than one
half of the world's prodnction of fine wool comes from 
0111· dry inland areas. Thus, Australia has a vital in
terest in ensuring that wool can withstand the competi
tion from artificial fibres. The rema1·kable success of 
the latter has been due in the main to the clear under
standing, arising from research, of the physical and 
chemical properties of the new fibres. Moreover, the 
cliemical industry established to produce them is 
planned as a co-ordinated and organized unit, which 
ensures maximum efficiency and minimum wastage at 
all· stages. 

It is a major aim of tlie Ol'ganization's integrated 
programme of research in aid of the wool industr;y to 
investigate every phase of sheep and wool production: 
soils pastures and nutrition, genetics, animal hus
banclry, wool processing, textile manuf~ctt~re, and the 
exploitation of by-products. The Orgamzat10n has been 
given responsibility for carrying out this extensive 
programme under the provisions of tlie ·wool Use Pro
motion Act 1945, Tl1e Government lia~ sot aside funds 
enrmarked for this purpose amounting to almost 
£400,000 per annum in a Wool Research Trust Acro11nt. 
Further moneys for capital expenditure arc av~ilable 
from interest on the £7,000,000 of the Wool Industry 
Fund. 

Soil fertility is obviously of prime importance and 
outstanding results have been achieved in improving 
soil infertility arising from minor element deficiencies. 

On the plant side, too, special emphasis has been placed 
on paslure improvement and weed control. The work 
of the Organization on soils, pastures, and related 
matt.ers affecting the pastoral industry is canied out by 
the Didsion of Soils and the Division of Plant Industry 
(see Chapters II. and Ill.), 

Work on the sheep itself has been undertaken within 
the Division of Animal Health and Production 
(Chapter V.) and the Division of Biochemistry and 
General Nutrition ( Chapter VI.). The Division of 
Mathematical Statistics is closely associated with the 
breeding imestigations (see Section 14 of this Chaptc_r). 
The Animal Genetics Section's work on sheep breedrug 
is described in Section 15 of this Chapter. 

The Organization's work in the investigation of wool 
processing and wool textile problems _is undertaken_ ~t 
the ·wool Textile 11esearch Laboratones and the D1v1-
sion of Industrial Chemistl'y (see Chapter XVI.). 

The work of tha Central Exparimental Workshops 
on the construction of controlled climate rooms at 
Prospeet is repol'tcd in Section 22 of this chapter. 

2. N1JTRITION AND WooL PRonucnoN. 
(Division of Diochcmistry aud General Nutrition.) 

The general background of these studies bas been 
discussed in previous Reports: some o! the recent :find-
ings arn indicated in Chapter VI. 

A critical study of the causes of the. seasonal varia
tions in the rate of wool produetion has shown that 
:Merino sheep on constant rations and confined in 
metabolism cages under carefully controlled conditions 
grow wool at a steady rate. By far the greater part of 
the ma1·keu seasonal rlnctuations iu the rate of wool pro
duction by Merino sheep on pastures may thus be attri
buted to fluctuations in the nutritive ,,a]ue of the fodder, 
and in lesser part to the changes in the demands on the 
energy supply brought about by environment.al tempe:a
ture Yrtriations. There is lit.tlP. or no cvidenre wl11ch 
suggests that the.se. changes arc due to hormonal 
influences . 

During the year further studies of the influence of 
metabolic rate on protein utiliza tion hnve been made, 
and the imestigations of the metabolism of sulphur
containing amino acids have been continued. 

3". MrcnonroLoOICAL PnocESSES OF RtrMIN'ATIO~. 

(Di\·ision of Biochemistry and General Kutrition.) 
Duriug the year the im·estigations t'oncemcd with the 

fate of nitrogenous compounds in the eomplcx stomachs 
of the sheep haYc been continued. 

A series of experiments, in which the 11itrogen-lig11in 
ratios in the contents of the fore-stomachs and the 
abomasnm were used as a eritcrion of change, indicated 
that during fermentation of lucerne }rny within the 
rumen more nitl'ogen passes from the paunch than 
can be accounted for by the passage of material onwards 
to the omasum. 

Experiments described in tl1e preYious Report were 
repeated with sheep fed on wheaten hay containing a 
smaller proportion of nitrogen. Certain difference~ were 
obsen·ed. In the earlier series the nitrogen-lignin 
ratios in the rumen and the omasum thronghout tl1e dny 
were subst:rntially the same as in the fodder : in the new 
series t he ratios were again approximately the snme in 
the rumen and omasmn, but at fi,·e, ten, and sixteen 
homs after feeding they were ~omewhat higher than 
in the fodder. Sheep on a diet of wheaten hay of even 
lower nitro~en content were found to have a signifi
cantly hig-hcr nitrogen-lignin ratio within the rnm·en 
contents than in tl1e fodder 24 hours after feed ing. 
Other approaches nre being made to throw further 
li~ht on this pl1enomenon 1>efore drawin~ the con
clusions that seem to be indicated by these e~periments. 
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Sepurntion of bacteria and protozoa ,vere achie!ed 
from the r umen fluid of sheep that had been feel diets 
of wheaten hay chaff, wheaten stra,~ chaff + ~rea a~<l 
oat grain, and lnecrnc chaff respectively. AJ1~ltlo acid 
analyses by elution from base-exchange resins ':·ere 
made on hydrolysatcs of "whole pt·otein_" I!reparnt10_ns 
from these microorganisms. The results mdicated str_ik
ingly similar amino acid compositions,,af the pro~e~n:. 
of the bacteria from the three sources. 1 be composition 
of the protozoal protein was more va riable. A feature 
of possible nutritional sign ificance was the 11nusu11 lly 
high proportion of lysine in the protozoa. 

4. ENERGY ::M:ETADOLISM OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 

During the year the calori~netcr ch?rnbcrs have_ ~een 
employed almost constantly _111 a _vanety of studie" ~f 
the overall energy trnnsact1ons m the sheep. V e Y 
carefti llv controlled ex;periments rev~alcd . that the 
manifest. chano-e in the nature of the microbial popula
tion that supe~vencs on an abnonnally. low _cob_alt con
centration within the rumen does not affect sigmficantly 
the overnll "digestibility" of the fodder, . ~or alter 
materially the nature of the end products ansmg from 
dissimilation of the fodder within the alimentary ~anal: 
both the overall amount of combustible energy rn the 
products abso!·bed from. tlic intestinal tract and ~~~ 
capacity of this com bu~t1ble energy to meet the cnei .,.} 
1·equirements of the animal were unaffected by changes 
of the cobalt concentration within the rumen from a 
plentiful level to 01w of gross deficiency. 

5. CARnOIITDRATE M1,:·rAuoL1SM OF SrmEP. 

(Division of Biochemistry and General Nutrition:) 
-Some novel features of the interi:i1ediary_ metabolism 

of t he sheep have been montione~ m prev10_us reports. 
There is now no doubt tlrnt eertam n:e,t.a~olic c~iannels 
in the adult sheep are at lrast q~a11titativel,y different 
from those of other classes of amm11 l~. Further know
ledo-e of these <liffe1·ences are ess~ntrnl to the _under
sta~ding of metabolic dise~ses which affect r_umrnants. 

D etailed studi.es are bemg made of -certam as-pects 
of tho carbohydrate ~1etabolism. of. adult_ sheep and ~f 
young Iambs in wluch quantitat.1vc ddierenees . 1~1 c 
apparent. The abilit.y of the roung lamb. to utilize 
glucose is similar to that of othe~· arnmals, but 
deteriorates rapidly a f ter the lamb begms to graze a:1d 
the products of rumination take the p lace of its 
mother's milk. . . 

(a) Diabetic Sheep ancl Lambs.-Surgical pro
cedures which ensure complete removal of the pancreas 
from sheep have rendere,d •possible the us~ of com
pletely diabetic slieep for_ the study of certam aspects 
of carbohydrate metabolism. After pancreatectomy, 
both lambs and adult sheep develop severe hypergly
caemia and kctonacmin. Although the form~r S)'.mpt~m 
is a constant feature and is controllable with rnsulm, 
k etonneroia is 11ot an invariable result of total pan
createctomy in the sheep. The diabetic condition of 
those anin~als which develop ketosis is similar to the 
syndrome which f?l~ows inj_ertion _of nl_loxan, ?1;1t_ there 
is an important ddforence rn the 111sul111 seusit1v1ty of -
tlie two types of d!abetic nnimals; the S,)'1!"1Ptoms in the 
depaucreatized ammnls arc much more difficult to con
trol with insulin. 

Tliis phenomenon is being investigated further in 
relation to fat metabolism. Tl1ero is evidence from 
these studies tlrnt insulin plays a part in the utilization 
of the lower fatty acids. 

(b) Tox-icit11 of Fliwi·o(icetote.-The toxicity of 
fluoroacetate l~ns been studied furtl1cr. It is evident 
t hat sheeJJ are particularly susreptible to this poison, 
and that its toxicity is markedly influenced by the 
nature of the fodder ingested. 
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( c) Utilization of Glucose by I ntestin_al .M uco~a:
Exiperimen tnl investigation of the hexokmnse ~~tiv1ty 
of the intestinal mucosa indicates that the ability ?f 
this tissue to phosphorylnt1i glucose is much greater m 
the lamb than in the adult sheep. 

6. Mrnon. ELEMENTS IN THE NuTRITION oi,' SHEEP. 

(Division of Biochemistry and General Nutrition. ) 

(a) Oobalt Deficiency in Ruminant~.-Th_e series of 
studies of vitamin Bi2 deficiency meut1oned m the pre
vious Heport have been contrnued. _The rn~ioan~'s 
depeudeuce on certain classes _of the_ ~1croo~·gan~sms in 

its paunch for the production of i ts vi~amm Biz 
requirements, and the spectacular <lepress10n of the 
growth of these miero·organisms that supervenes when 
the cobalt concentration of the rumen contents falls 
below a critical lev.el has been r emarked u·pon in tho 
previous Repol't. Studies during the past year have 
shown that the rumen flora of sheep 011 experimental 
cobalt-deficient rations (containing < 0.03 1ig. Co/g.) 
produce 700-800 µ.g. vitamin B1dctay when tlte animal 
is supplemented with sufficient cobalt ( 1 mg. Co. day 
administered per os) to mainta in an optimal cobalt con• 
cent.ration in the rumen. Removal of the cobalt supple
ment. leads to manifest changes in the mixed culture of 
micro-organisms which inhabit the rumen and, within 
fom days, the vitam~i B12 pro?uc:tion falls to l~ss tha_n 
a tenth of that wluch prevails when the amrual 1s 
receiving adequate cobalt. The vitamin produced in 
rela.tivl'l abundance in the rumen is very poorly utilized; 
less than 5 pel' cent. of that prod uced is absorbed. 

S tudies show that the sheep loses approximately 6 
µg. vitamin Bi2/ day from its liver during the normal 
course of its metabolism. Confirmatory evidence has 
been obtained with experimental flocks depastured on 
cobalt-deficient pastures at the Division's field station 
at Robe. Preliminary investigations of the amount of 
vitamin B12 in the livers and blood plasma of sheep 
grazing on normal pastures indicate that seasonal 
alterations in the pastures lead to considerabJe changes 
iu the amount of vitamin Bi2 produced in the rumen, 
and suggest that on many normal pastures the sheep 
are in negative vitamin Bi2 balance d11r ing a part of 
each year, and thus depend upon the stores of the 
vitamin accumula ted in their livers during more 
favorable periods. 

These experiments have greatly clarified the under
starLdi11g of cobalt deficiency of grazing sheep, and have 
rendered especially clear the occasional rapid precipi
tation o.f the deficiency syndrome in flocks depastured 
011 incipiently cobalt-deficient terrai11. 

A series of other experiments concerned with the 
nutritional physiology of vitamin Bi2 and with the 
metabolic lesions which supervene on vitamin Bi

2 
de-ficioncy wi.11 be discussed fully in appropriate publi
cations. This work is continuing. 

(b) Cop11er Deficiency in Sheep.-The experiments 
mentio11ed in previous Reports ha,,e been continued. 
The findings from some of them are summarized in 
Chapter VI., Section 8. The behaviour of experimen
tal flocks on coppe2·-deficient pastures has yielded infor
mation which can now be bet.ter understood in the light 
of more intensive experiments with sheep in pens. 

Relatively large supplements of molybdenum (10() 
mg./day), administered to experimental sheep de
pastured at Robe. limited the copper stored in the liver s 
of sheep doeed with copper (10 mg. Cu/day), but in
cr eased the amount of copper retaiued by the sheep 
that receh·ed no copper supplement : in each ease tlie 
concentration of copper in tlie blood was inerrased. 
Sulphatr (3.2 g . SO.,/day) superimposrc\ for a year had 
no ~ignifi~ant e!fect on the liver stor11ge of copper, but 
dunng tlns penod the murkecl elevation of the copper 
conte11t o_f the blo~<l indneed by molybdenum dis~ 
appeared m those anunals t hat were supplemented with 
10 mg-. Ou/day. 
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.A comprebeusivo experiment to study further the 
nervous sequelae of copper deficiency in lambs born 
of copper-deficient ewes bas been star ted at Robe. In 
this experiment tho interplay of molybdenum nnd sul
phate on the copper metabolism of tho e.we and lamb 
wil1 be im-estigated. 

7. PH-lLAnIS S·rAooERs. 

(Division of Biochemistry an<l General Nutrition.) 
ln previous Reports brief reference has been made to 

a fatal malady which is responsible, at times and in 
certain arcns, for serious losses of sheep and cattle 
that have been confined to pastures comprised essen• 
tially of Phalari1; luberosa, and to the discovery that 
a small supplemeut of cobalt, administered as a drench 
at Joust once each week, will completely p1·otect the 
grazing animals from the poisonous effect of the toxic 
principle that presumably is present in the young 
shoots of this important perennial pasture grass. 

Further experiments havo been conducted at Ilrecon 
whic;l1 liavc proved that neither cobalt nor the cobalt,. 
containing accessol'y food factor, vitamin B12, afforch 
nny protection if administered parentcrally. The 
oxpel'irnents indicate that the protective action of cobalt 
is associated with the very cousiderable change in the 
nature of the mi.,ed population of microorgnuisms 
wi thin the paunch which supervenes when the cobalt 
concentration of the ingesta is increased from an 
incipiently deficient level. 

Some of the experiments now in progress seek to dis
covel' n means of ensuring protection t hat will obviate 
the necessity of frequent drenching. To this end, the 
effect of top-dressing Phalaris pastures with 1 lb. of 
cobalt sulphate/ acre was in'l"estigate<l at Brecon where 
the malady is prevalent. In Febrnary, 1953, 1 lb. of 
OoSO,1/acre was spread ovel' an experimental, Phalaris
domi11ated pasture, and an immediately adjacent area 
of the same pasture was left untreated to serve as a 
control. The experimental flock on the treated area waij 
completely protected in May of that year under condi
tions which led to 10 per cent. fatalities in the flock 
on the control nrea. 

In the first year, treatment of the pasture in this 
way increased the cobalt concentration of the Phalaris 
over twenty-fold (0.05 to 1.3 p.p.m. Co) dur ing July, 
out by November the difference was only twofold 
(0.0-1-0.09 p.p.m. Co). In the followino- year (1954) 
the cobalt concentration of the trented Phalaris pasture 
was not more than 0.04 p.p.m.-i.c. below that which 
would afford protection-and in March, 1955, the con• 
centrat.ious in the now green shoots of the Phalaris 
on botl1 areas wore below 0.01 p.p.m. Thus benefit of 
such cobalt dressings in this area ( and, from reports, 
in other areas) was transitory. This means of pro
viding extra cobalt is relatively expensive, and as its 
effects are short lived it is not recommended. Careful 
management and drenching with cobalt, however, will 
JJl'eYent losses from this malady. 

Experiments which aim to throw furt.he.r light on 
t110 malady are proceeding, and to facilitate these 
investigations the possibility of utilizing inigated 
pastures in conti11uous production so as to obviate the 
limitations imposed by variations in the incidence of 
rainfall are being explored. 

8. Um::A AND N rTROOENous CoMPOUNDS ,\S A Sounc11 
OF N1TnOGEN FOR R U MEN M1onoono,unsMs. 

(Division of Biochemistry and General Nutrition.) 
- Tim possibility t.hat urea or similar simple nitro
genous substances might find useful applicntion as 
substitutes for protein supplements for ruminants has 
been discussed in previous Heports. 

Experimt:nts conducted with sheep in pens hnve 
shown that when the diet contains relatively lnrge 
qnnntitios of simple carbohydrates, additional urea 

stimulates the proliferation of microorganisms within 
the rumen with the result that rueful quantities of pro
tein nre formed and wool production is enhanced. 

The economical feasibility of supplementing flocks 
i11 this way will depend on the efficiency of ut,ilization 
of the nitrogen source. Urea prornd to be toxic when 
fed under certain conditions as a constituent of supple
mentary mixtures: under other conditions it was poorly 
utilized. 

Attempts to employ dicyandiamide instead of urea 
were not successful. About a third of the experimental 
sheep died af ter consuming uitrogen from this source 
for periods of from 2-12 weeks. Tho symptoms were 
quite different fr_om ~hose arisii:g fr~m t11·ea-toxici~y 
which are due pr1manly to the liberation of ammon111 
at u ureater rate than can be utilized by the micro
organisms. 1']10 animals that tolerated the ingestion of 
10 g dicyauJiarnide ver diern certainly did not benclit, 
and their wool production was uninfiuence. Thus, the 
possible usefulness of <licyandiamide as n nitrogen 
source is precluded because it is poorly utilized by the 
rumen flora, and is toxic in certain circumstances. 

During the year under review, preliminary experi
ments have been conducted to investigate the feasibility 
of the production of useful amounts of bacterial protein 
by nddi11g urea and molasses to green £odder in the 
course of ensilage production. T he 1·esults will ba 
reported later. 

Iu a further attempt to produce bacterial protein 
from urea, without subjecting the animals to hazard, 
dry standing pastures were sprayed with molasses and 
uren. The results of these experiments were equivocal. 

o. SALT TOLl>lu.NCE OF SHEEP A.ND POT.&.BILITY OF 

SToc:i;: WAT.Ens. 

(Division of Biochemistry and General Nutrition.) 

1\ series of long-term experiments hnvo been initiated 
to determine precisely the tolernnce of sheep to sal ine 
waters. 

The firsr of these experiments has pro,·ed that waters 
coutnining 2 per ccHt. of NaCL is toxic for sheep on drl 
fodder : there is, howeYer, evidence of adaptation to thJS 
high concentration. The experimental sheep whose 
drinking water contained 1 and 1.5 per ceat. NaCL 
haYe suffered no untoward effects during the nrst ten 
months of observation; nor lias this treatment had any 
effect on the electrolytes in the blood plasma of these 
animu ls other than to increase the chloride concentra
tion to leYels which, though considerably higher than 
nsual, nre compatible with normal health. The observa
tions will he continued, and the effects which supervene 
on tho addition of other ions, SO4=, IlOO3 -, Mg++, 
Ca++, &c., that are present in most o.rtesian waters 
are being oLscr.-ed. 

The hazards of chronic fiuorosis originating from the 
high fluoride concentration of certain artesian waters 
has been mentioned in previous Ilcports. The experi
mental studies of the toxicity of fluorides present in the 
drinking· water of grazing sheep have been continued. 
After three years, the mottling of the enamel and signs 
o~ selective ab!·asion of the molars has become progres
sively_ ~evere m the grazing sheep confined to water 
contammg 20 p.p.m. F. This deterioration of the teeth 
is now_ having an adverse effect oo the productivity of 
the ammals-~oth body weight and wool production is 
affected, especially during the dry grazing conditions 
of late summer. Reproduction has not yet suffered
the numbe_r. of lan~bs y.rodncecl by ewes in this group 
has not chffered significantly from that produced by 
t~e control e~ves. The influence that high concentra
tions of flnonde contained iu the drinking water has on 
the young lambs has been discussed in the previous 
Report. 

Those experiments have indicated the limits of 
fluor ide tolerance, and have produced the knowledge 
upon which may be based husbandry procedures for 
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uvoiding the nntoward effects of wnters containing 
fluoride. Problems associated with the removal of 
fluoride ions from artesian waters so as to render them 
innocuous may now be defined with sufficient accmacy 
to assess the economic feasibility of dealing d irectly 
with certain bore waters which limit the usefulness of 
some of the pastoral country. 

10. °M:ETABOLIS:\I IN PnEGNANT EwEs. 

(Division of Animal Health and Production.) 
Pregnancy 1'oxa.eu1ia Investigations ( Sheep Biologp 

Labora.tory).-In continuing the biochemical investi
gation of this disease, studies have been made on 
naturally occurring cases and on normal and fasted 
pregnant ewes. Attention has been focused on the 
levels of volatile fott.y acids and kctones in the blood, 
the utilization and tolerance of glucose and acetate, 
aud the variations in content of coenzyme-A in tissnes. 

C011tradictory keto-acid analyses ou the blood of 
sheep affected b.)7 pregnancy toxaemia were often ob
served an<l an explanation is being sought. The 
accumulated evide11ce suggests that, both in fasting and 
in pregnancy toxaemia, there is interference with the 
oxidation of 02 compounds via the tricarboxylic ncid 
cycle. This docs not appear to be the immediate cause 
of the clinical condition but it may be a major predis
})osing influence. 

11. Dnor;onT FEEDING AND l{ELATJ-:D PnoDLEMS. 

(Division of Animal Health and Production.) 
Drought feediug experiments with sheep have been 

continued by the staff of the 1.'Iellifoster Laboratory in 
collaboration with the New South Wales Department 
of Agriculture at. tbe Veterinary Research Station, 
Glenfield. Financial support was again provided by 
the New South Wales Graziers' .Association from the 
Burdckin Bequest Fund. 

(a) 'l'he Ferforrnance of Merino Ewes on .Main
tenance and Submai.ntenan.ce Rations.-Groups of 
three-vear-old Merino ewes were fed for seven months 
on rations of oat grain only plus 1.5 per cent. finely 
ground limestone at levels of 4, 3, nnd 2 lb. starch 
equivalent (S.E.) per head per week n.t daily and 
weekly intcn·als. 

The results supported earlier experiments. The 
sheep were maintained for months in good store con
dition on 1 IIJ. S.E. At 3 and 2 lb. S . .l!:., mean losses 
in body \\'eight during the seven months were approxi
mately 9 and 25 lb. respectively. 

Few death$ occurred in groups on the 4 and 3 lb. S.E., 
but at 2 lb. S.E., losses increased as the experimental 
period leugthened and 27 per cent. died durigg the 
seven-month period. The general performance of the 
daily and weekly fed groups was very similar. 

The results indicated that sheep can he fed satis
factorily during a. drought of several months on grain 
only at an e,·en lower level than p reviously recom
mended, pro,·iclecl sufficien t care is taken to hriug 
them on to the r ations gradually. 

( b) U l1:liza.tion of Low-quality Roughage by Merino 
8heep.-J\<lult li[erino wethers were fed ad lib. for 
195 days 011 low-quality roughage ( chaffed cereal 
straw and wheaten chaff) which contained 3.5 per 
cent. crude protein. Subgroups were given a supple
ment of 4 oz. pe1· bend per day at daily, twice-weekly, 
and weekly intcrrnls. The supplement contained 18.9 
per cent. Cl'Udc protein and consisted of a mixture of 
luccrne chaff, wheat, linseed meal, molasses, and cobal
tized salt plus vitamin A. The contro1 group 1ost an 
avcrnge of 30.5 lb. body weight, whereas the loss in 
the supplemented groups ranged from 4.8 to 11.1 lb. 
The control group consumed an average of 0.99 lb. 
low-quality roughage 11er head per day, and the supple
mented gi-oups 1.16 to 1.60 lb. The supplemented 
groups also produced 1 to 1.5 lb. of wool per head 

more than the controls. Of the control sheep 25 pei 
cent. died compared with 2.8 per cent. of those which 
received a supplement. 

In a second experiment, approximately 450 two
tooth Merino ewes were divided into 22 uniform groups. 
The c.omparative performance was investigated of 
sheep fed ad lib. for 168 days on low-quality roug~
ages which c.ontained 2.4 and 3.5 per .cent. protein 
( chaffed oaten straw, 2.4 per cent. protein, and appro
priate addition of wheaten chaff to attain 3.5 per 
cent. protein). Within each of theso major groups, 
subgroups received supplements daily or twice weekly. 
The supplements used (per head/per day -basis) were 
6.1 oz. lncerne chaff, 4 oz. mixed supplement, as used 
in tlie previous experiment, 3.14 oz. linseed meal, 3.14 
oz. crac.ked wheat, 3.14 oz. cracked wheat plus 7 per 
cent. urea, and 0.038 per cent. sulphlll'. 

The control ewes on 3.5 per cent. protein rough
age survi \'ed longer and cut more wool than those on 
the 2.4 per cent. protein roughage. Within each 
experimental subgroup those on the basa l 3.5 per cent. 
prntein roughage showed higher survival rates, greater 
wool production, and smaller body weigl1t losses, a~d 
cousumed more than those on tl1e 2.4 per cent. protem 
roughage. 

1Of the supplements used, linseed meal gave the best 
results. There was little difference between lucerne 
chaff, the mixed supplement, and wheat plus urea and 
sulphur. 

(c) Vitamin A Requirement of Sheep.-The groups 
which received lnccrne chaff or the concentrate mix
ture in experiments referred to under (b) maintained 
relatively normal plasma vitamin A levels throughout, 
whereas the other supplemented groups showed sig
nificaut decreases. The vitamin A levels of the con
trol groups showed little change throughout. 

The relative e-fficiency, absorption, storage, and 
utilization of a single dose of Yitamin A was studied 
when given to sheep in oil, as an emulsion O!' as a 
water-soluble dispersion. There was no significant 
difference in the performance of the three treated 
groups and all were superior to the control animals 
which were grossly depleted in Yitamin A. A ~ingle 
massive dose satisfied the vitnmin A requirements of 
sheep for approximately six mouths after treatment. 

Plasma samples were collected from gra~,ing ewes 
in New South Wales and Western Australia to detect 
changes in the vitamin A levels over p1·olonged dry 
periods, hut unseasonable rains bave interfered with 
these projects. 

12. ToxICITY OF LARGE RATIONS Ol' W1n~AT. 
(Division of Animal Health ond Production.) 

"\:Vhen sheep consume excessiYe amounts of wheat or 
other cereal grains, severe haemoconcentratiou occurs 
and may reach 140 per cent. or more. Interest has 
mainly centred upon the mecha.uism of this condition. 

It has now been shown that the baemoconren tra
tion is associated with o fall in plasma volume and 
a great increase in red cell volume, and tlrnt there is 
little change in blood volume. :Further experiments 
showed that the increased red cells were deri red from 
the spleen, an important blood reservoir in the sheep. 
The change in plasma volume appears to be due, at 
least in part, to osmotic movement of water from the 
tissues into the 1·umen. The general pictme appe;:irs to 
be that the rapid generation of large amounts of lactic 
acid in the rumen gives rise to greatly hypcrtonic 
fluid. This in turn leads to J)rogressi ve osmotic 
hypohydraemia, during the earlier stages of which 
the entry ilito the blood of red cells stored in the 
spleen tends to keep the blood volume normal. Since 
the limit of this compensatory mechanism appears to 
be about 30 per cent., further haemoconcentratiou is 
probably then due to continued fall in plasma volume 
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and hence of blood volume. The characteristic lact
acidaemin and acidosis arn probably due partly to 
entcrogcnous lactic acid absorbed from the rumen or 
elsewhere, and partly to endogenous lactic acid arising 
as n consequence of stagnant hypoxia from haemo
conceu tration nnd poss1b1y also of histotoxic hypoxia. 

A toxic factor in rummal fluid from wheat-gorged 
sheep, similar to thnt described by Dougherty in 19-!9, 
was studied. L1tra l'enous injection of 1-10 ml. caused 
se,·ere haemoconcentration within a few minutes. 
Injection of normal ruminal fluid was without cftect. 
This investigation is continuing. 

13. IN1; 1m'rJLI'l'Y .AND PnYsIOLOOY 01, Rm'ROD'UOTION. 

(Division of Animal Health und Production.) 

(a) Breeding Season of J.lierino Ewes in Relation 
to the Lighl Environment ( Uni-versily of Queensland). 
-To test the response of .Merinos to the light environ
ment, two groups of IJeppin strain ewes with vasecto
mized rams have been observed for incidence of oestrus. 

The control group received the daily duraticn of 
lighting normal for Brisbane. The second group was 
su bjecte<l to reverse seasonal lighting conditions by 
means of appropriate black-out arrangements and 
supplementary artificial lighting. The experiment 
began in February and oestrus was at a high level 
iu both groups during the first three months. There
after the effect of the light treatment became apparent 
and, after May, the trend in the incidence of oestrus 
was opposite in the two groups. The r esults indicate 
that the oestrus pattem in :Merinos resembles that of 
the mutton breeds, but is Jess decisirnly separated into 
seasons of quiescence and activity, and that the breed
ing season is regulated by light change. 

( b) Seasonal Variation in lhe Level of Ji'e1·tility in 
Merino Shee1J (Animal II ealth Laboratory, 111 el
boitrne ).-Observations to compare the results of join
ing in June-July and December-January have been 
completed. Fewer lambs were bom following the June
July joining owing to the failure of some ewes to 
mate, the failure of others to lamb, and the occurrence 
of somewhat fewer twin pregnancies. The results of 
joining -in mid-December were very similar to those 
obtained in previous years. 

Merino ewes, six to seven years old, selected for a 
high proportion of twin births, were brought into pens 
and maintained at constaut weight on a uniform diet 
of dry feed. The ovaries were examined on four 
occasions by laparotomy, and significant variation 
was found in the proportion of ovulations which were 
multiple. These observations are proceeding. 

( c) Failure in 0onceplion and Ernbryon-ic .Mo1-tality 
in Merino Ewes.- O£ 67 ewes, 34 were found to have 
more than one corpus luteum in the oval'ies, and the 
number of foetuses in the uterus 93 to 136 days after 
mating closely approximated the nu.mber. to be 
expected if each ovum, whether occurrrng smgl,r. or 
otherwise, were to have an equal chance of g1vmg 
rise to a well-developed foetus. 

(d) lnduci:ion of Heat in Spayed Merino Ewes w-illi 
Slilboestrol.-To determine the response of :Merino 
ewes to l'epeated administration of oestrogen, stil_bocst
rol is ·being injected into spayed ewes at fortmghtly 
intervals. This work is in progress. 

(e ) Diagnosis of Pregnancy in ihe Ewe.-The value 
for experimental purposes of a type of pcritonesc~pe 
which is introduced thl'ough the rnginal wall is berng 
tested. Present results suggest that pregnancy can be 
diagnosed with a high degi-ce of accuracy eight to 
nine weeks after conception. 

(t) 11Iatin,<J and its Outcome in the Field.-In. five 
Merino flocks observations initiated in the previous 
year were continued. Failure of ewes to mate, failme 
to lamb after mating, and losses among lambs contri
buted to wastage. The relative importance of these 

factors varied in the sample groups from the different 
flocks. Failure to lamb, whether or not it was ussoci
ated with failure to mate, was a more important source 
of wastage among the ewes joined in early N ovember 
than among those joined at other times. A much 
greater variation, due largely to seasonal variations 
in the pasture, was evident in the growth of the lambs 
after weaning than -before it. 

Observations on mating rmd lambing in sample 
groups from a Corriedale flock in which half of the 
ewes were joined in December and half in May showed 
that approximately the same numbers ma'terl and 
lambed, but some 38 per cent. of lambs from ewes 
joined in December died before marking and only 
12 per cent. of those from the ewes joined in ~fay. 

(g) Effects of Ji igh 'l'emperalure on Pregnancy in 
Merino l!Jwcs ( University of Queenslund).-Previous 
work has shown that high temperatures are inimical 
to satisfactory gestation in li.omney Marsh ewes. 
Observations have now been extended to Merinos whicb 
are frequently exposed to hig h temperatures follow
ing spring matings iu Queensland. Exposure in the 
hot-room for seven h.::mrs daily at 105° :F. dry bulb, 
D2° F. wet bulh raised rectal temperatures of ... vlerino 
ewes by some 3° F. and the respiration rate to about 
200 per minute, but conception, lambing, and the 
birth weight of lambs was not affected, compared with 
controls, when treatment commenced on the day of 
mating or when the ewes were 38 days pregnant. 
Groups of ten and twelve ewes were used. Pregnancies 
in all groups were of normal duration. It was con
cluded that the heat treatment used, which seriously 
reduced lambing percentage and the birth weight of 
lambs of Romney Marsh ewes, was without appreci
able effect on Peppin strain Merino e.wes. 

( h) Photoperiodicity Slud-ies on Pregnant Ewes.
Various workers liave shown that a gradually decreas
ing amount of light or a low light to high darkness 
ratio initiated oestrus and ovulation, whereas the 
n•verse treatment inhibited their occurrence. At 
Armidale 110 di fferences were detected in respect to 
length of gestation, mortality, vigour or birth weight 
of lambs, increase of lamb's weight after birth, mater
nal instinct, o.r lactation between groups of twenty 
fine-wool Merino ewes subjected to six hours' light
eighteen hours' darkness, or 18 hours' light-six hours' 
darkness, and control groups kept in open pens or 
paddocks. 

(i) Physiology of the I<'oetal and Neo-Natal Lamb 
(Sheep Biology Laboratory).-Prcvious studies on the 
reproduction in the sheep ha,·e indicated a need for 
information on the physiology of the lamb, espeeially 
during the critical periods immediately preceding and 
succeeding bfrth. The initial work has been la1·gely 
exploratory i.n nature. 

(i) Estimation of Placental Blood Volume.- The 
conventional dye <lilution method for estimation of 
eirculatiug blood volume proved unreliable when 
nppli€;d _to .the placenta in vivo. A procedure based 
upon m,1ection of_ sheep ~ed c~lls which have previously 
been . I:ibelle? w_ith rad1oae~1v; phosphorus (32P) Is 
u11de1 mvest1gat1011. Loss of 3-P from cells labelled in 
vi110 is less rapid than from cells labelled in vitro. 

( ii) R elalion.~hip between vl' ei,qht of Lamb and of 
Cotyledons. - Correlation coefficients of about 0.7 
between the birth weight of lambs ond weight of 
foetal coty lcndonary tissue of afterbirth have been 
found in .the offspring of a heterogeneous series of 
ewes and m three even lines of ewes. 

(iii) Eff.ects of F'astin,q on New-born, Lambs.
Lambs wl.nch were ~ed normally during the first 36 
hours of h1:e sh.owed mcrease in weight of some viscenl 
organs, _ma1.ntamecl a rectal temperature above 102° F., 
and ma1ntam ed blood sugar levels at about 110 mg./100 
ml. By contrast, fasted lambs showed loss in weight 
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of liver o.nd kidney fat, decrease in rectal temperature, 
o.nd a fall in blood sugar level to an avernge of 
50 mg./100 ml. 

(j) JJ:fl eels of il1 alnutrition During Terminal Stage 
of Pregnanc11 in Ewes.-Severe reduction in food 
intake <luring the last two weeks of pregnancy resulted 
in early parturition, reduced birth weigh of lambs, 
de,layed onset of lactation, and reduced milk yield. 

(k) Rectal Temverafare in New-born Lambs 
(Animal Health Research Laboratory, Jl1elbourne).
.At the Tooradin Field Station the rectal temperature 
varied between 103 and 105° :F. in most lambs during 
the £rst week after bi1-th. In a few lambs it fell below 
102° F.; in most of these the dam's milk supply was 
less than normal; however, it was clear that other 
factors may be involved. 

( l) Seasonal Tl arialion in Lactation.-A further 
study has been made of the milk ejection produced by 
different doses of posterior pituitary extract. Tlie 
influence of the test interval on estimates of milk yield 
has also been investigated; also tlie completeness of 
e~tr~ction of milk by hand after injection of posterior 
p1tmtary extract has been compared with that when 
the lamb is allowed to suck. It has become evident 
that both strains nnd breeds differ in their response 
to posterior pituitary extract. These observations on 
factors which may influence estimates of milk yield 
are being continued, but it is already clear that, in 
Merino ewes, hand milking following administration 
of posterior pituitary extract gives a reliable estimate. 

A difference in the course of lactation was found in 
sample lots of ewes joined in June-July and December~ 
January respectively. This reflected a difference in 
nutrition due to seasonal changes in the pasture. With 
the lambs of the one group, born in the spring, the 
rate of gain to twelve weeks was positively correlated 
with the milk yield, but with those of the other group 
it was not. 

(m) Neo-natal llfortality in Lambs.-(i) Effect of . 
Husbandry Practices on La.nib ]I[ ortalily.-Obscrvo.
tions on the incidence of lamb deaths between birth and 
marking unde1· different system of lambing husbandry 
were continued at Armidale in 1954. The syst,erna 
eompared were modified paddock lambing, station pad
dock lambing, unattended paddock lambing. and Inter 
lam bing " off shears " nnd "in wool". Details of these 
methods were given in reports for 1953 and 1954. 

(ii) Effect of Pre-lam,binq Drenches of Copper 
Sitlphale on Lamb lilorlal·ity.- In many instances liver 
sections from lambs that have died within a day or 
so of birth show heavy deposits of haemosiderin. It 
was suggested that this might be clue to copper 
deficiency in the ewes and be a possible cause of earlv 
deaths aT?ong lambs. Therefore 60 pregnant two-yea1:
old Mermo ewes were given a weekly drench of 
copper sulphate (70 mg. copper) for five weeks prior 
to lambiug, 1?ut no ~-ed_uction in lamb mortality resulted, 
compared with a s1m1lar control group. Liver copper 
values of three lambs in each group killed at 48-57 hr. 
of age were within the normal range. No haemosiderin 
was seen in liver sections from the three lambs in the 
treated group, but it was present in two out of three 
lambs in the co11trol group. This will be checked in 
a larger experiment. However, hnemosiderin has been 
observed in liver sections from the majority of 47 
apparently normal lambs killed at "Ohiswick" at 
intervals from birth to 48 l1r. old. 

( n) E_(f-ect of Age at First Lambin_q on the S1d1-
sequent Performance of Ewes.- In a trial commenced 
in 1954, £nc-wool Merino e.wes were mated for the first 
time at 7, 19, and 31 months of age to investigate the 
effeets of age at first lambing on their subsequent 
performance during normal breeding life. Only three 
of the 40 ewes mated at seven months subsequently 
lambed. Of twenty ewes mated at nineteen months, 

eighteen lambed; and in a similar number mated at 
31 months, seventeen lambed. The birth weights of the 
lambs from the two younger groups of ewes were lower 
than from the older group. 

14. BnEEDINa AN o GENETIOAL STUDIES. 

(Division of Animal Health and Production and 
Division of Matliematical Statistics.) 

(a) Inbred F'loclc of 1\'lerinos (F'. D. Mc.1.1'/aster Field 
Station).-The programme of inbreeding without 
selection is continuing. In spite of the replacement of 
low-fertility sires, lambing results are still poor. 

Matings have been discontinued in the top-crossing 
experiment. Final observations on the 1953 progeny 
will be made at shearing. 

( b) Inheritance of Component Fleece 0haracters.
Preliminal'y data on densi ty of fibre populations 
( parental and F 1 generations) and on ratios of primary 
to secondary follicles (F 2 generations) from Merino 
x Border Leicester crosses did not suggest dominance 
as far as density was concerned nor was there simple 
segregation in the ratios. The first progeny of the 
reciprocal matings were born in October. 

(c) Birth Goat and Follicle St?.tdies.-Birth coat 
and skin samples were taken from Merino lambs. The 
ratio of primary to secondary follicles at birth was 
1: 3.02 for :Merinos. The high density of fibres in adult 
Merinos is, therefore, a post-na ta! dcYclopment. 

(d) Studies on Twins in Merinos.-(i) Selection for 
1'w1'.11s.-In the first lambing of this trial 48 twin
bearing ewes mated to rams born as twins gave 24 
sets of twins, whereas 53 single-bearing ewes mated to 
rams born as -sin7les gave six sets of twins. 

(ii) Sl.·in Follicle Comparisons betitJeP.n Twin and 
Single l,amb.~.-Foetnses were> obtained at ages of 7i'i, 
115, and 135 days and skin biopsy specimens were also 
taken from 20 twin and 20 ~ingle himbs at bil'th. 
Sections lunre been prepared for follicle countinl?. 
This study has now been extended to twin and sing!1i 
1ambs at twelve months of age. Counting has bceu 
cornplctccl on sections taken from thci:P. lamlJs at birth 
and is proceedin~ on material from the same animab 
at twelve months of age. No differences ban• bP.Hn 
fom1d between twin and sinide lambs in ratios of 
primary to seconda:-y follicles ¥at birth. 

(e) St11dies on Merino E!l'es with Dcferlire Url(lers. 
-The results obt:iined have been analysed aud pre
pared for publieation. 

(f) FlPece-rot.-To extend earlier observations on 
this proulem a number of sheep from the stl'8ins trial 
nnd groups of early and late-shorn fine-wool .ewes 
were examined at Armidalc to note the incidence of 
fleece-rot following heavy rains over eight wc>t dnys 
there in January. The strong-wooled non-Peppin 
strain proved very susceptible, the fine non-Peppin was 
least affected. and the medium-wooled types were inter
mediate. Early-shorn (Sentcm bcr) ewes were more 
seriously affected (36 per cent.) than November-shorn 
ewes (15 per cent.). 

(.q) Horned·11<:ss in Sheep (" Gilruth Plains " , C11n• 
nannrlla).-Matings are being continued to test the 
hypothesis tl1_at there arc two main pairs of genes 
concerned with hornedness and polledness in the 
Merino. 

(h) Sta.tisticnl Shtdy of the Ausf.ralian St11d 11{erino 
Flock Register (Sheep Biolo_qy LaboralonJ) .-Flock 
records publisl1ed for the period 1921 to 1!)50 ha.Ye been 
tabulated a nd collated, nnd movements of hrl'.'rdin"' 
stoel~ between stud -flocks ha\·e been analysed. Thes; 
studies have been prepared for publication. 

(i) Strni11s of Merino Sheev in Se1,cra7 Rni·iron
ments.-In, this e~perirne~1t, now i~ its sixth year. 
sheep_ of fhc ~ermo 1;1trams are bemg run as smn1l 
br~cch;1g flocks 1_11 efl~h of three environments with the 
obJcehon of estimatmg (1) the importance of strain 



x environment interactions as determinants of adap
tntion to environment, and (2) genetic parameters 
for a ran"'e of strains and environments. 'l'he routine 
collection° of data at the three field stations has pro
ceeded and in addition, skin samples have been taken 
from the bulk of the ewes in the experiment to com
plete the description of the strains and to estimate 
the heritability of follide group characteristics and 
their relationship to direct measures of production. 

Analyses of data, so far, have aimed mainly at 
estimating strain x environment interactions. During 
the past year some of the data from animals born 
<luring the experiment have been analysed; preliminary 
results suggest that a similar situation to that fennel 
in the foundation ewes may obtain, i.e., that inter
actions between strain and location in many characters 
are real though usually smaller in size than the main 
effects. 

Analyses of the relationship of crimp and fibre 
diameter have been continued and suggest that (1) 
the slope of the 1·egression of diameter on crimp in 
any one strain is independent of age and location; (2) 
the diameter corresponding to a given crimp may be 
effected by both environment and age; and (3) there 
are considerable differences between strains in the size 
of this regression eoe'flieient. 

The relationship of various measured and scored 
wool traits to prices paid is being studied with wool 
data from the experiment and mean price data 
supplied by the Australian Wool Bureau Statistical 
Service. T he results indicate that count is the major 
detenninant of price with colour and length :filling 
smaller roles. 

As the various levels of production achieved by 
the strains rnay be due, in part, to differences in 
fodder consumption, methods ·of estimating the feed 
intake by the grazing animal are being examined. 

( j ) Project A Bl (" Gilruth Plains", 01mnamulla). 
-This breeding trial, conducted by o'flicers of the 
Divisions of Mathematical Statistics and Animal 
Health and Production, was reorganized in 1954 and 
now consists of two parts. Ono part contains three 
closed groups with different methods of sire selection 
(mass, ha1f-sib, and random control). In these groups 
the 1954 sires were r emated or replaced by better 
half-sibs in 1955; control group sires were entirely 
replaced. The other part contains eight pairs of 
groups, in each of which selection is for a high or 
low vn lue of a single character. In the five pairs 
established in 1954 unrelated rams replaced the initial 
sires at the 1955 matings, so as to increase the initial 
gene- pool, but the groups will now be closed. In the 
other three pa irs, the sires were remated or replaced 
by more extreme half-sibs. 

Vurious production estimates available from ADl 
and other sources have been used to calculate the age 
structure of ewe breeding flocks which will give the 
maximum return from selection. These studies are 
bC"ing extended to cover the optimum rate of ram 
tu I'll () \'Cl'. 

The possible effect 011 other mC"nsured characters 0£ 

confining ewe selection entirely to greasy wool weight 
h11s been im·cst.iga ted theoretically, using A Bl figures. 
Fibre number and staple length would have been 
increased among the selected ewes, but the effect on 
other characters would have heen negligible. 

15. GENETICS QI,' SHEEP. 

( .i-_\nimal Genetics Section.) 
Examination of d ifferences between breeds of sheep 

lrns continued. The fact has been confirmed thnt 
differences in fleeces between breeds does not sho,v until 
the development of secondaries in the first weeks of life. 
An examination of :Merino twins and sin(J'les also con
~rms earlier findings th11.t growth rate bef~re and after 
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birth affects the structure of the follicle population. 
Slow growth results in fewer seconc1al'y follicles form
inl>'. Analysis of a wide variety of data has suggested 
that the weight of wool per unit area of skin is deter
mined either indenendcntly of densit"' of fibres or is 
negatively correlated with it. To get further informa
tion on this point a search has been made for mozaic 
sheep having patches of skin of different density. 
Se,·erul have been located. Two arc now to hand of 
which one lias been examined. In this the weight of 
wool was increased in the area where density decreased. 
Area of fibre per unit area of skin was the same in both 
types of skin, but the less dense patch grew the longer 
fibres. 

16. DrnLOGICAL SToIJTES OF SKIN AND WooL GROWTH. 

(Division of Animal Health and I->roduction.) 
(a) Endocrinology of Wool Growth (Sheep Biology 

Laboratory).-(i) Wuol Growth ancl the Anterior 
Pituitary Gland.- Earlicr experiments have shown 
that normal wool growth is dependent on the secretion 
of tl1e anterior pituitar_y gland. Work is continuing 
to find the anterior pituitary hormones responsible. 
Anterior pituitary extracts are being prepared by frac
tional extraction at low tcmneratmes with ethanol
water mixtures accompanied by ii ppropriatc adjust
ment of pH and ionic stre1wth. Further fractionation 
of extracts is beinl! carried out by continuous-zone 
electrophoresis. After electrophoretic analysis 
extracts are tested for t heir capacity to restore wool 
growth in the hypophysectomized sheep and are assaye<l 
biolo::rieallv for content of known pit11itary hormones. 

Work is also beinrr done on the improvement of 
appnratus and methods for the zo1ie electrophoresis and 
chromatol!raphv of nitnitar,y proteins. 

(ii) Wool FoZZ.icle De·velopment a11cl the Thyroid 
Gland.-Following earlier experimen ts which showed 
that thyroidectomy of the new-born lamb suppressed 
the completion of wool follicle development, fnrther 
work lrns shown that t byrnxille gi vPn to ewes during 
pre~naney and to lambs after birth hastens the com
pletion of secondary follicle development, but under 
good nutritional conditions the 1111.mber of active 
follicles eventually produced was no greater in the 
treated lambs. 

(iii) Wool Growth arid the Thyroid Glon.d.-It has 
been shown that removal of the thyroid in adult sheep 
depresses wool growth to about 40-50 per cent. of 
normal. The wool growth respouses of normal adult 
ewes to increasing do5es of thyroxine have also been 
stucUecl. The doses ranged from about the estimated 
normal secretion rate of thyroxine to sixteen times this 
amount. On the highest doses most of the sheep died 
from hyperthyroidism within eight weeks. Wool 
growth showed a progressive increase with increasing 
thyroxine dose, being about 40 per cent. greater on 
the highest dose, However, at doses within the physio
log ical range which did not cause a marked hyper
thyroidism, the wool growth increase was small and 
was accounted for by the slight increase in food intake 
which occurred; there was no increase in the efficiency 
of wool growth. The results so far do not suggest 
that variations in thyroxine secretion account for 
individual aud environmental variations in wool 
growth. 

The present results do not support the commercial 
use of thyroxine to i11cre11~e wool growth. Further 
work is required to determine au nrceptable degree of 
h_vperthyroiclism with regard to life-time productivit,v 
and reproduc.tive performance before the economics of 
tlw practice enn be established . Heat tolerance would 
be impaired in animals receiving thyroxine and higlrnr 
doses would probably be tolerated better during the 
cooler part of the year. 
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(iv) Wool Growth and ihe Adrenal Cortex.-The 
influence of the i11terior pituitary on wool growth 
throul?'h its effect on adrenal cortical secretion is being 
examined. Eady results support the hypothesis that 
the adrenal cortex exerts an inhibiting effect on wool 
growth, and this mechanism may underlie the condition 
of "break" or "tenderness" of the fleece and possibly 
other natural variations in wool growth rate. The 
administration of adrenocorticotrophie hormone to 
normal sheep suippresses wool growth and in suitable 
dosaite causes " break " or " tenderness " . The effects 
of adrenalectomy on wool growth a.re being examined. 

(h) Experimental Histology of Skin and Ilair.
The study of the development of skin in the foetus 
and young animal has been continued along several 
lines. A large part of the wo1·k has been performed 
on sheep but comparative aspects have been approacl1ed 
by experiments with mice and marsupials; colonies of 
two marsupial species, the brush possum ( Trichos1irus 
v11,lpec1ila) a11d the bandicoot (Pemrneles na.suta), have 
been establish('d because they are extremely suitable 
animals for studying many of the p roblems of skin 
biology. 

It has prcviousl_y been observed that on the mid-side 
region of the foetal lamb the first primary wool follicles 
appear at about the fifty-eigh th day of age. Skin 
removed from the m id-side r egion of a 70-day-old foetus 
was maintained in t issue culture for as long as 38 days. 
During this· period, •primary follicles underwent com
plete differentiation from simple buds to fully developed 
follicles with emerging wool :fibres; sebaceous glands 
and sudoriferous g lands were formed in association 
with primary follicles. Some follicle differen tiation 
and wool fibre growth occuned also iu cultures of skin 
from foetuses of 80, 98, and 124 days of age. 

The histological development of the skin and wool 
follicles in the :Merino foetus has been reinvestigated 
and sewrnl important p1·ocesses, including the develop
ment of branching secondary follicles, were described 
for tl1e first time. 

The influence of the genes "Tabby" and "crinkled " 
on tl1e development of hair follicles in the mouse has 
been studied. T hese genes completely alter the 
clrnracter of the mouse pelage by suppressing the initia
tion of certain hair follicles in embryonic life, and the 
analysis of their effects contributes to the understanding 
of mammalian coat development. 

( c) Slc·in and Fleece Devclo p11ient.-( i) Recent 
evidence indicates that, in sheep under normal manage
ment, all follicles are initiated prior to birth and that, 
at birth, it i s possible to forecast the maximum 
secondary-primary :fibre ratio likely to be attained in 
post-natal life. The proportion of immature follicles 
which :finally progress t o the point of fibre production 
is determined by environmental conditions during pre
and post-natal life. Adverse conditions during early 
post-natal life limit the number of secondary follicles 
which mature and finally produce fibres. Pre-natal 
conditions appear to have only a small (but significant) 
effect on the numbers of follicles initiated but may well 
have a marked effect on the "viability" of the immature 
follicles present at birth. 

It has been established that the great bulk (65-85 
per cent.) of secondary follicles are producing fibres 
b_y the time an animal is one month of age. 

Preliminarv observations indicate that the number of 
primary folli~les present on an animal is determin_ed 
prima~·ily by ~he size o'. the foetu~ at 90 da;y:s. Val'la
tions m density of primary follicles at this age nre 
probably unimportant. 

(ii) Invest,igations of tho in~eritance of birtb-co~t 
type in n flock of South A.ustrahan (Bungaree) stram 
of :Merino sheep indicated very high heritability. The 
actual estimate of heritability from 'both full-sib corre
lations and parent-offspring regressions was 0.75. 

There was a small but significant difference between the 
mean birt,h-coat grade of male a nd female. lambs--ewe 
lam.bs tended to have coarser birth con ts than ram lambs. 
Current evidence indicates that the character is deter
mined by a number of genes. 

lin association between birth-coat grade and fertility 
has been observed. Fine birth-coat ewes tend to have 
lower general fertility: this appears to be associated 
witl1 a pre-natal loss of more female than. male 
foetuses. 

Investigations of the relation.ship of birth-coat grade 
to adult fleece characters are continuing. 

(iii) Examination of the relationship of fleece weight 
to body weight in South Australian strain Merino 
sl1cep indicates that the effect of body weight is simply 
tb at of providing a greater fleece-bearing surface. No 
correlation between body weight and wool production 
per u;1it area of skin W!lS obscr\"ed. Studies relating 
to wool production from defined areas of skin are 
continuing. 

.(iv) Investigations on the effect of the plane of 
nrntrition during pre-natal aud early post-natal life 
indicate that adverse nutritional conditions during these 
stages limit the number of secondary follicles coming 
to maturity. If, however, adequate nutrition is subse
quently permitted, )jttle effect on body weight or total 
fleece production is obser,·ed. Those animals with low 
follicle numbers tend to produce longer and thicker 
fibres. These observations, together with other s, suggest 
that the number of follicles is not a determinant of total 
wool production, but is a determinant of mean fibre 
weight. These observations are now being subjected 
to more detailed examination, 

17. SJ-lEEP D ISEASES. 

(Division of Animal Health and Production.) 
(a) "Toxaemic Jannd1:ce " of Sheep.-Tbis co

O}JeratiYe investigation has heen continued at the 
Animal Health Research Laboratory, Me1bourne. 
I nvestigation of natural outbreaks, in co-operation with 
the veterinary research staff of the Department of 
Agriculture of New South Wales, has been carried out 
on the same lines as in previous years. Some of the 
losses investigated have been due to uncomplicated 
chronic copper poisoning in grazing sheep, some to 
straightforward heliotrope poisoning, but some have 
added further weight of evidence that sheep that have 
grazed heliotrope have become more susceptible to 
chronic copper poisoning and that tbe deaths have been 
due to a terminal haemolytic crisis. 

I nvestigations of the two diseases have progressed 
along the following lines:-

(i) Chronic Copper Poisoning.-The field experi
ment at Tumbarumba was discontinued, but plot trials 
were laid down to determine the effects of dressing!! 
of rnolybdate, phosphate, and gypsum on the molyb
denum and sulphate content of subterranean clover 
growing in that environment under ,conditions of early 
autumn rains. Although the season· opened well there 
was no follow-up rain during the autumn and the 
observations had to he abandoned. 

Further laboratory studies to determine the quantita
tive relationship between molybdenum and sulphate 
intake in their effect on copper metabolism have con
firmed the earlier observations that1 as the sulphate 
intake is raised, molybdenum becomes more effective in 
r est,ricting copper accumulation in the liver of sheep on 
a high copper intake but that increase of su1phate 
intake above an optimum value bas no greater effect; 
t,hat for any given sulphate intake restrictions of 
copper accumulation in the liver and in tbe animal as 
a whole increases as the molybdenum intake increases 
until a maximal effect is obtained. Further increase 
i11 molybdenum intake then has no greater effect on 
limitiJ1g copper storage. Similar relationships between 
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molybdenum nnd sulphate intake and the rate of loss of 
stored copper in sheep on low copper intakes have also , 
been demonstrated. However, when the molybdenum 
and sulphn te intakes are raised to very h igh levels 
(100 mg. and 10 g./day respectively) loss of stored 
copper ceases. These conditions are accompanied by a 
rise in blood copper and an inhibition of copper utiliza
tion with the immediate appearance of some of tho 
signs of copper deficiency. 

und insensitive to actndione. Some improvement 
resulted when seriously affected sheep in the field were 
treated with 1 ({. chloromycetiu or 600,000 units of 
procaine penieilliu injected intramuscularly, but the 
cases relapsed after heavy rain. Laborotory tests are 
in progress regarding the most efficient route for the 
administration of tbese antibiotics to sheep. 

An antigen was developed which, in o complement 
fixation test, detected eirculating antibodies to this 
infection. Efforts are being made to isolate the anti~ 
genie fraction and to test its immunological significance. 
"(e) Contagious Ophtha,lmia (McMaster Laborcitory). 
.lhe value of 1 and 3 per cent. chloromycetin, and 3 
per cent. aureomycin eye ointments, together with 1 
per ceut. chlorornycetin in glycerine, lrn.s been tested 
for tl1e treatment of contagious ophthalmin (pink-eye) 
in sheep. No treatment produced spectacular results, 
but the best were achieved with 1 per cent. ehloro
mycetin in glycerine, particularly when the sheep 
were kept in the shade. 

Loss of fleece character, e.g., crimp, under these con
ditions bas now been demonstrated in both Merino 
and crossbred sheep. There is some evidence that 
similar results may be brought about by appreciably 
lower molybdenum intakes if continued over a long 
period. 

(ii) Heliotrope Poisonin_q.-Studies with rats of 
tl1e acute and chronic toxicological and pathological 
effects of the pure alkaloids isolated from H eliotropfo:rn 
europaeum are continuing and a start has been made 
on the invcsti~ation of the effects of the administra
tion of these alkaloids to small animals on the en?.yme 
systems of the liver. The most characteristic change 
has been fo11n<l to be n prog-ressive enlnrgement of 
the liver cells which mny increase twenty-fold in 
volume. The cell seems to lose its capacity to divide. 
T he death rate of the cells is thus incrensed nnd the 
liver becomes atrophic. Fnrtlier, tlie copper content 
of the liver i,:; increased. Tbe changes nre thus similar 
to those. which occur in sheep that have consumed 
H elinfrnpi11m e11ropnenm. 

(b) Copper !if efabolism St11rlies on Sheep in Western 
A 11.~l·ralia..-A t :M errrdin n slie-ht fo 11 in liver conner 
vahies was noted after green feed became available 
in the a11tnmn: tl,;~ wns rnnel1 1c~~ than in 1951 and 
19;'i3. Jn the Wilnna arra, where hyriercuprosis 
or.curs, lii~tolo<>-ira l eYrmination of livrr sertim1s taken 
from opn"rr>ntly lwnlthy sheen ~lrrnirhtercd for meat 
snnnlies foile<l to ~how any ~i!mificant abnorrn11lities. 
.At the Brrimley Researeh Stat.ion. sl1ern and al~o 
c11h1es are be111_g irronpe,1 for t,he study of the effects 
of c:razin!!' nn n copnrr-rlefirient area. In relation to 
copnp1• metahnlis,m stndiPs in shPt>n, a survev of the 
inor!!sni11 sn lnhnte lPvels in Wes,tern A ~1s,tr11 lian 
pnstnrPl' l111Q her>n commf'nred; so fin. the samples from 
the ni?;ricultnral areas l1ave yielded normal to low 
valnes. 

(c) 8lu•11fh Rnt in Shrep (Animal Ilenlth L,,71ora
tor71. ]If P.l11011rne) .-Dnring the year some further 
observ11tious, were made on rans,nl fartors and eonti-ol 
mP11mrPs. Jt was reported previously that wet.her~ 
afferted while grazin!! on eert,ain postures usually 
rerovpr if kent on a diPt of oaten chaff. 

Of 2R nenned Tiorder Leiceste1· wetl1ers. fed on erp1al 
parts, of lucernP hay and oaten hay, ei~hteen developed 
the disPFl~e. F.lr>vpn of tl1cm which were moved to a 
hare yarcl nnd fed on meadow hwv rerovPred within 
fo11r WPr>ks. At the Werribee Field Stntion 30 of 
86 1'rfr1·ino wetbers irrazin!?: on perem1ial ryeirrass
corksfoot-r>lovcr pastnres develoord lesions of all 
deP"l"Pes of sP,1erit,y. The 30 afferted Rl1eep were placed 
in bare yards and fed on meadow hay derivi1d from 
tlrn ~ame pastnreq. Twenty recovered within fonr 
WPr>kq hnt even after sixteen weeks four were still 

· aff PrtPrl. 
It has been concluded that lucer.ne as hay was a 

r.amnl factor, at le~ct for Bor,lC'r Leirc~ters, and 
f11rt.herrnore, tbnt meadow hay made from the pasture 
whid1 caused tbe disease when green, is virtually 
harmless. 

( d) M ycotic Dermatitis ( !If cM aster Laboratory).
The sensitivity of tl10 causal organism N or.ardia der
m.atonom11s was tested in vitro to penicillin, cl1loro
mycetin, aureomycin, streptomycin, sulphamezathine, 
nnd the fungicide actadione. It nroved ver_y sensitive 
to penicillin, aureomycin, and chloromycetin, moder
ately sensitive to streptomycin and sulplrnmezathine, 

(f) Footrot (Mcltlaster LaborcttonJ).-An attempt 
was made to investigate whether Fiisiformis nodos11.s 
could be transmitted to sites in experimental animals 
other than the foot of the sheep. Jntradermal inocu
lations and scarification of the feet of rabbits and 
guinea-pigs, nnd inoculations into the anterior chamber 
of the eye. of rabbits and sl10ep, were unsuccessful. 
The addition of clippings from the hoof of a sheep 
to a eooked-meat medium ~eatly increased the. rapidity 
and amount of growth of 11•. nodosus. A similar effect 
was produced b_y- incorporating l1orn clippings into a 
solid medium. Gelatine did not have this effect, nor 
did .t.J:1e addition of tryptophane nnd methionine. The 
adcht10n of potato starch to the medium produced 
slight improvement in growth, but charcoal produced 
an effect equivalent to the born clippings. The effPct 
tl1ereforc appears to be adsorptive. No antin-cnic 
difference could be demonstrated by rm acr,..lutin~tiou 
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tests o ant1sera prep111·ed in rahbits between strains 
of F. rl{)dosus grown with and witl1ont horn clippingll. 

(g) Br11cellosis in Sheep (Animal Ifealfh Laha~'l
tory, Jlfelbourne ).- Limited studies on the cansal 
organism lrnve been continued. Altl1ouah it resembles 
?act.e1·\a of the genus II aernophilus in many re,:n<>rts, 
rneh1dmg some p;rowth requirements, it is conside1·ed 
tlrnt it more truly belongs to the g-enus Rrucell,t, 
resembling a non-smooth variant of Rr. aborfns. It 
is of very low virnlencc as judire<l by guinea-pi.,. inocu
lation tests as well as by its effects on sheep. 

0 

18. I NTERNAL PARASITES. 

(Division of Animal H ealth and Produetion.) 
(a) St11dics on A nthelmintics ( !if clilasfer .Lnbora

/:ory) .-(i) Phenoll1iazine.-Preliminary ob~eirvations 
sug&est that pure pbenothiazine may be slightly more 
effi.~1ent than "commercial" phenothiazine against 
Trichosfron_qylus spp., and that certain impurities may 
reduce efficiency. 

For some experiments it is desirable to rais,e and 
maintain sheep worm-free on pastures. To ascertain 
whether repeated doses of phenothiazine would acl1ieve 
this, groups of sheep 1n the field were dosed with 
either l O g. weekly or 5 g. twice weekly for nine weeks. 
.A f tcr the first week most faecal cultures were nega ti,vo 
for larvae of H. contort1ts aud Oe. col11rnbian11m but 
eont.inued to yie~d n few Trichostrongyius spp. l;rvae 
throu,'!11out. Neither method made the faeces" helmin
thologically sterile" and when administration was dis
m:~nti.nned, numerous larvae renppeal'cd in eultures 
w1tlnn a few weeks. 

(ii) Pl1 enothia.zine Derivati1Jes.-The synthesis of 
3,: 7-dichlorophenothiazine and 3: 8-dichlor~phenothia
zme was undertakon to provide compounds for a 
study ~f the mode of action of pbenothiazine. The 
synthet.ic me~hod finally chosen involved starting from 
the appropnate chlorino.ted o-aminobenzene thiols. 
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The on1y general synthesis of the latter class of com
pound is the reaction of a substituted aniline with 
sulphuryl chloride to g ive aralthiazathionium salts and 
nlknline hydrolysis of these. P reparation of substan
tial quantities of the benzenethiols by this route 
required a thorough re-exnmination of this reaction. 

(iii) Pi7Jerazine.-This h as been shown overseas to 
have useful au thelmintic effects against eerto.in nema
tode parasites of man, horses, fowls, pigs, o.nd dogs, and 
was found Yery effective against Syphacia and As7>ic1t
laris species in mice. Some preliminary trials on 
sl1eep had the following results. Four g. piperaziue 
hydrate, piperazinc diacctate, or "Safersan" pipera
zi11e-l-carbodithioic betaine) injected into the rumen 
were uniformly 100 per cent. efficient. against Oesopha
,qostom11mi col11nibinnnm and Oe. ven11los1tm, but ~vere 
not effective agaimt H aemonch1ts con/,orltts or 'l'richo-
6trongylus spp. ; 4 g. piperazine hydrate into the rumen 
was not effective against Ohaberlia 01rina; up to 25 g. 
piperazine hych-ate into the rumen, or up to 10 g. into 
the abomasnm, were not effective Against Tricho
strongylus col11brif ormis; 4 g. piperazine hydrate into 
the nhomusum was not effective against II. contorl'lts 
but a similar dose of "Safersan" (which breaks down 
into pipernzine a nd carbon bisulphide in contact with 
gastric juic:e) was effective against H. contortus but 
11ot against 1'. cofobrifoi·mis; piperazinc hydrate added 
to a copper sulphate-nicotine sulplrntc mixture wns 
very effective against I-I. contorfos and Oe. colum
biomwi, but the treated slieep showed severe tem
porary incoordination ; an emulsion contaiuing carbon 
tetrachloride and piperozine hydrate was higbly effec
tive against B . contort11s and Oe. coluinbianum: 
rnorpholine acetate, r elnted to pipernzine, was inef
fective against oxyuricls in mice, and in limited trinls 
with sl1eep was not e:ffeetive against H. conloritts or 
'1'. colttbriformis. 

(iv) ill iscellnneo11s A nthelmintics.-Fnrther trials 
with hexHchlorethane u1 solution in liquid paraffin or 
tetrnchloretbylene, or in mixtures of these, showed that 
4 g. was effective against I-I. conlortus and Fasciola 
liepatica when injected into the rumen, whereas the 
usually recomm enced dose of hexachlorethane, as a 
dispersible powder, is 15-20 g. per sheep. 

Nicotine sulphate (0.75 ml. in 30 ml. water) given 
to sheep after swabbing the mouth with 10 per ce.nt. 
copper sulphate to clt,se the oesophageal groove, was 
effective agau1st T. axei, but 1.2 ml. injected into 
either the rumen or the abomasum was not effectiYe 
against 1lfoniezia spp. These results are contrnry to 
t he usnal recommendation that nicotine is effective 
against tapew(n'ms in sheep. . 

A dose of 0.125 g. s()dium arsenite into the rumen 
was not. effective against 11[ oniezia spp., but the same 
close into the abomas11111 was effective. It appears 
thnt, if soluble arsenirals are t1sed against 111oniez-ia, 
spp., they s}1ould be administered with or immediately 
after a dose of copper sulphate solution. 

A rnixtnre of copper sulphate, nicotine sulp1iate, 
and 1: 8 dihydroxyantlm1quinone reduced infestations 
with Oe. colu.rnbianmn, 'l'ri'.cliostrongyltts spp., and H. 
confoi-lus nt:nong sheep under .field conditions. Sections 
of livers and kidneys showed some pa tholog ical changes 
persisting as long ns three ,veeks after drenching. In 
Western Anstn1lia, the compound has been used effec
tiYely in n field tri a1 to r emove Chabertia ovina without 
affecting 'Ti·ir.l1.ostrongyl11s spp. 

(v) Drenching with the .McMaster Tiibe.-The 
anthclmintic efficiency of phenothinzine and, nppar
eutly, of pipera7,iJ1e, is independent of the oesophagenl 
groom reAex, but because of their selective anthel
mirttic effects i t may be necessary to combine tl1ern 
with anthelmintios which are not independent of this 
reflex. .Accordingly, furthet observations on the reflex 
were made in sheep especially in relation to the prin
ciple of drenchin:r with t.l1e Mc:M:aster Tube (oeso
phageal tube). Wi thdrawal of fluid through an 

abomasal ptincture will reveal an indicator dye readily 
but on some occasions the abomasum can11ot be readily 
located. Methylene blue, when swallowed into the 
abomasum, appears in the urine wit.bin 20-30 min., 
but when swallowed into the n1men does not usually 
appear for at lenst 3-4 br. Phonothiazine appeared in 
the urine after 30 min. when swallowed into the 
abomasnm, but not until after 2 hr. when s,vallowed in to 
t,he rumen: When the mixture of copper sulphat.e and 
dye i.ndicator was administered through a McMaster 
Tube, the dose was swallowed into the abomasum in 
only four of 24 sheep, but when the mouth was swabbed 
with a 10 per cent. solution Qf copper sulphate 
immediately before the tube was passed, the dose wns 
swallowed into the abomasum in fourteen of eighteen 
sheep. 

(vi) Anthelminlics against Oxy1trids.-In tests of 
:in tlielmintics ag-ainst oxyuri<ls in mice, phenothiazine 
sl1owed simil11r degrees of effi ciency against Sypharfo 
ohvela/,a and Aspicularis tetraptern. Pipera1.ine 
diacetate a.ml phe11otbiazine were effective 11rrllinst 
these oxyurids; v-hyd roxyphenothiazine. J: 4 thin:r.ine 
arctate, and N-methyl rinerazine dih:v<lror.hloride 
sliowed some aC'tivity; wl1ilc tlie aretvl ester of 
p-hydroxyphenntl1iazine, O-Ptlioxynhennthin:i:ine, m
cl1lo1·onhenothia:r.ine, m-metboxyphcnnthiazine, n-n 
dimethyl pinerazine diflrctate. monocarboxynipera7.ine 
tartrate, basic t,etra bydroouinoxn 1 inc, and th iazine 
acetate were ineffective against these_ nematodes. 

(vii) Poisoning ancl Photosensitization with Plumo
thfozine.-Although occasional cases of phenotbinzine 
poisoning of sheep have been reported, it is a r elatively 
non-toxic anthelmintic. Generallv young anima h 
nppear to be more susceptible to it than adults. In 
im·e~tirrations at ArmidaJe a dose of 20 rr. pl1enothiazine 
resulted in the death of lambs ae:ea' .from se,rn to 
11ineteen d11ys; fh-e dierl within two· days of drenching, 
aftrr showinrr incnonlinat ion. prostration, nnd roma 
witl1 marked d0r~itlexion; anc1 three othPrs <liE><l from 
one or two weel,s after drenching without showin" 
di~tinctive symptoms. 

0 

The incidence mid severity nf pl1otosensiti1.ation in 
JfJ1111g' lambs was increased following dremhin!! with 
either JO or 20 g. of or<linnry ""nr~P nhennthia-,.ine 
01· a finely-irrr,unrl prcpflration. The hi!!l1er <lo•<' bnd 
tlie J?ren tf'r eff Prt. h•1 t tliere was no difference between 
tbe two preparations. 

(b) _rontrol of Frrscioliasis (lifcl,.fosfer l,abnrrrfnry). 
-Rab1tRts of S imlimnrrea s11.bnr,11a!rrl1'.s in th e Kan
imbla Valley ancl at Oberon in N ew Sonth Wales ha1·e 
lleen treated with copner pentachlorpl1cn11te. A~ trN1t
ments were repeated on several occasions it is diffir.11lt 
to a~scss the degree of effirienry possible lw a sin"'le 
npplication with tlie best techniques avnilable. 

0 

At Oberon, the habitats were· treated by dnsting a 
supe1·phosphate "blower", and small r esidual areaa 
o( infestation were retreated with 11. h a11cl duster a 
month later. As some snails still survived, the whole 
area was re-treated by spraying after a further four 
months. .A small residual pop1ilation remaineci :md 
110 gl'eat incrense wns seen uutil late the following 
summer. The livers of 55 lambs born in Au.,.ust 
.1954, in the paddock in which all habitats hnd 'bee1~ 
treated were exnmined, and no evidence of damage 
hy fascioliasis was seen. 
.. \t_ J.Canimbla Va!lcy the_ areas_ t reate~ by spra:ring 
m wmter showed slight res1du11! mfestat1ons but there 
was no apprecia-ble increase until late the followin"' 
summer. Other _areas treated . in late winter, and 
r~-treated n fortnight late1·, coutmued to harbour con
s1dern ble nurn bers of snails. 

It is cl;1ar that, if the snail population is r ednred 
:•ory _cons1~erably _by the application of mollttscicidc.; 
in wrnter, 1t remarns low, at least until the eud of the 
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following summer, i.e., during th~ period when climatic 
conditions nre generally most smtable for the comple
tion of the life cycle of Fasciola hepatica. 

( c) Epidem,iological Investigations ( .M cilfosler 
Labo1·atory and Reqiona.l Pcistoral Laboratory, 
Arm.idale) .-Field studies have been conducted in 
southem New South Wales and in Tasmania in an 
attempt to discover when yonng sheep, naturally 
exposed to infestation, develop resistance to 'Pricho
strongyli1,s colub1·ifonnis. Groups of weaners were 
dosed with iI1fective larvae in succeeding mont}1s and 
the occurrence or otherwise of resistance was assessed 
from subsequent faecal egg counts. No clear conclusions 
can yat be drawn. 

After three years' observations on the epidemiology 
of nematode infestation of sheep in Western Australia, 
appropriate times for strategic preventive drenching 
c,,H Le recommended. 

At .Armidale, the previous observation that sheep 011 

sown pasture carry lower worm burdens than those 
on native pasture has been eonfirmed. This has 
previously been thought to result from the higher nutri
tional level of the sheep on sown pasture, but work 
during the year has strongly suggested that it is 
associated mther with the greater intake of infective 
larvae from the native pastures. Wheu the nutri
tional level on sown pastures was kept low by restricted 
grazing, worm burdens were not increased. On the 
other hand, the use of an appropriate technique for 
recovery of larvae from pastures has yielded calcu
lated recoveries up to 0.5 million per acre on sown 
pasture compared to over 4.5 million 011 native pasture. 
Moreover, although sheep on sown pasture were pre
viously shown to harbour lighter infestations with 
the nodule worm ( Oe. colmnbianmn) and much fewer 
larvae nodules in t.he howel wall, when n dose of 
infective larvae of this species was administered to 
groups of sheep on sown and on native pastures respec• 
tivcly, the resulting infestations were similar in hoth 
grouns. 

Further observations on the microelimate in relution 
to survival of nematode eggs and larvae have been 
confined to a study of temperatures in faeces exposed 
on sown and ou native pastures. 

( d) Resistance and I mmimity to Nematode I nfesta
tion (llfcJlfaster Laboratory and Regional Pastoral 
Laboratory, Armidale).-(i) I nitial Infestation in 
Relation to Resistance.-Studies on acquired immunity 
to Trichost.rongylus spp. were continued in an attempt 
to discover the effects of different levels of initial 
infestation on the development of resistance and the 
time required thereafter for resistance to develop. 
Observations are continuing nnd no conclusions can be 
drawn as yet. Some trials with lnmhs suggested that 
an initial dose of T. colubriformis at four weeks of 
age did not induce resistance but that most of those 
dosed initially at eight weeks of age were resistant 
when challenged some weeks later. 

A valuable observation made in connexion with these 
experiments was that as many ns twelve weeks may 
elapse after a challenge dose of infective larvae before 
the faecal egg count rises. During this period, the 
titre of the serum has usually been high and body 
weights have been stationary or have fallen. Two 
sheep killed in this condition were harbouring soma 
20,000 worms although their faecal egg counts were 
vir~ually negative. This confirmed 11 previous obser
vation that, at times, in sheep challenged with '1.'. 
cofobriformis, egg production by the female worms is 
suppressed so that faecal egg counts do not indicate 
the degree of infestation. 

(ii) Possi,ble Effects of Antibodies in the Ewe$' 
Golostrum,-.'r:he possibility that such antibodies may 
affect the ab1hty of young lambs to develop resistance 

to worm infestation is under invest1gat1on. It has 
been found, both at Armidale and at the 1\fc:Master 
Laboratory, that lambs do not readily acquire resistance 
detectable by serological tests. Lambs reared under 
worm-free conditions and transferred while still suck
ling to native and sown pastures during the summer 
and autumn at Armidale failed to acquire infestations 
with Oe. columbiam,.m. 

(iii) "Self-cm·e" Reaction.-In further work on 
the mechanism of the "self-cure" reaction to Haemon
chus contort1ts, the histamine level in the abomasal 
wall of a resistant sheep at the height of the reaction 
to insertion -0f larvae was found to be comparable to 
that in worm-free sheep. 

( e) Exsheathrnent of I nfectiv! N ema,tode Larvae 
(Ncilfaster Laboratory) .-Infect1ve larvae of nema
tode parasites of sheep were found to commence 
exsheathment in that portion of the alimentary tract 
immediately anter ior to the region in which the a.dults 
a.re normally found. Thus, IIciemonclms contortus. 
Oslertagia circmncincta, and Trichostrongyfos axei 
commence to exsheath in the rumen; Trichostrongylus 
cofobriformis, N ematodirus spalhiger, and N. abn,or
malis in the abomasum; and Oesopha_qostomum colum
bian111n ii1 the duodenum. Specific differences in the 
rates of exsheathment were detected. A study has been 
made of the stability, under various temperatures, of 
the exsheathing factor from the alimentary tract. 

The presence of a live larva ,vithin the sheath is 
necessary if exsheathment is to take place. Isolation 
of various po1·tions of larvae from the area in which 
the sheath is fractured have indicated that n region 
in the vicinity of the base of the oesophagus is con
cerned in -the process. 

Present indications are t.hat differences in the rate 
of exshcat.hment of T. col1tbrif ormis and N ema.todirus 
spp. are not responsible for their different locations 
in the small intestine. 

(f) Route of Infestation of Strongyloicles papillosus 
(iliclllaster Laboratory) .- The oral route of infection 
by th1s species is well know11 to be unreliable. It 
has been found that this can be explained, insofar as 
ruminants arc concerned, by the lethal action of the 
ruminal fluid on larvae of this parasite. Infection 
through the skin occurs readily . When larvae are 
administered by the mouth it is probably only those 
which pen etrate the adjacent skin or mucous mem
brane which become established in the gut as adults. 

(.g) Parasfte Sur-vey (Regional Pastoral Laboratory, 
Armidale).-Obserntions have continued with par
ticular reference to external and internal parasites of 
foxes in the New England region. 

No hydatid tapeworms (Echinoooccus granulosus) 
were found in eighteen foxes, but two dingoes were 
both infested, one heavily. Examination of the 
stomach contents of foxes suggests that their diet makes 
them unlikely hosts for this tapeworm. 

The following parisites have been rE!<!orded from 
foxes in the New England region: Oestoda-Diphyllo
bothrium erinacei, Dipylidium caninum, Taenia 
hydatigena, Ta.enia pisiformis, and Taenia, serialis; 
nematoda-Ancylostoma caninum, Toxocara canis, 
T.rrichu.ris vulpis, and Uncinaria stenocephala; Pen
tastom ida-Linguatula serrata; Acarina-Swrcopfes 
scabei (var vulp·is? ); Siphonaptera-Otenocephalides 
rnnis. Final identi:ficat.ion awaits confirmation by 
passage through intermediate hosts. 

,(h) Parasite Physiology and To~;icology (ltfcMaster 
Laboratory).-Prcliminary work has indicated that the 
w11ter content of the wall of the small intestines of rata 
infested with Nipostrongylus muris is two to three times 
greater than in normal rats. The movements of water 
to and from the intestines and the rate of protein 
digestion in infested and non-infested rats are under 
investigation. 
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(i) Bi~logical_ Acti·vity of Complex lons.-Hesearch 
was contmued m collaboration with the Cbernistrv 
l le1~artn~ent of the University of Sydney. The work 0;1 
ant1ch?lmestcrase activity has been concluded with the 
~ollo:vmg results. The cationic complexes inhibit the 
m ?~tro activity of the enzyme reversibly and com
petitively by an interaction with the anionic site of the 
enzyme surface. This interaction is brought about by 
coulomhic forces. Consequently, the overall charge 
nm! its distributi.on on the complex a.re the features 
w!J1ch determine its 1·n 11ilro inhibitory activity. The 
more the posi ti\·e chai-gc i.;; localized on the surfaco 
of the ion, the strongrr is its inhibitory power. 

When the anticholinesterase activity of the complexe;i 
was first compared with tl1cir toxicity to mice it seemecl 
that the two aetiom were parallel bnt when more com
pounds were tested some differences were found. It 
wa~ al:'O fouud tliat cserinc, a potent anticholinesterase 
and inhibitor of the action of curare, inhibited the 
lethal r.lfoct of these complexes. The toxic symptoms 
pointed also to a curare-like effect. The causes of the 
diffcrcn~es in rmzyme inhibition and toxicity of t11e 
c·omplexcs are being investiga ted. 

(ii) Carbohydrate 111etab·ol1:sm.-It was found earlier 
that some inorganic Co-complexes caused the same 
type of hyperglycaemia as CoCb, but without destruc
tion of the pancreatic a-cells. Enzyme systems con
cerned in mobilizing liver ""lycogen were tested but 
I . . t., ' 

t 1ere was no activity of Co-complexes on them. On 
the other hand, dihydro-ergocornine, a sympatliicolytic 
agent which inhibits CoCl2-byperglycaemia a lso 
inhibited the hyperglycaemia caused by inorganic Co
com plexcs. Hyperglycaemia caused by these agents is 
apparent,ly non-speCJific and is caused by adrenaline 
liberation. The action of CoCh on a-cells is coinci
dental. The presence of a liyperglycaemic-glyco
genolytic "hormone" in the a-cells is open to doubt. 

(iii) 1Voll11.scicide Acf.·ivily of C01nvlex Ions.-Thc 
molluscicidal properties of a range of complexes was 
examined on B1tllinus sp. and Si.mli11tnaea s·ubaq1tatalis. 
Some of the complexes caused reversible paralysis of 
the snails. Homogenates from the foot muscle of thes(; 
snails exhibited considerable cholinesterase activity. 
The enzyme im-olved is being pnrified, and a strongly 
active enzyme which probably belongs to the group of 
pseudocsterases has been isolated. 

( i) 'J'he Synthesis of S1ilphonamides ( 111 c.M aster 
T,aboralory).- (i) 1'he Thiovhen Analog11e of Sul
phoncmiide.-This compound is still unknown. Its 
succinamidic acid was prepared in an eight-stage 
synthesis, ultimately in good yield, and· results of tests 
of its biological activity are still awaited. Exhaustive 
attempts to remove the succinic acid residue foiled, 
probably because the free sulphonamide is incapable 
of free existence. 

(ii) Sfructure of Sitlphaguanidine and Sulpha
nilylnrea .. -All the required intermediates were pre
pared for the final condensation with acetylsulpbanilyl 
chloride, hut the experimental difficulties of the last 
step have not been overcome in o.11 cases. 

19. EXTERN.AL P,\RASITES. 

(Division of Animal Health and P1·oduotion.) 
. (a) The .Ecology of Ecfoparasites (lVclliast<!r 
L_aboratoi·y_).-In the last Annu~l. Rcp_ort the oviposi
t1on behav101.1r pattel'n of Da.ma.linia ovis was described. 
This work h11s been continued. It bas been found that 
D . equi and D. ovis have similar oviposition behaviour 
patterns go,,erned by similar critical factors. Wi tl1 

D. equi .fibre diameter is the most important ecolo(l'icnl 
factor. It can attach its eggs only to the fine fibres 
of a horse's cont and when these hairs are shed in spring 
about 70 per cent. of the louse population can be lost 

iu consequence. Tims, any factor such as poor nutr1t1011 
which ma,y delay the shedding of the coat will result 
indirectly in an increase in the louse population. 

Reasons are being sought for the difficulty in hatching 
forge numbers of eggs of D. ovis in the labol'atory. It 
was found that starvation of the females greatly 
reduced the fertility of their eggs and farther possible 
factors are being studied. 

It was found that JtpiderrnJ{}J)les bilobatus, obtained 
from a tmkey _roult, attached its eggs to the skin by 
a small strap-like stalk Such a mode of attachment 
h~s 11ot been oberved in an external parasite pre
viously. 

A study of fleece temperature made at "Gilruth 
I'l . " . d b . ams was rnterrupte y ram. However, fleece-tip 
tE·mperatnres of about 160° F . were recorded when the 
air temperature was 111.'1:° F. Further data on the 
ef!ect of solar radiation on the temperature conditions 
or t.he fleece arc required to assess its significance in the 
ecology of ectoparasites. 

(b) The Itch Mite (Psorergates ovis).-BHC at tl1e 
rate of_ of 50 mg. per kg., and dieldrin at 100 mg. pe1· kg. 
were given subcutaneously in peanut oil to shee1J infested 
with Psorergct.fes ovis. After four weeks the1'.e was no 
effect on tlie infestntion. The sheep o-iven BRO sub
~eqne11 tly died, but the sheep given dielclrin was still 
mfosted four months .later. Oral administration of 
nrsenic to sheep was abandoned because lethal doses 
were necessnry before significant concentrations of 
rnscnic could be detected in the skin. Direct injection 
into the rumen also failed. 

20. PnoTECTION AGAINST B1,owrrr,y STiu1rn. 

(Dfrision of Animal Health and Production.) 
(a.) Profe~tion of Sheep .Against Body Strike ( TT eteri'.

nm·y P arasii,ology Laboi·al:ory) .-Investigations have 
cont.inned, in co-operation with the Queenslnnd Depart
ment of Agriculture and Stock, on the value of various 
iusecti_~!_des 1:J~plied}o the fleece to protect_s~eep a_gaiust 
fly stn"e. I h<' eflect of systemic adrnm1stratiou of 
iasecticidcs is also beu1g investigated. 

In addit.ion to the obserYutions in the insectary at 
Yeerongpilly, several field trials were instituted. 

. The additi?n of aroch!or d id not increase the per 
~1st~ncy of dieldrm, _aldrm, or BHC when applied by 
Jettmg. Further tnals confirmed results previously 
reported, namely, tlrnt dieldrin and aldri.t1 are more 
e:ffcct.iYe than BJIC. Nevertheless, in view of result~ 
in one trial, the possibility that dieldrin and aldrin 
may be leached from the fleece at a faster rate than 
~HC . when heavy rain is experienced is now being 
mvestigated. Two series of field trials with aldrin 
dieldrin, and BHC, involving treatment of over 1 400 
sheep1 we.re carried out in central Queensland 'but 
seasonal conditions prevented the oeeurrence of 'body 
strike. Later some 5,000 sheep were treated in southern 
Queensland, but again seasonal conditions rendered 
the trials abortive. 

Field observations indieo.te that dieldrin, aldrin, or 
BHC (0.1 per cent.) are effective when jetted into and 
a round strnck areas, without removal of the wool. 

The snbc11taneous injection into sheep of o.ldrin 
dieldrin, or liudane in peanut oil has not given promis~ 
i11g results in preliminary trials concerning protection 
by this means against blowfly larvae. 

(b) Lamb-marking Dressings ( Regional Pastoral 
La.bomto1·v, Ar11tidale).-.Both "Borocit" and 0.1 per 
ce~t. dieldrin_ gave good resn~ts iu prevention of blowfly 
strike followmg lamb markmg. Although "Borocit" 
proved slightly superior in preventing actual strikes, 
there was 110 tendency for strikes to spread from the 
docking wound with either treatment. 
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21. OTHER SHEEP INVESTIGATIONS. 

(Division of Animal Health and Production.) 
(a) Clover Oestrogens.-W ork in Western Australia. 

lias shown that in saponifiecl extracts of chloroplast 
material from subterranean clover there is, in active 
fractions, a phenolic oestrogen which is distinct from 
gcnistcin. 

(b) Phalaris Staggers.-An outbreak of phalaris 
staggers occurred at "Chis wick", Armidale, New 
South Wales, during t,hc winter of 1954 on a phalaris~ 
white cloYer pasture on a lateritic soil. Previously 
this trouble had been experienced near Armidale only 
on granitic soil. Romney Marsh weaners, but not 
:Merinos, wel'c affected. Examination of rumen contents 
showed no breed difforcncc in grazing selectivity ; 
pbalaris had comprised SO to 00 per cent. of the diet 
of both breeds. 

(c) Production of Native Pastures Used in Conjunc
tion with Sown Pastm·es.-In co-operation with th~ 
Division of Plant Industry, at " Chiswick ", .A rmida.le, 
a study is being made of the animal and pasture pro
duction from land units composed of increasing pro
portions of sown pasture (3.D, 15.5, 30.8, and 57.1 
per ce11 t.), with cornposi le flocks of breeding ewes, 

. weaners, and wethcrs. 
Results from the fast and second years of the trial 

are beginuing to reveal the rnnge of increases in overall 
production per unit area which may accrue as the per
centage of sown pasture increases. For example, the 
wool produetion and liveweight increases in 1054 were 
21 lb. wool and 53 lb. lircweight increase per acre 
when 57.1 per cent. of sown pasture was available, 
compared to D lb. wool and 3 lb. liveweight increase per 
acre witJ1 only 8.0 per cent. of sown pasture. 

( d) U tii.izal·ion of a Sown Paslure Supplemr.nt in 
Coni1tnclion with N alive Pasf.1tres.-Different methods 
of u'tilizing a given amount of sown pasture by grazing 
for different times and intervals are being investi
gated. 

( e) Potential Li'veweight Increases of j1[ erino Sheep. 
-Since :March, 1954, two groups of fine-wool non• 
Peppin :Mer ino wet.hers born in 1953 bave grazed the 
best available crops or pastures on "Chiswick ", in an 
attempt to establish potential growth rates for this clnsB 
of stock. From a mean wean ing weight of 47 lb. in 
:March 1054, the sheep reached 102 lb. by Mar('h, 
1955. 'Generally the best weight gains made in any 
one month were associated with pastures containing a 
larcre proportion of legumes. A subgroup, dre:13ched 
rno~thly with phenothiazine, showe~ a _ very s_light~y 
higher t rend in liveweight but parasite mfestations m 
both treated and untreated sheep were low throughout. 

22. CoNTROtr,Eo CLI:-.rA'l'E RooMs. 

( Central Experimental Workshops.) 
Provision has been made in the new Sheep Biology 

Laboratory being construcLcd at Prospect tor ~ clim~te 
con trol building in which the effects of chmat1c ~1a rm
tions on the behnYiom· of sheep and cattle WIil be 
studied. The building will contain initially two 
insulated rooms each 27 feet by 14 feet by 8 feet high, 
in which the a;1imals will be housed and in either of 
whi('h temperature and humidity can be accurately con
trolled at any point, witllin an extremely wide range. 
The conditions, in effect, can be se.t to reproduce the 
normal maxima or minima which occu1· in any part of 
Australia. 

Owino· to the size and specinl aspects of tlie project, 
a prototype room was built nt the <?entral Expm:i
men ta! Workshops and tested extensively to obtain 
desig11 data ancl to prove novel features before their 
incorporation in the final design. Valuable advice was 
also receiYed from Dr. Brody allCl Professor Stewart 
of the University of lfisF-omi, who visited Australia 

early in the year to report on the project and to give 
the Organization the benefit of their own extensive 
experience on work in this field. 

Construction of the final equipment at Mariby1·nong 
and its installation at Prospect is now nearing com
pletion, and an extensive programme of testing is being 
put in hand. Some time will necessarily elapse before 
.animals can be installed in the rooms and the proposed 
research programme initiated. 

VIII. CATTLE. 

1. GENERAL. 

Products of the cattle industry-meat, l1ides, and 
dairy produce-represent over 20 per cent. of all 
Australian rural production. With the rapid increase 
in tl1e population of .Australia in the post-war period, 
home consumption of food commodities is outstripping 
primary J)roduction. If Australia is to maintain both 
its own food standa.rds and on export of meat and 
dairy products on the pre-war leYel, resea.r('h must find 
the means to increase the entire cattle industry. 

Broadly, the approach of the Organization to the 
problems of the enttle industry comprises: 

(i) A survey of the structure and interrelatioue 
of the various sectious of the beef cattle 
i11dustry throughout Australia. 

(ii) Studies designed to eliminate wastage and 
loss from disease in both beef and dairy 
('attle. 

(iii) The exploitation of potentialities for improv
ing nutri tion by the development of sown 
pastures; scientific understanding of the 
characteristics and rnamigcment of 11atural 
pasture al1d stud_y of the possibility of 
in trod uciug desirable exotic species into 
natural pastures. 

(iv) The deYelopment of systems of breeding 
designed to evolve more productive beef 
a11d dairy typrs for north Australian 
condit ions. 

Tl1e Organi?.ation's work on cattle problems l1as been 
carried out chiefly by the Division of Animal Health 
and Production, mainly in the Animal Health Labora
tory in Melbourne, the National Cattle Breeding 
Station at "Belmont", mar Roekhampton, Queens
land, and tlie Veterinary Parasitdogy Laboratory in 
Brisbane, Queensland ( see Sections 2, 3, 4, 6, 7, and 
8 of this Chapter). The Division of Entomology has 
been con cc rued with work on the cattle tick ( see 
Section 5 of this Chapter) . The work of the Division 
of Plaut Industry on pastm·es is also of )?'reat 
importance to the cattle industry (see C11apter III.). 
The work of tho Animal Genetics Section on beef 
cattle is described in Sections 8 and 9 of this Chapter. 

2. CATTLE DISEASES. 

(Division of Animal Real th and Production.) 
(a) Pleuro pneumonia of Cattle (Animal H ea ltlt 

Laboratory, .M elbo1t1'ne ) .-On properties in northern 
Australia, where bovine plenropneumonia is firmly 
entrenched, it bas been suggested that routine annual 
vacciuation of all mustered cattle, including calves, 
may gradually reduce the incidence of, or even 
eliminate, the disease over a period of years. How• 
ever, as mentioned last year, it was found that severe, 
crippling joint swellings and sometimes valvular lesions 
in the hear t occurred in calves vacchrnted nt ages up 
to 50 days. During the current year it bas been found 
that calves even seven days old develop effectini 
immunity. Nevertheless, as the risk of losses as a 
result of vaccination is considerable, it is advisable in 
!,he present state of knowledge to restrict vaccination 
to enlves not young-er than about two to three mon~. 
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Much attention was given to the problem of deteriorn
tio'l of vaccine. Whereas fresh vaccine containing 109 

living organisms per ml. immunized satisfactorily, the 
same vaccine diluted 1,000-fold failed to immunize. 
Decrease of viability of this order has not been observed 
under conditions of good storage (4° C.) within two 
mouths, but at 25 and 37° C. deterioration is more 
rapid nnd more severe. :For this reason, the expiry 
elate of vaccine has been strictly fixed nt two months 
after manufacturc. In tho "Instructions for Use", 
emphasis has been placed upon keeping vaccine cool 
and away from sunlight. During the year 446,000 
doses of vaccine were distributed, nnd sufficient com
plement-fixing antigen was supplied to laboratories 
within Austrnlia and abroad to permit the testing of 
40,000 cattle. 

In addition to general studies on the disease, tbe 
growth requirements of the causal organism .tlslero
coccus mycoides and of some of its metabolic products 
are being intensively studied. 

(b) .il.la11titis in Dairy Gallle (Animal Health 
La,boralory, Jllelbourne).-Extensive research on stl'ep
tococcal mastitis has been discontinued. Observations 
on the experimental dair_y herd at the Werribee Field 
Station ha \'e confirmed reports that a dosed herd will 
remain free from further infection once Str. agalactioe 
has been eliminated. This is not so with strapbylo
coccnl infections, and treatment with· various anti
biotics usually failed to remove these organisms from 
infected udders, especially if chronically affected. 
Work is proceeding on the differentiation of pathogenic 
staphylocci from non-pathogenic cocci derived from 
bovine udders. Co-operative work has been com
menced with the Commonwealth Serum Laboratories 
to ascertain whether inoculation with staphylococcal 
toxoid will protect against udder damage by staphylo
cocci. 

(c) Brncellosis in Cattle (Animal Health Labora
tory, ,llelbourne).-Long-tcrm experiments with stl'ain 
19 vaccination have been continued to assess the degree 
and duration of the protection it :l'lfords. It has 
previously been reporteu that most animals which 
resisted infection at the first challenge to immunity 
continued to do so on subsequent occai;ions including 
that during pregnancy in the fifth year after calfhood 
vaccination; furthermore, there was no significant 
difference between animals vaccinated only during 
calfhood and those subjected to a second vaccination 
three years later. Animals which had proved resistant 
have now been subjected to a further challenge six 
years after calfhood vaccination but, on this occasion, 
to simulate natural conditions, instead of submitting 
cattle to the risk of infection in paddocks contaminated 
by aborting cattle, a measmed dose of a virulent strain 
of Br. abortus was introduced. The close used ( 13.5 
million organisms) proved too small to produce a 
high abortion rate as only two of twelve control 
animals aborted; however, eight were found to be 
infected ut the time of calving. By comparison, infec
tion was shown by none of eighteen animals which 
had been vaccinated only during calfhood, and by 
only one of eighteen that had been vaccinated 
again three years la tcr. Thus, after some animals, 
presumably of high susceptibility, were eliminated 
from fmther tests because they became infected 
at the first challenge, most of the remammg 
animals we1·e resistant to infection for some six years 
following cnlfhood vaccination, and i·evaccination after 
three years appeared to serve no useful purpose. 
General studies 011 the disease were continued. It is 
of interest to note that in some control cattle, proved 
to be infected at the time of parturition, virulent 
Br. abortus was isolated from udder secretion for as 
Ion"' as two months before parturition, and in thti 
nbs;nce of any strong evidence of iufert.iou ns judged by 
tht:: results of serum ngglutillation tests. 

(d) IIaematuria Vesicalis of Cattle (Animal Health 
Labura,tory, Jltl elbourne) .-Consideration of co!n par~
tive aspects led to the hypothesis, now bemg mvestr
gated, that haematuri:i. vesicalis in. ca_ttle may result 
from the presence in the bladder of irritant substances 
chemically 1·eluted to known carcinogens. 

(e) Infertility in Dairy Galtle (Anima.l Heall_k 
Laboratory, Jli elbourne) .-A survey of this problem :s 
being made by the several States and C.S.l.R.O. 1s 
filling a co-ordinating l'Ole. In addition, investiga
tio11S have been carried out in some selected " problem 
herds" in Victoria. In one such herd infection with 
Trichornonas foetus was found to be widespread and 
the diagnosis was confirmed l,y microscopic and cul
tural examination of specimens from cows and bulls. 
It seems probable that this disease may be one 
important cause of temporary infertility in Victoria. 
Reports from workers in the S tate Veterinary Research 
Laboratories of New South Wales and <iucensland 
have alrea<l_y indicated its importance in some large 
dairying districts there. The Victorian strain of T. 
foetus and one obtained from New South Wales appear 
to be of the same serological type and to correspond 
to the "Belfast" type obtained from the United 
Kingdom. 

3. INTERN AL P AllASITES. 

(Division of Animal Health and Production.) 
The following investigations were carried out by 

the staff of the Veterinary Parasitology Laboratory, 
Queensland:-

( a) Paras·itic Gastro-Enteriiis of Cattle. - (i) 
Seasonal Trends in IIelrninth Pop1tlations.-During 
the year three herds were under trial, two in south
eastern Queensland and one in Victoria. In the Queens
land herds the population trends, as judged by faecal 
egg counts, of llaemoncl111s placei, Cooperia spp. (0. 
pect·inola and C. 7nmclatci), Bunostomum vhlebotommn, 
and Oesophagostomum radiatmn have continued to 
conform to the patterns previously r eported, and it is 
considered that trials in this State may now be brought 
to a close. The herd in Victoria lrns been under 
observation since 1952, and in this part of Australia 
Oslei·lagia ostertagi, 'l'richostongyliis axei, and Cooperia 
oncophom have been the most prevalent species. Some 
indication of the seasonal trends i11 t.l1ese species ha:i 
already been reported, but obser vations will be 
extended to confirm this. Assistance was also provi<led 
to the Department of Agriculture, Western Australia, 
for similar work in that State. 

(ii) Natural Infestations in Cottle and Circulatin,q 
11nt-ibodies.-An attempt to correlate the presence and 
concentration of circulating antibodies with egg counts 
in n group of calves, which first came under observa
tion whe.n a few days to a month old, showed that-

(1) circulating antibodies may be present in 
newly born calves and may persist for 
about n month, but may not be detected 
thereafter until the animal is four to six 
months of age and sometimes older; 

(2) in animals with moderate to high worm 
counts, but which sllOw good resistance, the 
antibody titre may be persistent with a 
tendency to increase immediately prior to 
tlrn manifestation of resistance to H. 
placei; 

(3) in animals which succumb to parasitism ,vhen 
six to eight months old or Jess, antil1odies 
may not be detected except durin"' the first 
month of life; 

0 

(4) in animals which become l'esistant bnt lnter 
lose their resistance ai:i,d die, antib?dics may 
be present only dunng the penod when 
resistance is developing. 



(iii) Studies on Infestation with Hacmonchus 
pl.acei.-Attempts to ascertain the factors r esponsible 
for baemonchosis in cattle have included observations 
on both natural and experimental infestations. :Most 
calves exposed to ,natural infestation develop a strong 
resistance and t.lnow off the infestation, while others 
only become resistant after suffering clinical "hacmon
chosis " . Some 10 per cent. either fail to develop 
res is ta nee or lose their resistance, and these die unles~ 
treated. :Most of the fatalities and cases of clinical 
haemonchosis occur iu wi11ter and early spring when 
infective larvae are abundant and the nutritional value 
of pastm·es is low. Experiments with wor m-free calves 
were undertaken to study the effect of varying the 
intake of larvae and the nutritional status of the 
animal. 

When cuh-es were fed on lucerne chaff, si11gle close8 
of up to G0,000 larvae, repeated daily doses of up to 
10,000, or spaced doses of 50,000 to 250,000 larvae, 
onl,r protluccd low faecal egg counts, of short duration, 
after some six to eight weeks. Subsequent challeng<: 
doses of Janae indicated that all these cah-es had 
developed a high degree of resistance. When t.hc 
experimcuts were repeated with ca1ves r eceiYing 11 

ration of twelve parts oaten chaff to one part lucerne 
chaff, these showed very much higher eggs counts but 
the infestation did not persist longer and the cah-es 
became equally resistant. These results contrast 
strongly with those obtained with Haemonch11s con
torhis in sheep, in which the infestation persists for 
long periods and the development of r esistance is 
erratic and relatively infrequent. The occurrence of 
numerous immature worms in some calves which, 
according to their faecal egg counts, had become 
strongl,y r esistant, indicated the importance of these 
stages of nematode parasites in the epidemiology of 
helminthiasis. It bus been suggested that treatment 
with m1thelmintics may hinder development of 
resistance. In calves given spaced doses of larvae and 
treated with phenotl1inzine, development of resistance 
appeared to be delayed in some cases. 

(iv) Haematology and Biochemistry of Calves 
lnfesled w'itli Haemonchus placei.-These studies were 
made on two groups of worm-free calves, one fed on 
lucerne chaff and the other on a 12: 1 mixture. of oaten 
and lucerue chaff. 

In both groups liaemoglobin levels commenced to fall 
within two weeks of infestation a11d reached a m inimum 
of 38 to 4D per cent. of their initial values five to sevfln 
weeks after infestation. There was a slight increase 
thereafter but after fourteen weeks, when the infesta
tions ha<l' decreased to low levels, the liaemoglobin 
level was still subnornial. Haematocrit values anrl 
erythrocyte counts roughly paralleled the haemoglobin 
levels. Total serum protein levels remained relatively 
constant. 

In the group f ed ou the chaff mixture, serum 
inoro·anic phosphate declined slowly to minimum Yalues 
of lo to 5.0 mg. per cent. by the ninth to eleven th 
weeks, but increased appreciably two weeks later. 
Serum calcium r eruai11ed relatively constant except for 
a compensatory rise, while serum inorgani_c phosphate 
was low. The calves on the lucerne cha.fl' showed no 
significant yariation in serum calcium or inorganic 
phosphate. 

(v) Reactions of Cattle to Infestation with 
Haernonchus contortus.-In a herd of calves exposed 
to natmal ii1festatio11 with both H. conlortus and Ji. 
pl,icei, infestation with JI. contorlus was always smaller 
than with II. placei, and resistance to H. contortii.:; 
occurred at a much earlier age than r esistance to 
Ii. placei,. Furthermore, infestations of 11. conlortus 
were completely eliminated, whereas those of H. pla.cei 
persisted. Evidently cattle are not as suitable hosts 
for H. contorlus as for II. placei. 

(vi) Anthelmintics.-One herd of calves, one to two 
mo11ths of age, was treated at illtervals of four week~ 
with phenothiaziue and another with tetrachlorethylene 
preceded with sodium bicar~o.nate. Both treatmenti3 
effectiYely controlled H . place1, but not B. phlebotommn 
or Cooperia spp. The effect on Oslertagia spp. and 
'f"richostron_gylus spp. was doubtful as they were present 
only in small numbers. There was no indication 
that the calves treated with either anthelmintic gained 
weight better than the controls, despite the presence 
of moderate to heavy infestations. 

(,,ji) Ecology of the Preparasitic Stages of Cattle 
Slrongyles.-These studies were continued and included 
observations on larvae on experimental plots and on 
ua tu rally il1fcsted pasture. 

1. Lor·cae on Experimental Plols.-Wbcn faeces from 
calves infested witl1 II. placei were exposed under 
natnral conditions on uncontaminated pasture plots 
(mostly grasses) during t.he period August to December, 
larvae r eached the infective stage in ten to fourteen 
days. Migration from the dung then commenced and 
ulle to two weeks thereafter the numbers of larvae 
in the soil and the mat were about equal, with some 
60 per cent. present on the herbage. Lateral migration 
up to 12 inches from the pat, the maximum permitted 
by the size of the plot, occurred within a few days 
nfter the larvae r eached the infective stage. They 
appeared in maximum numbers by the end of the 
second week, and by the fourth week a decrease of 80 
to 00 per cent. was recorded. Larvae were found in 
the soil to a depth of 1.5 inches. Little rhythmic 
\·ertical migration was apparent, nor did t,he number 
of larvae on the pasture appear to ue influenced by 
time of the day. Of the larvae recovered from the 
plots at different times of the day, some 80 per cent. 
were found 6 inches 01· more above tlie soil. 

Plots sampled at monthly intenals after exposure 
sho\\'ed that at two months the recovery was about 80 
per cent., at three months 15 per cent., and at four 
months only 3 per cent. The plots were virtually 
free of larvae after 150 days. 

2. Sluclies on Lurvae on Nalu,ral/.y I nfested Pasture. 
-Them studies are only il1 a prelirninary stage. 
R esults to date show that, at least with Cooperia spp. 
which were present in greatest 11nmbers, the larvae were 
numerous in winter and scarce in summer. The high 
winter population is believed to he due to a gradual 
accumulation of lnrvae, whose longevity is favoured by 
the lower temperatures. 

(viii) Infectivily of Strongyle Lar·va.e.-It has been 
suggested that infectivity of strougyle larvae may be 
associated with the fat content of their intestinal 
cells. In work with the infective larvae of B . placei, 
it was found that fat disappeared entfrely from the 
intestinal eells after fourteen days at 26° 0., whereas 
at 8-9° C., little change occurred. These observations 
will he co11tinued and the ii1fectivity of the larvae 
will be tested by feeding them to worm-free calves. 
More detailed observations will be made ou a strain 
of Ncrnafosp-iroirles in mice. 

(b) Worm 1Vodi1Jes (Onchocerca gibsoni).-Further 
attempts have been made to distinguish the micro• 
£lariae of Onchocerca gibsoni from those of 0. gut
forosn, both of which occur in the skin of cattle. No 
differences either in morphology or ·in the development 
and arrangement cif the 11uclei could be detected between 
the newly born and skin-inhabiting forms of eaeh 
species, indicating that the larvae of Onchocerca. spp. 
are mature when born and undergo little, if any, change, 
between birth and migration to the ~kin. 

The form, size, and arrangement of t,he caudal nnd 
ceph_alic nuclei were found to vary widely within each 
species. Of the many measurements made only body 
length was found to have taxonomic value. Micro
filariae of 0. gibsoni measured 240-280 p. (mean 266 µ.) 



rn length, whereas those of 0. g11,ltu:rosa measured 
200-260 µ. (mean 224.5 ;i). Thia finding will be of 
great assistance in further work on the beef nodule 
problem. 

(c) Haemonchus Contortus of Cattle and Sheep.
Cytological studies based 011 aceto-orcein squashes of 
t.he gonads showed the existence of large sc.x chromo
somes in the form from sheep and small sex chromo
somes, equal in size to the autosomes, in the form from 
cattle. In an experiment designed to ascertain :vhethcr 
intcrbrneding occurred, only 4.3 per cent. hybrids w~re 
found among the females and these proved fertile. 
In a natural n,ixed infestation in calves, the percentage 
of hybrids among the females was only 7 per cent. 
That such small numbers of hybrids were found 
indicates the existence of some fertility barrier. This 
reluctance to interbreed the obsened differences in 
karyology, and the existence of some ~egre~ of host 
specificity, together with the morphological drffe!·ences 
previously recorded, are regarde1 ~s adequa_te evidence 
that the two forms represent dist.met species. . 

( d) Li·ver Fluke.-Wbcther species of lymnae1J 
snails, other than Simlimnea subaq1tal'ilis, are involved 
as interme.diate hosts of Pasciola hepaiica in Australia, 
remains in doubt until the taxonomy of this family 
has been thoroughly explored. Closely allied spccie5 
cannot be clearly defined on appearance and. on 
measurements of the shell. In the past years, examma
tion of tbe ovotestes revealed that chrori1osorne numbers 
were unlikely to be of taxonomic value and that chro
matographic examination of foot tissue, which rcve:ih 
distinctive patterns in various species of land snail_s, 
revealed a similar pattern in different species of aquat1e 
snails by tho methods used. The work is continuing. 

4. TuE CATTLE T1cK. 

(Division of Animal H ealth and Production.) 
Investigations concerned with the effects of ticks on 

cattle are continuing at tbe Veterinary Parasitology 
Laboratory, Queensland. 

( a.) II os/. Reactions to Ticlc lnfestation.-Studies to 
compare the reactions to infestation with t he cattle 
tick Boopliilus 1nicroplus, of British breeds of cattle 
(Bos lai.rus) and of Zebu cattle (Bos inclicus), were 
commenced. Until pmebred Zebus become available, 
initial observations are being made on Zebu/Shorthorn 
crossbreds with at least 5/8 Zebu blood. The British 
breeds are represented by purebred Shorthorns. Five 
animals of each breed a1·c being artificially infested 
in pens with 20,000 tick larvae. at inte~·vals of t,,yo to 
eight weeks. A t each alternate mfestat1011 the ammals 
are prevented by an o.nti-lick!ng harness from re~ov~ng 
ticks. Blood samples arc bemg taken at ~he begmumg 
and end of each infestation, when the ammals are also 
weighed. Food intake is also under observation .... 

.All animals showed some degree of hypersens1tiv1t_y 
and the yield of engorged female ticks when the anti
licking harness was applied was always significantly 
greater than iu its absence. The yield of engorged 
female ticks from the Zebu crossbreds was significantly 
smaller than from the Shorthorns. The average mun
bcrs per infestation obtained from the Zebu crossbreds 
to date were 484 and 179, the former £gure being 
obtained when the anti-licking harness was ttsed; com
parable figures from the . Shorthorns were 1,516 aml 
711 respectively. :Furthermore the development of tick, 
on the Zebus to t he engorged female stage was retarded 
and many survived only for two or .three days in the 
adult stage. The engorged females from the Zebus 
were slightly smaller than those from the Shorthorns 
and produced fewer eggs. 

Among the five Zebu crossbreds three have the appear
ance of Zebus and these showed the greatest resistance 
to infestation, The other two which were less resistant 
had a greater resemblance to the Shorthorn. 

As yet, the infestations have had no significant effect 
on the blood picture. It is of interest that the Zebu 
cross-l11'eds showed a much higher red cell count and 
per cont. haemoglobin content than the Shorthorns. 
:::iuch animals should be better able to withstand the 
effects of tick infestation in consequence. Preliminary 
examinations of skin sections have shown no significant 
cl iffereuces in thickness or in the sweat or sebaceous 
glands. 

Studies have also been commenced on the artificial 
sensil-iza tion o{ the skin of cah•es with extracts of eggs 
of B. 1nicropl1Ls to ascertain the effect of any 1·esulting 
reaction on subsequent experimental infestations. Such 
calves have continued to give positive reactions for up to 
four mont11s to intradermal skin tests with egg antigen 
at a dilution of 1: 10,000. 

( b) Ticlc Toxins.-Injections into guinea pigs of 
water-soluble protein fractions, prepared from eggs of 
.Boophilus uiicr opl•11s by salt fraetionation, indicated 
that at least two distinct toxins arc present. One 
of these appears to be a simple globttlin and the other 
a haematin-globulin compound. When tho haematin 
moiety of this compound was split o.ff by acid-acetone 
treatment, injection into guinea pigs of the pigment
free globulin showed that the p1·otein still possessed 
its toxic properties. Attempts to discover the function 
of this haemoprotein in the eggs or in unengorged 
la-rvae were unsuccessful. 

ii. 13101.ooy AND CoNTI101; 01• THE CATTLE T1c1t. 
(Division of Entomology.) 

The chemical control of the cattle tick remains an 
important aspect of "·ork on this problem. :Marked 
progress has been made in the study of BHO and 
I IDT <lippi11g fluids, the oldest-established and still the 
most widely used of the " modern " acaricides. The 
problem of tick resistance to acaricides still looms 
large in the toxicological field, but laboratory and £eld 
studies ha,·c resulted in marked progress in knowledge 
of t.hc phenomenon. Some promising new toxicants 
have been tested under field conditions, and further 
studies made with the injection of insecticide solutioru 
i11 to the bodies of cattle. 

Studies on methods of grazing management have 
given indications that greatly improved cattle tick 
control can be obtained whenever i t is practicable to 
destock pastures for from three to fi,·e months according 
to the local climatic and pasture conditions. The more 
effective employment of dipping in relation to knowledge 
of the seasonal life history of the cattle tick has al.so 
received strong emphasis, wl1ile biological studiea 
relevant to the understanding of the ecology and control 
of the tick have also been made. 

(ci) C'hem·ical and Biochemical St1tdies. - (i) 
Laboratory Toxfrity Tr-ials.- The technique for this 
work has been revie.wed, particularly in regard to larval 
dipping trials, and its employment in the investigation 
of toxicological problems has been intensified. 

(ii) Depletion 'Of Gmmna-BHG from Dipping Vats. 
-The differential loss of gamma-BHC as against the 
remaini,ng, less toxic isomers of BHC is a serious 
problem in the maintenance of dip efficiency. L abora
t,ory tests have indicated that the purified gamma 
isomer of BHC (lindane) was progressively destroyed 
in suspensions of cattle dung and soil, constant eon
taminants of dipping fluids. The rate of destruction 
of gamma-B l-IC increased with i11orease in temperature 
up to 100° 0 ., and with increase in concentration of 
faeca l material. The destruction of gamma-BRO con
tinued, but at a reduced rate, after such suspensions 
had beell autoclaved to ensure the destruction of micro
organisms. Some soils increased the rate of break-down 
and others were without effect. Certain chemica.1$ 
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inhibited the break-down and in nearly all cases this 
appeared to be associated with the lowering of the pH 
of the mixture. 

(iii) DDT Formu.lations.-'l'o assist in the selection 
of tlie most suitable DDT formulation for eradication 
campaigns, an experiment was commenced in southern 
Queensland in which two herds were dipped in 0.5 per 
cent. ppl-DDT asa collojcal preparation and a wettable 
powder respectively. Care was taken to ensure that the 
pastures were infested with seed ticks, as tbe main object 
of the expcri1nent was to determine whether, in the face 
of continuous potential infestation, either of the formu
lations used fortnigh tly permitted any adult ticks to 
mature and lay vinb!c eggs. Difl'erences in the rate 
at which the two formulations cleared up the original 
infestations were marked. The cattle dip1Jed in the 
wettable powder shed large numbers of fertile ticks 
after the first dipping, and were not completely freed 
of t.!1e initial infestation until the third dippi_ug, a 
month ufter the :first. Those dipped in the colloidal 
preparation, however, cleaned up much more rapidly, 
and were freed of ticks by the second dipping. Small 
numbers of fertile ticks matured and fell from the 
cattle during most of the intervals between twelve fort
nightly dippings in the wettable powder, whereas in 
the colloidal-type dip 110 fertile ticks were recovered 
subseque11 t t,o the clean-up of the original infos ta tion. 

Chemical analyses of hair clipped from animals of 
both herds immediately before and after dippings 
showed interesting differences between the residual 
deposits from the two formulations. On cattle d ipped 
in the wettable powder, the rise. in the DDT deposit 
immediately on dipping in the fall a fortnight later, 
immediately before the next dipping, followed a con
stantly recurring pattern, the immediate post-dipping 
deposit appearing to vary with the small variations in 
the DDT concentration in the dipping vat. Iu the 
colloidal preparation the post-d ipping hair deposits from 
the newly-charged vat were relatively low, but thil 
deposits after the second dipping were about five times 
as great. The hair deposits from this preparation also 
tended to be highest following dippings carried out a 
fortnight after t.he vat bad been topped with fresh 
concentrate, nnd not on the day when the concentrate 
was added. 

(iv) DDT-1·esistant 'l'icl,1s.-Difficult_y in controlling 
ticks with DDT was reported from two ·properties in 
central Queensland. Laboratory dosage-mortality tria.ls 
with larvae and engorged ticks from both places gave 
positive evidence of slight resistance to DDT in these 
strains. 

(v) Toxaphene.-A study was made •of n herd 
in southern Queensland dipped in a vat containing 
0.5 per cent. toxaphene as an emulsion. The kill of 
ticks was rapid and complete, and a protective period 
of three weeks against larval attachment was afforded. 
The ticks on this property liad never been exposed to 
any toxicant except arsenic., to which they were still 
susceptible. 

(vi) Toxaphene-resistant Tic7,:s.-Previously it was 
reported that a strain of BJ.IC-resistant ticks exhibited 
a degree of resistance to chlordane, dieldl'in, toxaphene, 
and DDT, to which the strain had never been exposed. 
Field evidence of this phenomenon of general resistance 
being associated with the development of resistance to 
one acarieide was obtained in sou them Queensland. 
The ticks on a property had earlier de\"eloped a 
resistance to BHC, and when the vat was charged 
with 0.5 per cent. toxaphcne emulsion, the cattle could 
not be freed of ticks, and protective periods against 
attachment of. see_d ticks_ amoun t.ed to only a few days. 
La~>0ratory chppmg_ tnals confirmed the toxnphene 
res1s_tance of these t icks. Complete kills of ticks were 
obtamed ?n cattle brought from other properties where 
BRO resistance had never developed. 

(vii) Dieldrin.-Further spraying trials were carried 
out with this acaricide, employing an emulsion wiih 
"]ism pol" N X, xylol, and carbon tetrachloride for 
comparison with an emulsion i11corporati11g a formal<le
hycle resin, which had been designed to enhance the 
pei-sistency of the deposit. No grca ter persistency was 
observed in the latter, but 110th formulations indiciited 
once again that dieldrin is an excellent acaricide with 
persistency superior to that of DDT. ' 

( viii) 11! alathion.-This substance is nn organic 
phosphate of relative1y low toxicity to vertebrates. As 
a group, organic pbospha tes are characterized by low 
persisteucy, but possess the advantage that arthropods 
have been known to develop only a low order of resist
ance to them. ll wettable powder of malathion was 
sprayed on to cattle at concentrations of 0.5 and 1.0 
per cent. Tlie kill was very nearly complete, and thertl 
was an apparent p1·otccth-e period of about six days. 

( ix) Diazinon.-This material is also an organic 
pho~ phate of low toxici ty to vertebrn tcs. At concen
trations of 0.05 and 0.1 per cent. a complete kill of 
ticks was secured in spraying experiments. The 
residual effect was not more than four days, but the 
material is excellent for the destruction of ticks resistant 
to chlo1·inated hydrocarbons. 

(x) Chlorthion.-This org1mic phosphate was -first 
applied to cattle as a wettable powder nt 0.01 per cent. 
chlorthion. The kill was poor, and larvae were found 
to be attaching once more to the cattle three days after 
spraying. Raising the concentration to 0.1 per cent. 
gave a rather better kill, though t he survirnl, particu
larly of n;ymph.s of all stages, was higher than desirable. 
Protective period was not incre.ased at this concentra
t ion. 

(xi) SJ;slcmic Applirnlion- of Acaricides.- DDT, 
lindane, dieldrin, and alrlrin were dissohed in peanut 
oil, and injected subcutaneonsly into tick-infested cattle 
at the rate of 25 mg. of acaricide per kg. of body 
weight. At this dosage DDT produced 110 detectable 
effect on cattle tick infcstati011. On liudane-injected 
animals, on the other hand, no fo·e larval ticks were 
present seven days after injection. Live nymphs and 
adults were still present, howeYer, but although a con
siderable number of these stages developed to matmity, 
they appeared to suffer some mortality in comparison 
with the corresponding stages on untreated animals. 
The animals injecteJ with lindnne were completely 
protected from the attachment of seed ticks for fourteen 
days aft.er injection. Seed ticks o.ttaching for some 
days after this unJerwent some engorgement, but 
ultimately died, and the menn protective period cal
culated from the first appearance of young adult ticks 
was 22 days. Animals injected with dieldriu usuo.lly 
became free of larval ticks in about fourteen days, anJ 
the period of freedom from la1·val ticks was not so well 
defined as with lindane. However, the effect was more 
persistent, and the main protective period calculated as 
above was 33 days. Aldrin injections were slower in 
producing effects on the ticks than were dieldrin injec
tions, and 1eft more survivors, but effects were more 
persistent. I<'or three weeks after the animals were 
inje.cted with a1drin tl1e tick infestation became lighter, 
and the animals carried a minimum of lar,·ae on about 
t.11e twenty-first day. There was no clear protective 
period because there seemed to be a continuous over
lapping succession of non-persistent lan-ae. However, 
young adult ticks did not appear on the cattle nntil 
the sixty-third day after injection, and so, allowing 
fourteen days for the attainment of this stiige, it appears 
likely that the cfiective protective period was 4£1 days. 

(b) B-iological, Pasture-spellin_q, and D-ip-timing 
Studies.-( i) Lar·11al S11rvival.-The observations on 
the survival of the non-parasitic stages of ticks at 
Rockbampton and Yeppoon in Central Queensland 



were conclnded u L ,the end of November, 1954, and the 
two years' results have been recorded in convenient 
graphical form. 

(ii) Pasture Spelli-ng.-The experiment at Hock
hnmpton on the effect of controlled grazing on tick 
infestation was concluded nt the end of November, 
1954. Destocking of pastures for three months in 
immmer and five months iu winter gave very low tick 
infestations, and between J<'ebruary and November only 
one spraying was carried out on the lightly infested 
cattle on controlled grazing, whereas four sprnyings 
of the ca ttle on continuously grazed pasture were 
necessary. The assistance of graziers near Glads tone 
and Townsville has been enlisted to test t he same 
principle on a larger scale. A herd. of 400 cattle at 
Gladstone dipped on 14th January, 1955, and put into 
n paddock spelled since the previous October, were ve.ry 
lightly infested on 21st April, 1!)55. 

( iii) Seasonal 'l'irning of Divz,ing.-Imestigations 
hnve contillued on the intensive spring and early 
summer dipping of cuttle to deplete the seed tick 
population arising from the first post-winter generation 
of ticks, the foll of which after the winter population 
trough is necessary to continue the immunization of the 
cattle against redwatcr. In the pre,1 ious season marked 
success was achieved by this method in preventiug 
the summer build-up of seed tick populations, so that it 
was possible to relax dipping during the sununer 
months, when under usual conditions of management it 
must be intensive. Dming the 1054-55 season, results 
were not so clear-cut. In general, efficient control was 
maintained on the "strategically clipped " herds, but it 
was not possible to relax the summer dipping a~ pre
viously. The reasons for this are fairly well under
stood. It is known that tic.k-infestecl cattle were 
inadvertently introduced to some herds at a critical 
p eriod, and allowed to chop ticks, which reinfosted 
the pastur~ with seed ticks. 

(iv) Sarnpl-ing of Larval P•opulations.-·A test of 
various devices for sampling larval populations in the 
:field was carried out over au area seeded with n known 
number of larvae. The most satisfactory device col
lected more than one-twentieth of the larvae encoun
tered. 

(v) 1'-iclc-free Areas.-Further information has been 
collected on ant predation and other factors which might 
affect ticks at two areas said to carry low tick infesta
tions compared with surrounding couutry. The brown 
house ant ( Pheidole sp.) has becu added to the list of 
ants attacking ticks in tl1e :field. 

(vi) Toxic Principle in Ilair of Undippecl Caf.lle. 
-In laboratory toxicity trials with hair clippings from 
animals i11 an acaricide trial, there was considerable 
mortality amo11gst larvae confined to hair from an 
untreated animal. Similar effects were obtained with 
hair samples clipped from other animals whi<'h had 
been unclipped for a long period. 

6. lNvES'.l'IGA'rIO.Ns WITH DAmY CATTLE. 

(Division of A.nimal Health and Production.) 
(a) Progress in the Zebu,-cross Dairy Herd (Mc

Jlfaster Field Sfali on).-Attempts to improve the fer
tility of the Sindhi ,J erscy bull have Leen unsuccessful 
and only thirteen calves have been bred from him since 
1952. Tl1is has retarded progress. A number of 
J ersey l1eifers with good production background have 
becu purchased and will be iuseminatcd from the Sindhi 
and Sahiwal bulls obtained from Pakistan to establish 
a crossbred dairy liercl. 

Do.ta ou lactation performance, coat colour, and 
body weight of tho present crossbreds are bei11g 
i·ecorded. The production JJerformance of crossbreds 
obtained from the beef-type Zebu bull on dairy breeds 
is disn.ppointing compared with thnt .from purebred 
milking types. 

F.5500/55.-6 

( b) U oat-shedding Sl.1tdies ( Ji{ c.Vaster Field 
Station)_.-Preliminary results suggest that the initial 
change m tl1e coat ~t commencement of shedding is a 
sudden one. The rich appearance of the winter cont 
changes to a dry, rough condition, but the hairs at 
this stage are still firmly held in the follicles and the 
distribution of fibre lengths is unchanged. Shedding 
soon commences, first along the neck and at ihe back 
0£ the thigh, followed by a strip along the mid-line 
o.f the back. I~ then becomes ~eneral. Physical condi
tion of t.he a_nunal a1_1d lac~ation appear to affect the 
rate of sheclclmg. Anuuals rn poor condition and those 
at the peak of lactation shed their coats relativelv 
~~ . 

7. BEEF I)I!ODUOTION IN AUBTUALIA, 

(Division of Animal Health and Production.) 
(1.) The following studies are under the direction 

of the William Mcilrath Fellow in Animal H usbandry 
with head-quarters at the McMaster Laboratory:- ' 

(ct) Investigations -in /,he Southern States.-These 
investigations were conducted in collaboration with the 
Departments of Agric:ulture in New South Wales 
Victoria, South Australia, ·western 1\.ustralia nnd 
Tasmania. The obsel'l'ations at twelve centres 'estab
lished wit.h funds provided by the Australia~ Meat 
Boan!, were continued. Much useful information is 
beipg coll~cte<l on the seasonal fluctuations in body 
weight gams. Some progeny-testing projects are in 
progress. 

. (b) Yard. Feeding of Steers.-Yard-feeding studies 
\VJth steers we_r~ c~mrnenced to i!1vestigate methods 
wh~reby the ut1hzat1~n ~f low-quality roughages could 
be unproved and to md1cate sound economic methods 
of supplementary feeding, or even complete hand 
feeding, durinl!; periods of nutritional stress. 

Twenty-five crossbred Aberdeen Angus steers were 
Jrnnd fed for 109 days on oaten hay ( 5.2 per cent. 
crude protein) , and l~ter on oaten hay plus 3 lb. per 
head per <lay of a n11xed supplement. which contained 
22 per cent. crude protein. Durincr this period average 
dairy live-weight increase was L64°lb. per heaa' per day. 

( c) Si all Feeding of Steers.-Seventy-nine Devon 
Shorthorn steers were stall fed for periods from 23 
to 84 dnys. Se,·cn groups were feel on r ations of grass
clorn1· ?ay, oat~, and meatrneal, o_ne group on bay, onts, 
a:1d h1gh-qunl_1ty grass-clover silage, and one group 
nrtually on silage only. 

Complete data were coJlected on live-weight o-ain• 
f l 

• b . , 

oo< consumption, and estimated carcass gains. The 
results u~monstratcd tl~e value of high-quality silage 
a~ a smta ble prodncbon fodder, and showed that 
silage c~n be fed successfully and profitably at current 
beef prices. 

(cl)_ Feedfng Stud Oattle.-Oomplete nutritional 
and live-weight data continue to be collected from a 
H ereford stud. 

( e) Supplement~ry Feedi~g Experiments.-Feeding 
stndie_s were cnrr1ed out m co-operation with the 
Veterrnary School of the University of Sydney on the 
pe~·formauce of H ereford steers grazing dried-off 
11.it<'lrnll grass pasture with and wit.hou t supplernen ts. 

G ronps of ~teers received either 3 ll1. lncerue hay, 
8-11 lb. of gram plus 2 lb. lncerne hay, or 3 lb. kubettes 
(30 per een~. crude protein) per bead per day. The 
results prov1decl data on which future ,rnrk can be 
based. 

(f) VUa1nin A Reqw'rements.-Plasma samples 
were collected regular]! from cat.t.le in central Queens
land and from others m the coastal 1·egion of Queens
land. .An_alyses of these samples are accumulatin,,,. 
valu~blc rnformat1on on the vitamin A status f 
grazmg cattle. 0 
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(g) The 1tse of Antipyrine to Measure B~dy lV ate1·. 
- The technique of using antipyriue to estimate body 
water in i·ivo has been applied to cattle. The study 
has included an investigation of techniques with 
repeated assays on the same animals in order to 
establish the reliability of the technique. The results 
obtained are being analysed statistically. 

(II.) Investigations concerned with beef produc
tion at other Divisional centres are listed below. 

(a ) Environmental Control of Goat Changes in 
G'<tllle ( University of Qiieensland) .-As reported 
previously the light environment exercises an important 
influence 011 the seasonal coa t changes in cattle. The 
experiment, with polled Shorthorns, has continued 
and the coat c.:hanges in the two groups have now 
been followed throughout the Jear. In addition, 
observations have been made on heat tole.ranee in 
relation to coat type. 

By keeping the experimental group on au opposite 
lighting trend to that of the controls, coat type has 
been maintained in an opposite state in the two 
groups. While the controls were in long woolly coa ts 
during June a nd JµJy, the experimental groups were 
short-coated, smooth, and shining; and at the end of 
the experiment in December, when the controls hnd 
assumed the normal summer-coated state the experi
mental animals were in deep, curly, winter coats. The 
experimental animals shed their coats during autm.0.11, 
the controls during spring. 

In heat tolerance tests at 105° F. dry bulh and 92° F. 
wet bulb in December and June, the groups then in 
short-coat had n 12 point superiority in heat tolerance 
coefficient* over the group which carried a deep coat 
at tha t time. Following the December test the cattfo 
of both groups were clipped and again submitted to 
test. The heat tolerance of the two groups was then 
similar. 

(b) H eal R eg-ulcition in Cattle (Sheep Biology 
Laboralory).-Experiruents have shown that the 
apocr ine glands in the skin of cattle have n heat regu
latory function. Under a stereomicroscope sweat 
droplets could be observed forming at the openings of 
the sweat-gland ducts in response to intradermal 
injections of adrenaline and during exposture -to hot 
conditions. The sweat spots could be stained macro
scopically aud prints showing the location of the spots 
were obta ined with bromothymol blue papers pressed 
on to the skin surface. Quantitative measurements 
indicate that the evaporation of sweat is the main 
source of heat loss in hot environments. Electro
phoretic analyses of cattle sweat indicate the presence 
of the main serum proteins and three other proteins 
in addition. The total protein content of sweat was 
found to vnry from 0.4 to 2.0 per cent. 

( c) Adaptat-ion to a 1'rop·ical Environment (Roclc
hampton Laboratory).-Following establishment of 
t his laboratory studies have been commenced to define 
differences bet~veen tropical and European breeds of 
cattle. The work is being done on selected groups of 
cattle maintained on the National Cattle Breeding 
Station "Belmont", Rockharnpton. There are 
mnrke<l' diffe1·ences between ze·bu-cross and British 
breeds in terms of thermoregulation (respiration rate, 
skin hair and rectal temperatm·es). The low skin 
tem;eratu;·e of the Zebu is particularly notable. Of 
great interest too are the appreci~~le differences 
between individual animals of the Bntish breeds, e.g. 
mean respirat ion rate may be two and a l1alf times 
as great in one animal as in another. 

( cl) Seasonal V aria.tio1~ i1i Liveweight of Cattle 
(Regiona,l Pasloml Laborato1·y, Armidale).-The live
weights of New Englaud bred Hereford cows and 
their progeny have been recorded at monthly intervals. 

• !lent tolernuco cootllclent - (1~10 (llect.nl tcmpcrnturn-101 )l, tile 
tomporuturea helng expn,ssed lo • F. 

It has bee:il found tha t only during the spring, summei, 
and autumn periods will native pastures support t he 
growth of cattle. By the end of April grow,1 cattle 
and weaners commence to lose condition and require 
suppl~me:mary feeding to preven t further loss in 
liveweight du ring the winter. 

&. GENETICS OF C ATTLE. 

( Animal Ge:::ietics Section and Division of Animal 
Health and P roduction.) 

(a) Dirision of A nimal H ealth and Production.
The breedi11g trials at " Belmont" are proceeding 
according to plan although the 1954 mating season 
had to be len g6 ened because of floods, and the sub
sequeu t calving exten ded into l!J55. .All experimental 
cat tle were ,veighed a t mon thly intervals aud complete 
growth-rat.; ~ecords of all calves have been secured. 

(i) Crossbr.eeding.-Th e requirements for this experi
ment were twel, e groups of cows, wi th fifteen H ere
fords and .fif ceen Shor thc,rns in each group, and four 
breeds of bnll.s- H ereford, Shorthorn, Africander, and 
Zebu- u s ing .:hree bulls of each breed to cover the 
twelrn f amilie s of cows. lt was desirable to equate 
each br eeding group according to the reproduction 
history of the cews · and this w as done on the basis 
of the b r eeding ,eeords for 1953 an d 19iA. Bulls for 
the twelve gr-oups were selec.:ted at ran dom and the 
allocation of paddocks ,ms also made at random. 
Mating comm.enced 011 21st January aud terminated 
i11 March. T .he breeding groups were rotated through 
the twelve pa ddocks in an endeavour to reduce the 
effects of Yari t1.ble p asture conditions. 

( ii) X or/he rn-bred- Soull1eni-bred T1·ial. - 1955 
matings in this ~rial al.3o occuned from late January 
to March. T b e 11or thern-bred gronp of 29 cows mated 
with Bull H4 and the southern-bred group of 28 
cows mated ,nth Bull H G were managed in the same 
way as th,e gl'Oups in the cross-breeding experiment. 

( iii) Zeuu-,.,--ross Breeding.-CalYing in this group 
continued unt i l :March and consequently the bull was 
not int rodnce,l until 7th April. Thirty Zebu-cross 
weaners formed the 125:i g roup. The t wo available 
Zebu bulls \, e re mated w i th the females alteruately 
for weekly periods. 

(iv) Experi 'l1wttal Calv-~ng 1954.-Of the 360 eows 
ma ted in 1he cros;;-breecling project, four H erefords 
nnd ele,;·en Sborthorns were lost during the season 
mainly from lantana poisoning. Calving continued 
from 20th Oe to~er, 1954, until 28th J nn uary, 1955; 
214 calYes we.i-e ~orn, repr esenting 62.3 per cent. from 
CJOWs mustered at calving. 

Calving in 1J.he nort hern-bred-southern-bred tr ial was 
satisfactory; ::3 calms were dropped in the northern• 
breJ. grou p (77 r-er cent.) and 23 (79 per cent.) in the 
sout_hern -bred group. 

L1 the z~bu -cross herd only seventeen calves were 
obtained from, ~9 cows a nd of th ese fourteen have 
survi\"ed. The d ves contain 75 per cent. or m ore of 
Zehu blood an.,1 are very a ttractive. 

9. S WEAT GLANDS IN C A TTLE. 

(.A_nimal Genetics Section.) 
E xamination of eattle skin corroborates the findino

of D owling uu d Ferguson that cattle sweat and that 
Zebus do so to ll greater extent t h an British breed'3. 
S weat gla nd, of Br iti!th br eeds have one-quarter the 
\·oltnne of Zeb u glands. and also are less numel'Ous. 
Zebu sweat gla nds seeri in cr oss-sect ion completely fill 
the a rea of t lh.e sec t ion if it is cut at t he level at 
wl1ich the glan ds lie . In British breeds more than 
half the tissu~ is oth er than sweat glands at th e sume 
lev~l. A rapid meth od of preparing skin for exami
nation h as 1,een worked out. 
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IX. EN'TOMOLOGY. 

1. GENERAL. 

Tlu·_oughou_t the agricultural, pastoral, and horticul
tural mdustnes, A u.stralia in common with most parts 
o_f the wo1:ld suffers enormous losses from the depreda
tions of rnsects. As seed, as growing crop, or as 
lrn.r~csted food the products of the soil are continually 
subJ~ct to damage by insects of many thousands of 
species. Before a campaign against any insect can be 
launched with reasonable ho1)e of success the lifo 
h. ' 

1story and habits of the particular species must be 
thoroughly investigated and understood. The Organiza
tiou:s investigations involving the biology and control 
of msect pests, the biological control of weeds, and 
other aspects of entomology arc mainly carried out 
by the Division of Entomology, with head-quarters in 
Canhcna. Collaborative work is, however, undertaken 
by the Division on special problems in conjunction with 
otl1er laboratories. Research on insects affectiug 
animals is done in co-operation with the Division of 
Animal Health and Production and is reported iu 
Chapter VIII. ; t.hc Division plays a part in the investi
gations on the virus diseases of rabbits being studied 
Ly the Wildlife Survey Section (see Chapter X., Section 
2). The Division co-operates with the Divisiou of 
Forest Products in the study of pests of timber (see 
Section 12 of this Chapter, and Chapter XIV., Section 
6 (h)). 

Division of Enlomology.-SeveraI new investigations 
have been commenced during the current year as the 
result of the appointment in the last fifteen months 
of six new officers. These are working in the fields of 
sensory physiology, surface chemistry of insect cuticle, 
insect tissue culture, grnsshopper ecology and biological 
control of aphids, wax scales, and ragwort. "\Vork on 
population dynamics published last year has created 
world interest. Theoretical and laboratory studies are 
continuiug, and the :field studies initiated two years ago 
are beginning to lead to the accumulation of valuable 
results. 

The Division's work on insect physiology is also 
attracting a great deal of a tteutiou in overseas countries 
which are attaching a great deal of importance to this 
aspect of our work. 

.. A.nother important part of the Division's funda
mental work is insect taxonomy. Taxonomic work has 
never Leen regarded as a primary function of this 
Division, but with so many of its officers engaged in 
ecological studies and biological control, it has become 
increasingly obviou5 that we cannot make satisfactory 
progress wi thout adequate taxonomic studies. 

The eradication campaign against the Argentine ant 
in Sydney is still proceeding. In spite of excellent 
control in some areas and apparent eradication in 
others, the discovery of new areas of infestation will 
necessitate at least two further years' work. 

Research on cattle tick control continues to give very 
encouraging results. Correct timing of dipping 
schedules with or without appropriate "spelling" of 
pastures should enable the tick problem to be reduced 
to negligible proportions over much of Queensland. 

Work has commenced on n much-required, air
conditioned brick insectary which was planned many 
years ago. In Western .L\u.stralia, the Division's officers 
engaged in research on the red-legged earth mite and 
the lncerne flea have moved into the rece.ntly con
structed Wes tern Australian Regional Laboratory. The 
Division is grateful to the Institute of .Agriculture, 
N edlands, for providing accommodation for many 
years. 

The New South Wales University of T echnology 
has the co-operation of the Division in work on the 
formulation of cattle clips, the chemistry of ants, and 
the surface chemistry of insect cuticular lipoids. The 
Division continues to co-operate with the Australian 

National University and the Wildlife Survey Section 
in expe1·iments on the mechanism of insect transmission 
of animal viruses. 

Officers of the Division assisted the New South Wales 
Forestry Commission in two operations against the 
phasmi<l Didy1nuria violescens which is defoliating 
valuable hardwood stands in Bago State Forest. 
Ground spraying experiments were carried out i11 the 
spring, and the area was sprayed from the air in the 
summer. Co-operative work with the Australian 
Forestry School has also been done in an attempt to 
find means of controlling ants which affect the germina
tion of seeds in the forest. 

2. INSECT PIIYSlOLOOY AND TOXICOLOGY. 

(Division of Entomology.) 

(a) Digestion of Wool by Insects.-Further atten
tion has been paid to the characteristic facto1· in which 
wool-digesting insects differ from other animals, 
namely, the possession of hjghly-reducing midgut 
digestive juices. These reducing conditions disrupt 
the resistant disulphide bonds of keratin, which can 
then be degraded by proteolytic enzymes. Various 
systems which may be involveJ in maintaining the 
reducing conditions are being examined. Au enzyme 
such as cystine reductase has not yet been demonstrated 
in larvae of the clothes moth Tineola; however, a 
preliminary examination was made of the possible 
reduction mechanism utilizing free cysteine. 

Considerable improvement has been made in the 
preparation of active enzyme extracts from inserts. A 
very active proteinase can be prepared from blowfly 
excreta. Fatty materials which arc very troublesome 
in Tineola extracts can be eliminated by first d ,·ying 
the larvae over phosphorus peutoxide in a vacuum and 
then extracting with ether to produce an easily 
extractable powder. Some purification without much 
loss of activity can be obtained by cold dialysis of 
extracts. 

(b) Histochemistry of the Digestive 1'rcict.-Atten
tion has been turned during the year to the hindgut 
of blowfly larvae. This bas proved histochemically 
and histologically to be a far more complex organ than 
hitherto believed. The hindgut is di ,,ided into sl10rt 
anterior and posterior regions (which function princi
pally as sphincters) and a long central region. The 
most unusual feature is that the central hindgut is 
composed of th ree functionally different cell type~, 
each forming a longitudinal band. Pronounced 
differences are found between there cells in their 
content of ammonia, barium, potassium, acid phos
phatase, clehydrogenases, and acetyl esterase. It has 
been shown that certain cells in the h indgut epithelium 
take up ammonia directly from the haemolymph. 
Much of the ammonia appears to be eliminated as 
bicarbonate. 

,(c) Insect .Muscle Biochemistry.-Studies this year 
have been concerned with essential differences between 
the reactions of the actomyosin gel and the actomyosin 
sol. As n working hypothesis it was assumed tba t thE' 
reactions of the gel (ATP-am activated by magnesium, 
synaeresis in the presence of ATP) could be considerc•d 
to be a model of muscular contraction, wherea~ the 
rcaetions of the sol (ATP-ase activated by calcium. 
dissociation in the presence of ATP) could not. Mo:-t 
of the detailed work on the energetics of the acto
myosin-ATP interaction has been done with the sol 
and this information has been nscd in establishin"' aud 
testing theories of muscul11r contraction. If it ~ould 
prove possible to obtain accurate data on tbe kinetics 
of the ATP-asc in the gel phase such information 
could be placed on a much sou nder basis. 

As 11 preliminary to this work it was necessary to 
~rac; c~refully the influence on the ATP-nse of changes 
m 1ou10 strength, hydrogen ion concentration, and 



the activntin"' effects of calcium 01· magnesium. ~his 
has been dou: with both rabbit nud i11scct nctornyosws. 
Some <lcterwin11tious of thern1o<ly11arnie c~ustaut~ b~vc 
been 1nade with rabbit acto111yosi 11. Co11s1<lcr_able diffi
culty hus been eucoun tcrc<l in the kiuctic sw<lws, owrng 
purtly to the insoluble state ~f the euzyrne and partly 
to the difficulty of mca~un11g tho extrcmels swall 
amounts of pho»phute evolved by I lie c11Z.)1llle at low 
substrate eoucentrations. lfo<lical refi11e111cnts of tl~e 
experimental technique hav~ be_eu nccessar;r, but t?1s 
I.ins now yielded some krnet1c <lata of adequate 
t·elin hility. . . . . . 

(d) (.hilin-prolein 1l ssocwl10ns in ~nscct C11fi11_cs.-
T he adsorption of a water-soluble cut:culn_l' prolern tu 
chitin hns been studied. T he adso1·pt1011 JS <lcpeu<lcnt 
upon pll <lecreasin" rapidly as the pH increases fr~rn 
the l'Cgi~n of the 

O 
isoelectr ic point of the protern. 

lncrease in sal t concentration <lecrca,;cs ad~orptwu, but 
the adsorption appears t~ be l~ttle inllu~nce~ liy_ changes 
in temperature. Tyrosme-n ch protcm . il'ac_t1oas arc 
p refereutio.lly adsorbed. T he uds~rpt1un 1s pa~·tly 
ir1·e,·er si1>le and an increase to pll U 1s ncc:e~sary. before 
a ll the adsoruetl protein can lie rc1110\·cd. 1t 1s con
cluded I.hat th ere is only a weak l,011dmg between the 
chitin aml the water-soluble cuticular protcu1. 

( e) Frecurson of Uitlictilar U~mpone~ils.- ~•urther 
work has been carried out on the tree ammo acids and 
polyphenols of insect _haem?lymph a~<l the study_ ~as 
been extended to an m vesugu t1011 of tho com JJ0~1t10 11 

of the protems in the haemoly1uph. Qualita_tiyely tl.tere 
appears to be li ttle di!Ierence in the coU1pos1tion of tile 
proteins frow larval, prepupa_l, a1~<l cariy jJUpal bluo<ls. 

(f) J,'requency of G'upulu.twn -m .Lucilia CUJJl'lua:-:
Mated females of the Aus~ralian sheep ulowtly L1tctlia 
c'u11rmu fa1dy successfully resist iurtl1cr a t tc111p ts at 
co}'ulation. when virgm female~ are caged wu~ an 
equal number of mates all _th~ fouiales wa_tc w1thm 
tLe first half hour. When tlus 1s rcpea teJ us111g ma tcd 
fernales ouly very few matings oc:cur u11<l ~1.tc~o Oll ly 
iu tlies w1uch have not u1atc<l for about e1ght days. 
Whether or n ot the matc<l females liavo 1.,cen allowed 
to lay eggs is of little or no illlportauce. 'l:be fr~qucucy 
of mattug is not limited by the ma!e.s, wluch will wa~e 
with as many as three fowales lll au hour. lt 1.s 
concluded tha t fe1nalcs in the tiel<l would a.:. a general 
J'ule mate only once. 

(g) '.1'he Jr' unction of lhe [,'enestl'ae in lhe Go_c!.:roach 
P er11.Jlaueta awericuna.-A tcclrn1q uc wa~ tlcv1sc<l t or 
the removal of these organs. Latu stage nymphs were 
operated on aud the oru·a11s completely reuw\'eu. \V JJeu 
tllese 1ud1v1duals ruou1~ed to a<lulls their hcaJs showe~ 
uu scars and were uorwal except fo1· tho ab»euce o[ 
the feut:strae. . 

(It ) .1\1 'Ulr·itio1_i and Jleproduclion. in Lucilia cupnna. 
-The only a mmo acids dutectcd m t~e lioucy~ew_ of 
coccids Ii vin" 0 11 eucalyp ts were a lanlllc, metlH?mne, 
and tyrosine~ These arc ins~•~J-icicnt _Lo pcmt1 t the 
Australian sh eep blowfly Lucilia cupr111a tu mature 
egas wbcu it is ofiered coccid honeydew as the only 

0 • 
source of protcm. 

Analysis of the crop and gut coutcuts of wild 
L. cuprina in spring and autumn snggc~t~ tl..ta t sheep 
droppings and coccid honcyd_cw nn_i by _far the m?~t 
important sources of food available fo1· wild L. cuprma 
in certain areas. 

F urther in ,·c>stig:itions of the distribution of carbo
hy<lrascs pre,-ent in L . cuprina showed the crop to be 
an important si te of break-down of c:i rbol1ydratcs. The 
presence of a ,8-fructosi<lasc in tbe gnt hns been estah
lished. Fructoma ltose, an oligosarcba1·idc prrsrnt in 
coccid l1oneydew and repor trd iu the cxc1·cta of anothc.:r 
blowfly, has now been found in the cxr1·(•ta of 
L. cup-rina. J nrnstigationi; nre in pro,!?re<:s to deter
mine whether this oliizosacrhn1·idc iR synthrsized by the 
fly or is the result of the action of mir1·001·g:rni.~111s on 
sucrose. 

3. I ,secTS f.ND VmusES. 
(Di,. is ion of Eutoruology.) 

( u ) J nset:l T issue Gul/11re.-Many . problems of 
insects and virnses could be tackled 1f cultures of 
insect tissues wern a\'Oilablo. A number of att~mpts 
ban! been made to do this in the past, but m no 
inst:rnce has it prorc<l 11o~sible t.o maintain insect 
fosu e~ i n l'Cpc.:ated ~11 bcult11r~s. A. star~ has been ma<l_e 
to ex:uuiue the mnuy physical, chem1cal, and nutri
tion a I problems i m o! rnd in insect tissu~ growth, and 
tissur ~urvirnl for 27 days has been nttamed. 

( b) Leafhopper-born~ Diseases o( !lants.- 'W_ork 
has bf'gun on t.he dct:uls of transm1ss1on of a vir us 
disease· of 11111ize knoll'n i11 Queensland as. wulla.by ear 
1liseu~<'. T he di~ease h as been transmitted by the 
leafhopper Cicaclulina bip11ncl~lla . to a uum?er of 
monocotyledcnous plants on which :t· ha~ not h1t~erto 
I ecr> reco1·<lcd. Furthermore the n rus 1s transmitted 
l,y the leafhopper to its progeny_ through the egg ; this 
i~ only tbc ~ccontl rPport of this phenomenon among 
a mrniber of vi1·nse3 transmitted by leafhoppers of tha 
subiamil:;- Deltocep~nlinac. The concept of .a 1:l1yto
pnthogenic Yirns ~cmg so cl?sely_ ad111?ted to its msect 
\'ector is of cons1deralilc b1olog1cal mterest and the 
1,rntter is h<'ino- im·estig:ited further. A. start has 
Leen nrncle lo nLtnin a colony of insects free of virus. 

( c) Leofhoppe1·-bome "Yellows" Viruses. - For 
some years \\'Ol'k has been in progress on the leafhopper 
rector of tom:ito Lio· bu<l, lucernc witches' broom, and 
related viru~cs. T~ro further di~eases, both of con
sidern ble economic significance, nre potato purple top 
wil t nnd '' little Jr:if" of ~ubtropital pnsture lrgumos. 
Durinrr the year Orosius argenfalus :Brans has been 
fonn<l 

O
to be the vector of both diseases, which are 

thon~ht to lrn rnus1'!l by strnins of tl1e big uud-witches' 
broc,m complex. 

( d ) JlJ y.mmalosis.-In furth('l' co-op~rative ~ ork 
with Professor Fenner of the A ustrnl>nn N a t1onal 
t;ni \'Crsity cmph:1.sis has hccn directed towards asse.ss
ing the cpiderniolog((•al potential of different straim 
uml 1·el'!ors of the virus. 

It has been found that Anopheles a11nulipes is a 
more effective vector th:m Aedl's aegypti, but that it 
too c-11rr ies t.he Yirus rnec•hnnically. An infectious A. 
ttC[l!/Pli that bites a rabbit carl'ying a high !i~re of 
nUiLorly is 11nchnngcd in its subsequent ab1hty to 
tra nsmit !'lie discni-o. Also, if Mnn·ny Vnlley enrepba
lit is is t1·a11srnitted to a rabbit simultaneously by the 
snm,' mc•~<]ltito trnu~mittinc: mJ·xowatosis the course 
of ti c lr1 t tt,r <lisras<' is 1maltc1·ed. 

F inally, brcau~e the hypothesis hns been put forward 
that attenuation pf the ,-irns occurs \\'ithin the mosquito 
vector, a strnin l1us been mainta ined altcrnntt'ly in 
mosq nitoes for t\\'O weeks and then in r abbits fo r 
one week. The strain l1n~ so fo.1· been thus passed 
tl1rourih !;ix sneh passages without altering in any 
mea,-ur:ihlo way. 

4. P<WHLATION D YN,nncs. 

(Di\'ision of Entomology.) 
(a) The01·clical ancl l.al101·o fory Sl11d-ics.-Previously 

nll population stncli<•s ,rith L11rili11 cuprina were made 
m11\cr ronstant conditions, inrluding the prodsion of 
foorl :it a con~i:111! r:itc. l ur ing the past year the 
c•lforts of n pcriodir:illy fluc•tnntinp; cnrironment upon 
Lucila, pop11lntions ,1·c1·e slurlietl. The food supply was 
prop:1·C'~Rin!ly i11crenscd and rlccrcnsrcl from day to day 
~o tl1nt when p!ottrd it formed a simrntc cm,·c. In 
r:irh of n sp1·ic~ of rulturo rn~es the period of Bnctlta
tion of the food supply \\'n~ cliffr1·r11t. It was founrl 
t"h11 t thr pnpnlntion den~ity osci1\ations due to eomprti
lion c-ffects, which lun-e a natural period under const:mt 
rond itinns, Rt1·nngl,v t<'ll<lc>cl to }111Ye imp1·ps<ed 11pon 
tlw111 tl,r JJC'riorl of ('Xtrrnnl l111 r t11ution, that i~, of the 
food .supply. But if the period of external fluctuation 
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greatly exceedml or wm, rnud1 £l1oi-t!!i· t.111111 f,hts 1iatun1] 
pm·io(i o.f !.Li~! oscillations d11e. to C(J1r11w.tii-i.on, a 
lrn.rmoufo rcl,Hi:om,ltip bet1n,cn tlw t.1ro C'J'f•les <:Jf d vange 
was ustH~ii'!lte.d. ln addition, ti 1(1 violi('IICC of d11rnge 
in deasity was m111d1. grcat:~r tli:rn H1at which could 
be :l.<!co1mted for IJ.5• t11l~ eha11g't! of foorl alone. 'IC'lrn.f; 
i11 to, sny, t l1e vi.olcm.ce of oscill,ll·inn in po1111 lat.ion 
densi't;y was dr;:miirnJJutl1,y chic, to compf!titiou. c:foct.s. 

Ei.an1.ina.tfon of t.he nu~dran,lm1 of 1fomity-indncc.d 
1:ea.et,ion in Hie lucilt" cxpe1·1H1,r.m ts hns ~hown thnt 
pop11la.tio11.s c:rn tradil,Y :\(ljust. them1;c\ves to sf·1·c.~se~ 
wh,·tb.e.1· t,hese 1~m due to 0lia11g,es in the 0n1·irnnme!lf 
01~ i•t the pro11crtico1 of the, spee:fos. Lt lrns become c.:.lc:11" 
t.lu1.1· s.Hd1. eom pcm.sHfory rcactim1 f·o sfre~St'S is an 
i1n1Hwtm1t, p:ai1t of t;he rnc1' lrnni:5111 of llMnral sdc.etion. 
Selection itself ]lHl n.iJy pi·cfc.1·cntiallJ1 pl'esen:es i'ndi
\>id1c111.h posse.%iug nthrnrvh1ges,, hut t.l1e 1·cmm·al of t.lmse 
].ac:king advauf'i1gC':.s: is 11ot n paBs.i1vc rc.,,ultm1it of 
sel!e.etion, al!I is ,-mm11011l,y a~mmc1l1 l,'111t is nn acti1ve 
fll"O<'.ess de.pendi,ng 11pon. dei1 sit,v-infl111:ed ren('tio1t. 
Furthm,• conside1·ation lms ,..hown 1·!1at the di,ret1t prodnet 
of nat1m1], sckcti.011 is mn1· ad:qif·:rt.iou. in thi• s1mse of 
p,re.crsr, fi t!.ing of t.hn e1ni1·om11eut, hnf im111·,wcd defonee 
ng--aimt cmri1·m1me.ntal h11 :rn1·ds whic:'11 fir s thC' .'>p,ieies to 
wit-hshm<l even greatm· $tl"Cfsr..; tha11 those to which it 
is. e.,vose:d durh1g selection. 

(b} li'i.eTd Shrdies.-- T!1i,~ j'(~ar's wo1,•k has consi,sted 
or sysJ;~ma.t.iic 1m:rad-~cn le ficlJ stmfi<'~ on •d,:,etPdi ;::pc('ies 
of Psylli'.dae, three nf which are rn1·.v nhnmlant i11 p.~_1-ts 
of tlrn Camhcm•'lil district; w-l1ere t.l1C"_y rrre C'.,'lm,ing se.yerr 
dum:-1g,e rnnd. even death to cncn l,Ypts. 

Tl1e initial e:.rnros of thei>e lnr-alizerl (11lthr<'a1-:-.• linve 
st,iill to be 11£ce1·taiiued, hnt. it ,·rem.~ prnh:1!1][' that the.il
persistcn.ce is due t.o seNmrl :ny t:ll,f (l,11101)11 agnn~ 
para£rfos. Ei:idr~H('C suggest'R that· pnp11l:1 ll'lU limita
t.i im of these ps:_yll i,ds i~ nornrn ll_v clue vi!' i1na r-il_v to 
eue_yrticl JKn·asite.<-. These p;~r:1sit0~. are fhem~r-kes 
LI t!,nFl,ed h_y sec0nrl:i ry ene?t'l id p.~ rll,5i trs. '\\Th"n 
ps_yrli.d n1:11mlwr.~ ore low, the ser-n11<fa r_v parasites r•ithm 
nlf.ack a w1.ri11hl!I!', 1rnt, g<'TH~r~Hy 1·n fl1,(•1• low,, p!'opnrtinn 
o.f pt<in,u i·ies, oit i(!;norc. tJwrn ~ltn;r-•~1111·1·. 1'I<111' c'\'l'l', 

when the psytli.ds h(~emnc. faid_v 1rnml'1'Mt", tlie rnt,•, 
n.t which t]1:eir p1·iJ1rnlj' pnr:uires nrt' a1t11,•·1,c.-! 11~1 

se.<'ond~r-fos im·1r0a;,es. In flw n r<'rH of p;,ylli·d nut-
111:erul, 75, pe1· C('nt. or n,nre of tl1e pri nrnr_v p:u·n;,ifn~ 
on. the mvci·a~c lll'C de~troyerl e~1ch gciwraf·inn 11y 
secondaries. As the~e arc 1rnt. the 0111.v eaml' o{ 
m.ort:11lity to 11rin1al'y parnsi10s1 fe1v suniYc to ntl::ick 
tr.lie uc..,t gcmc•rati11m of psyllirh. 

In t.lwse circmustrnwe1; p~:,rllirl rn1mlwr,;, in spite of 
checks due. to otlier foe1·rws, frc.rr110n tl,v i1wre::1~e to t.he 
limit set b~ t.he a vuilaMe. food and' faxornhlc s.pace. 

Ii. Locnwrs A~rn G1uss1rnl'InlRS. 
(Dh,ision of EnJomolgy.) 

(a) Lorusls.-1.'l.iC' onthrrak of t hr- i\11., trnlinn plngnc. 
l ocust contiuu1;d i:n N·ew Sm1tl1 \1\1iiles dnl'ing 1;.l."i0!-:i-5. 
In tl1e Ilogn,11--1f.aequll.r ie outlJL-c,ak :11·1>a, 11'liere con
tim1ou11 field iuvestigi1 f.ions 111·c in 1wog1·e~s, s1rnn11:i 
were ptesent tJwoug:bmlt t,hc>J season. Thr: 11 s1,1aJ cm;terl_y 
emigratio,1~ frriirn the out hr<1HTc a ren took phi ce iu each 
of t he three genei:nt,ioui;,, hat. in tl'u~ ,, icicnil_y of Tn1ngfo 
the popuh.t-1011 was kept l't'plmi:i.slicd l1y loose swann.s 
moving from fo!'f.her west Parasi,ti , m by d.ip.f·crou\i 
18.r\rne was hea v_y,, especially in tlie spri l'lg gcn.~ra tio.1,i 
of arJm,]t;.s. :E:nrti!'r .~tudir~s iim,d!1.(:'1d·c tl rnt \1·cat.lter eo11-
diti.011s sud) as t.l'unse rJXJH1ricn<:ed in tlic a11tuum of 
1955 m,~w be exped.cd to reduce tlie ror.'l'ISt popnl:rtiou 
gren.tJy. On the other h11tMl1 min 1·rnd flood.~ ilJI Ll1e, • 
o1!11dn·en;k nrna,s of t1ie fo.1· m.,st· c,f N'ew So uth \Vale~, 
Queensla.ml, a,ud J}m·hap!'I So,nth Au,,fl'nli:;i lrnvc rdemml 
ru fr<,'S'li 011t.b1·ea,k wliidJ has iil1••p;i,.ly involl'r.',d tl:11:e<1 
States,, 

'flJe eo11,tl.11.11ous, pt'elleJJce of mi.grnting s'Warms in 
t!J,ri f1og:ll!- 1il.a r·quai"ie 01JJ;break nrea o:ae,e more inter
f1cre.-] wiL/1 Ll111', work of t:e£ting the elfoct of tl'ie shrub
pl~Lnhng tniatme:J'lt nf selected otut.brnak c.cm tres as a 
111can.~ of red udl)g lncHsC 1,nul tiplication.. Ne.11eutheles:i 
ll1i~ wor k ,ra,s eo11i-inuc.d, aud, 11] spi.te of th.e disturbing 
hdh1.c.ncc crl' rnig1"atlon, !Jw results conforne,d to s~gest 
t·l1nt, tliu plnn ting; l;1"eQ.t,me,nl: had: produced a.11 envuon
m<'nt. lc~s f'.avorahle. to th.c loe1Jst. H is. hoped that in 
the eoming season swunns wm be. a:bE.ent,, so thll.t the 
n;;wtior1 of the resident, popnllat.ion to, the t 1:catments 
rnity be 11.isessed without the eompllicntion of migration. 

F oHowi.ug the 1q11~i-ond by the Agricultura] O'ouncil 
Cll' Jlnipn/;,'il ,i for a trinl c,H:1tf.rol carnp:2-ign 0-f a new 
I.VflC t.o be di11c1;tcd :igiiin;;t, tfo.e, Am;trn1ian plague loeust 
11 t rnn :i: ppropria.te. tiit11e. in f-111e flJ!tm·e,, preUmii11rnry steps 
hal'c 1H)QU 11:1.kc-n, i•n cr.H11Jen1tion1 wif:l1 the States 
affected, in the pl:11111ing ;if this rrn.mpaign. 'rhe plan 
pnd.,ages llll iu!e11sii:e Htl-uek a.gai,nst the ea.rl'y s:wnrms 
of nu mitl.11renk wl1ilc t.hese are stilll l.oca.ted in or near 
the: oufifarenk a,rea.!!. 

Tn t.l1e autumn of 1955 a reconnaiasance ernrvey of 
the. lornsts and grasshoppe1·s of the N·m,t.hern Territory 
wa.~ marlc along the road from ,Hice Springs, to Darwin. 

(b) So/ilriry (h·,is1dw p/1•tr·,r,-A prelimina1·y survey 
nf the j!rrn•sl1opper~ in tlic Aust.ral'ian Cap-it.aJ Terr1-
hw_y and arljr1ee11t. par1's of Ne\\f South w ·ales during 
tl:1<' s1rn1 mer nf rnri-t-fi.'i sfo1we.d that tl1e two, most 
:i b1111,lnn t sr~rcies wpre Phrml;,.icridi.-nm. uiUn.farn and 
A 11sfro,•·ccl c8 1nisi/la. B,1Ut SJi)l?.cies, a ttni.]] their maxi
in11 m n.lrnndnncoe in penn:rne11t.ly andi temporarily 
1,1:rar.e,1' pf~stJ11·<."E. A me>f,hod' of ealptudug, marking, 
i·r••lcu-,i,,1~. :111d re,~:1pturiu1f ad.ult. gras-sl~opperg showed 
tk, t Phr11r/(£1 ·r-td11t111 \l'll!S !Jf'dcu tm1:y a11d so t.hrs method 
r•111dd lw meil sati;;:J:rntori.Ly fol' detesmining its f1ensity 
in pn,tnrrs. 

G. P.1HTUllH C1o c1,c.JIA 1rnrrs. 
(Didsion of Entomology.) 

(11) TT,r• f?ln ,'7, R<'t'ile ( Hetnonvrlms ~anrtae-
hPlP11a<' ).-- F,11lr.wi11~ inifinJ ~111·vt:s;, of a fferte<l 
1li t·r~rt0 nf the New 8011th Wah's C'rM1st.,, tC'g11lnr 
(\h~"n- :!1 1 n"" 'll'C'l'C' nrn(le i 11 a unrn lJ,-,, .. of. ~el'rr red p,~ ;:tn res 
fr,1 111 Grnftnn tn Nowrn. R~rnpk~ were tRkcn in con-
11exirn1 with stlt!tirs on the ]ifo r;ydc. disfrillJution, an,! 
population den.,;ity of t.lic lni,·va.e and a,<lul t.<>;. 

A. 1·rr,y ;:r\·C'l'c' rfrop in l1t>rt.1'c u 1m1hN·s wa.s rccorde<l 
clnriug: th" wi·ntt'r nf 1!).,4,, whe.n this. ,.tag.e sufferpJ 
111orhdii t~• fr(mJ baC'fc1·ial (foc:1.s.cs. This drop occnrrPd 
thrn11g-hr111f the. l'1rng-e of the si~cdes im New South 
\\Toles ~u1d i1,1;,tn.nn's of st>n,re damage. to crops or 
p11,f·111•y~~ wc>t'C q11 itP rare in the snm1ner of 1954-55. 
n npprar, that 1int11ral control' o{ Jilll'mbers is effected 
li:v Y,'ll'iom fiMtr,ri.~ l nnd funiz::d clisea.•es· :u1d tbn t 
i1~\"f'C't rnrn8itrs nrl' f'M1'l j1/ll'/l f.i v r-ry insig,nifica.n.f i:11 their 
rffects. 

.S"·n r111 ing l'l igli ts of l'he beetle sL<tge occur only, under 
w1·_y lwmi,d l,ot c•ond itr<rns.. T1,] dry localities (e.g. 
.\(h•laidC'. P'ertJi . nnri parts of S0uth Africa, to wl1ich 
tlie imcet is n:Hil'l') tl'ie occlJes do 1,10t fl.Y, hut walk 
1>lmd_v O\'l•r the .sm·f,wc.. A nmmher of cheap and 
cffcrtin.1 <'tl'lt!Tol methods an~ a\Taifaol'c for 11Ise im such 
,,ir,:mmst:11,,('l.'s. In more hmnid 1:eg·iion.s, e.g. the New 
Smith \inlc'.;; co(t~t, N t1cci'ally die centi-al und northern 
,H,-t1·iefs. swa1·n1i11g Uit,,hl'& oecmt· ,,cry frequently and 
(•Yvp p,r-<ttcction is bMb d:ifficu1 lt and extre1nel.v costly. 

(h) Tlw Pnn'.no.w!. Scarab (SeriJ!1=st.his prnino~a) .
'I'h iR ~p<-'r' il's, Wt'H known as rr pest; of l:t,W'tlS. i:1,i coastal 
!nrn;•iti.c•• i-n ~m1tR1-ca~fm·11, Anstt·ali_a, wag first, reported 
1u ( ·anl i('l'l'll m l_fl •II.I. It _is 110w 11:11:lc,-..pren,d thirn,ughou t 
1lw. ;;out\Jern, Im lf of the c1 ty, atHl rn i;he, prese.nt, :iutumn 
hA,3 ...-:imsed ~avC>re rlnmn.ge. 
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7. PASTURE CATERPILLARS. 

(Division of Entomology.) 

Investigntions were resumed during the year on the 
identity, distribution, and ecology of the larvae and 
adults of a series of cutworm and armyworm pests 
of pastures and field crops. 13y studying the types vf 
most of these species in the British Museum (Natural 
History) and the Paris Museum, several errors in 
nomenclature and identity that have persisted in th,J 
Australian literatmc for many years have now been 
corrected. All of the Australian pest species hitherto 
considc,red to have been a ~ci<len tally introduced into 
d1is country are now shown to occur here naturally. 
Many are ccnfinecl to Anstrnlia, whereas others of 
particular importanee in the tropical and sub-tropical 
areas Lave a distribution through tbe East Indies to 
northern Australia. 

The impossibility of identifying tbe lar,·al and pupal 
stages of these pests has previously been a serious 
hand :cap in studies of their distribution and ecology. 
Series of larvae and pupae have now been reared from 
eggs laid by accurately identified adults of most of the 
species and keys for their idcn tification are in 
preparation. 

Obsen,ations on the spring migration of Agrotis 
infi1sa adults were continued and an experimental study 
of factors responsible for the aestivation of these moths 
dt high altitudes in southern Australia has been 
resumed. 

8. RED-LEOl/Eo EAnT11 Mrrn AND LucERNE FLEA. 

(Division of Entomology.) 
(a,) lnsecticule Experiments. - At N edlands, 

Western Australia, a number of new insecticides were 
gi,1e11 preliminary tests against the red-legged earth 
mite, and endrin nnd "Dilan" were selected for field 
trial. 

Two large-scale experiments have given interesting 
results. 1.\t Meckering, Western Australia, it was 
shown that the dosage of parathion could be reduced 
to {- oz. per acre and still give almost complete con
trol of the lucerne flea. Results previously reported 
for DDT and dieldrin were confirmed. Linda11e at 
l.l and 2.3 oz. per acre gave a good control of the 
earth mite, but was not as effective as the DDT tre:i.t
ment. This insecticide had no toxic effect on the 
lucerne flea. The predatory bclelTid mites were virtu
ally eliminated by DDT, but were not affected by 
parathion, lindane, or dieldrin. At Grass Valley, 
Western Austn1Jin, malathion nnd chlorthion (wl1ich 
nrr s:iid to be relatively non-toxic to the l1igher 
wi1n1d~) prorerl higlily successful against the lucerne 
n,,,, !l t .Jo~ngt>s from l to 1 oz. per ae1·e. The former 
,ii~" /lf•liirrecl a fairly satisfactory control of the earth 
111 j ii'. 

r Ii) l'o 1ml,i/ ion Shirl irs.-Ob~ervations have been 
,111fi1111l'rt on t\\'o 111·pas set Miele for a study of the 
111111;.rr•~ i11 t.hr pnpulution 1C'\'Ols of the reu-legged 

,•;11·tli milt·. lnc•prne 11Pa, and hdrllid mite in pa3tures. 
\t \T1i!Pliin~, iVP~tern A11strnlia, although drourrht 
n·.• I ri1•tf',I ohsrna tions to a period of less than th~ee 
111nnths in l!J54, the population contours for the lneerne 
flrR ehangetl in a rHerse direction to that of 1958. At 
Wa)'()ona the lueerne flea population remained at a 
rery 1011· level. heing greatly surpassed by that of the 
p1·edatory bdellid mite. Changes in the distribution 
of the enrth mite population at Waroonn were agam 
ma1·ked, but _the pattern was different. At W11fobing 
there was nrtnR lly no change throughout the two 
years of obsenation. 

(c) Effect, of Enrlh .Mil-e on Pasture P1·od1iction. 
- -An expenment designed to determine the effect of 
attark ?·: the red-legged earth mite on the yield and 
compo_s1t1on of a subterranean clover pasture has now 

been completed and the results over a period of four 
years are being analysed. Elimination of the mite 
resulted in an overall average increase of 15 per cem. 
( 1.4 cwt. dry matter per acre) in total yield of early 
season (June-July) growth and 11 per cent. (2.7 cwt. 
per acre) i~ total yield of late season (October) 
growth. In both early anJ late season growth there 
was a substantial increase in the yield of subterranean 
cloYer and to a lesser extent in miscellaneous grasses, 
n slight increase in Erodiurn, and a distinct decrease 
in cape-weed. 

(d) Physiological Studies.-The influence of tem
perature on the de.velopment of the aestirnting aggs 
of the red-legged earth mite has been studied in further 
experime.nts. A preliminary study has shown that, 
given adequate moisture, the ability of these eggs to 
utilize periods when temperatures are suitable for 
dm·elopment is dependent upon the nature of their 
previous exposure in a moist state to temperatures 
above the developmental maxirnum (ahout 21 '.) C.). 
Thus in tbe field when moisture becomes adequate, 
development during the favorable temperatures at 
night will take place only when temperatures during 
the day are either below this maximum or above it 
for only short periods. 

( e) B dellid .Mite Dist rib u t,ion. - A preE m ina ry 
identification of the ,bclellid mites collected over a wide 
nrea of the south-west of Western Australia has indi
cated that at least ten species are present, some having 
a wide and others fl restricted distributioD. 

9. CATTLE TICK. 

(Division of Entomology.) 
This worl, is reported in Chapter VIII., Secti011 5. 

10. INSECT PESTS OF STOl!ED PnonucTs. 

(Division of Entomology.) 
Investigations into air-tight grnin storage have con

tinued and a study of tlrn effects of this method on 
the small strain of the rice weevil, Calandra oryzae, 
has been completed. It has been shown that, in 
general, this species responds in the same way as the 
gr:iin weevil, Calandra granaria, but there was some 
inrlieation that very young larvae pass through a 
critieal stage during which they are very susceptible 
to combinations of oxygen and carbon dioxide only 
a few per cent. different from those occurring in 
normal air. I.f this can be confirmed it will mean 
that long-term stornize of gra.in infested b.v this species 
could be sur,eessfnlly carried out in silos havin~ a 
much lower standard of sealing than that previously 
considered necessary. 

The erection of an experimental l ,000-b11shel steel 
silo hnfl been completeci. It bas ,bren renderecl as air
ti.!!ht as possihle by t,rr,atment of all joints and senms 
with a sprayn ble plastic preparation. In order to 
follow changes in the temperature and moi~ture of 
the grain and chanj:!es in the composition of the inter
gram1lar air, s-pecinl equipment bas had to be bni1t. 
As the silo must remain air-ti1?:ht during the course of 
an experiment, distance mensnring techniq11es have 
beeu emnlo:ved. A ·network of sampling points has 
been ii1stalled, each point carrying a thermocouple 
nnd II fine sampling tnbe for the extraction of gas 
samples. 

11. BIOLOGICAL CONTROL. 

(Division of Entomology.) 

(a) Weed Problems.-(i) St. John's Wort (Hyperi
eum perforatum) .-The laboratory colony of tl1e 
ee~idomyicl gall-fly Zeu:i;idiplosis gia1·di has been main
tarned~ an<l during the year further liberations were 

made m New South Wales and Victoria. Of the 



two 0l"igitnaJ l1i.oei··mHons made, duriug 1953, one; ap,peal"s 
to have been misueeessfrn1, whi]e t.lie other at Tue.mt 
1111~.s m,ad'e littlci pro,,,ress. 

(ii) Ra,gwort (S~,l:l\ecio jarnbaen).-A inu-vey bas 
been. mill.de of the rag.woi·t infosfat,ions ]tll the, Gipps
landl a1.1d Ot,niy are,as of Vicfan•ia. Preparations fo11ve 
hee11 made, to intp(lrt Euche./.i(r, ('l'yria,) ja,coluum from 
Engfand, mndl front t.he lfoditmTanerim. reg,iom. 

(iii) Lt2n:tana, (Lai.nt1ma. c,amnra).--As a re,<,nlt of 
1J1ie Cenbaf Arne.rir.irn1 e.:q1loratory wo,d:, a. tmrn lJer o,£ 
fosect ernemres i}f limta1~11. 01re wn; ruvai.Ia hle in, H11waii 
for int:rodUJet.i:o,n int.o A.ushalfa. 

(b) _ 1,w.ect Pi·obiems.- (i) (}abba,ge J,foth (Plnt:ella, 
11wH:uli.pti1rni,9} .. -Tlw Em:otJ<!alil 111.1·\>al parasite A.pMi-
fe.les plnlcllm1, nhlio-1~gh s ti]l ,]ming li.her:ite<l iin selected 
loe11lities, bins. Iiee,n re,peated]y rcco1•ercd ttmd is ce1r0 

!nimhy es;tahUsl.tied. The i'nt.i:od\llcc,r] pupal paLrasite,, 
Di,1dr01nue r;olhtnis, fa fa:ccom.ing more, ahmvlant a,11<] 
wiidespreact FieH p:n,rrusitism b.y tTu:e compie.x of fntro
d nced pa1,·asitcs rem :11i11.s. nt a. very high Ie.1rel, lf oi-o
genas ce1·oziTE11gr1, beii111g c.1>pedatly nurnero1'1s. Tlrn 
ettidei,1c® tha.t Pfol,dr.t1, h1M, d.edin,ed ~n al:"11.nJn.uce e,on
tnuues to 3!CC1UillUlfat.e. 

(iii} C':ab,-lmgc Wluiltt B-'11:t/erft,y (Piel'i1s rnpn.e ).
TT1r. Hl1ernttirrm of iiitroduced pa.rasites of this: pest; ]ias 
e:ease.d fo,1• the ti1111e heit1tg\ A.71anfoles glonwratwr n.n,J. 
Pformnafo.s 1,m:pr,,•twt nre. ev.ident.1.y genm:a.lly dist]•i.-
fa1.tr,d in tJ1.e c11bbnge-growiii._g areas of tho Oo:ui.m.on
wealth 1md :1 very high pcreentage pr1rasi.tis1.n of tlw 
liosl: ocemis, ,.fpanb,Zes. 1·nbeeul.a. is estahtished, but. 
a ppare]ltry it is. no,t yet as almndant; as the. ot;he1:· two 
spedes. 

(i.ii) Green TTr.:gttta:bfo Bug (Nc,m.ra viddtll.'.1,):.
The egg irnrnsites fiJicrop,hanwm.~ bcr:salis (West ]ndi1;;m 
st-rain) ruml Ooen'c:r✓rfu.s ,rn;bnwfollictcs co,nt,i!l,l_Ue-d to Tic 
cnlt.ur-..:•.d at 01rnhern1 and l.ihe.ro.te-.d'. ii11 t,hc fu'>ldl. 
Nei\tJ1.er of t.hmn s111cees.a.£uHy IJ\terwinte:1·<'.<I 011t of rloors 
in Canbern. 

S'o fai-, no re:co\·edes, ha,,e l~een made of 0. 1mb
rrwtallu~us,, WDr was 'l'ri:clwvoda permi'.pea ( an A1nerfoan 
parasilt..c rnlea1:1ed' sev·er ail yea.1:-s aigo} reco,,-e1·ed d ndn.~ 
t:b.e ye,in. ]''fold. studies 1nave rliisdosed the rn:ese.111ee. of 
c.e.rtain native ])rimn,ry egg-p:.nasite.s. of Nez.era. atlld 
afao of a J:11.VJ[ltW·par asi:tr of the, f'.c~t1.1bl.isTue.d' egg--parasitf', 
)[. has.rJ,i.~. 

(iv) Qtce:en.~l,xn,(l Fruit Fly (Sh.·mn.et,a tryoni).-
'Tbe mai.n cm1)lrn.srs of w0dt in tlie p;JJsf; yea:ir has heen 
cm colledirur- fn.1it sam1:,,]esi horn si'.tm1.tionS' where 
h11see:tJ.ciides imi, not em1~1o,yr.d a.llld on rearing 1!H.lt the 
cml!fa.foed inserts. The objective has bee:n to oht.aiu 
diata 0:11. the eYisting relati.o-n1shi.]ilS' h.etwoon S. fryrrni:, 
nnJ. jt;g fos-ect pai·a..o;itr.s, i.]t ~rde;r to, a.ss]st in fut:m:c 
eval ua.t.icm of tlle elit'eds on Queensland frutt fly pow,]1-
Jlrutfons. of the h1t.ro,foetion in.to A.rnsha.Ha, of fiweign 
i'rlllit.-fly- parais-ite;i. No tmporte.d parnsiite . .s, n!ltve, be.en 
relemse.dl so for in the pr€.semt pr0g1rn.mme. 

P 'opuln.tio:nis of S., t.ryon,i:. in. the Sydney met.rnpoHta.n 
aren., alt1ld abo n.t Cofl's. Hnbo-,n'.' and 'T'amwort.h, 
New Simt.h Wrnles,, seemed to be vil·tlJ!aUy unnffeeted 
n,y endop:rurasitic in:...~ets. Opius fr1101t:i was the main 
p11rnisiit,e. ol:it.ruined in. nlll tln:ee districts,, only one otl1er 
re:co11d being obtrufoed: in Sydney, n.u.d 11. few specim.ens 
from the 0. persm;lcahc.s, gl:'O'lt)?' in (fo,tf's Ha.rnolllr-. 

Tra1p,pin.g 0 ,f nd'u.llt fn1it fires was c.arried. 01!1,t, tlrnough 
tl1e yem· mt. selec.t€.rl loeatio,ns in. the SyiTney !trer1. 
The 'g1,"e&t ium"<'.asie in f1111it-fly activity in 1954-55, 
cot'tl]JtHed wH,h ywevious. yea.J:"s, i1e.]HH1;ml getml1'aUy ihi 
New S.ou!.h Wrnlcs, was 1·eil!e.c.tef] in die eat:c,hes. in 
these tra.ps-, which. aloo 1:,lrnwed. a weU-d:em:rned petfod 
of a.e,tivit.y hetweei~. N ove-111ber and ] ·fay. 

(v} Wtw; Scal.f!.s• (Cemopfastes sm1.). - ']~he citrus: 
:i-ire"-'1is "'f eoasta.1 New S.ontJffi VIT a.lei, aH(r Q,uee:u.slan~ 
ba.\l'e lx•cn sm11eyed' in O•l'dctt to 31:,sxe,5.9 the degree of 
infesl'!lticm. n.nd to d1.',f'..,ov-e1· amy 1~at.ive p-all'o:.sit€s !ltfack0 

ing tnese s·eaJ'.e1>.. Arramge1ne.n1t~ mimre heen. mttd.e to 

import from ,Ta.p111u 11 smnll consign~ent of a w:asp 
parni.si'tfo on th.e: pink wax scll!le (0. Tttben,s). Part1cu
fa1· atr.e11.t.io,t1 is also !>eing pai.<l to th.e white wax scale 
( C. desl:rw:,/;or-}. . 

(vi) A.z,ldd Paras1:l-e a:nd Pre-daifor St1.ul1,c·g.-Numer
<ms specie.~ of Aphi1diimae (Idrneumon.oidea) and 
A.plteHnidae (Chaleidoiqea.) ha.ve been in:e1] out frfm 
aphi.ds, bnt tht',iv e,ffi.cacy is off'en t>edtueed by t.l're action 
of hyperpa.ra.site,,i, 'I'h is i.,s e,SJ)ecially true iru tb e cn~e 
r~f fl:re..1>1°':<mryne l.ira.ssicae which rua.y be h.ypel"pnras1-
ti.r.e<l t.o tI]e extent ofr 8.~ per· ce,n.t. 

12'. T'1m:M:JTi,1s AND O·r,nm Wmm~DESTJWY.tNo INsEcTs. 

(Division. of Entomology,) 
(o:) 'l'erm,i'./,J frwesligati:oits.-Materiia:ls s11hmitted to 

w•sts in 579 s-tu.J~(fa.rd Jlnibora.t.o-ity t,e1•mite eolonies.-inc}uded 
,c'\.mstra lia 11 commm·einli tilmbc,r.s. locaJ. alild 1mportsad hard
boards, and a wid!e, range mf plastncs sueh as polyvinyl 
chlo,l"icle, t1ol,yi:l1.e.ne, polystynme, aml ce]lu1.fosa acetate
hut~yrate. Iu a.ddi1tion to e.x:11.1,ni.uing the relo.tive 
resistrmc~, of the pla1;tics tJ1ernsehres, t.J'm e:!Iects of 
d!ifferen,t p]a:stic,fae1rs, fi.lleJ"s,, p,igmeilf,~, &c., is being 
studied, t,0) cfot:crminc t,he eombi.uations of mdditives 
which produce the, most rcsist:;rn.t end p1rodact Work 
is also i.n progw.ss in. n.TI1 e.ffort to cl'rn.ra.ct.crize the 
compo,und' ol1' comp01u1da present in th<~ woo<l! 0£ black 
hM it ( Oasf,tJ,nosper-nuem, a;ustrai.e) wrhid1 rn a);e tl1 is 
t,imfam: so hig]1l_y 1resi.star~t to tern1if:e attack. 

.A<l'clitiona.l nerd rests of pre.~erva tiive trea.tm011 ts were 
.inst;a,]le~ ai·~•ll-ll(l m.o:un ii colfmi\e.<t of N a.iu:titerm cs 
e:,:i.li.ostts a.nd Gopl.ote:rm;rss /:acieus r!m·i!ng; the past 
twelve months. These included tests of t:he efficacy 
and pe1·mane1.~ee o-f sndn,ce· tre.'1ltmer1fa· with such 
m..a.te,r-ials. as, ere.o.wt.e, sodinm arsenif;e,, cl1Iordane, 
akh·in1

, dielrhfo, aiM!c pontruch.lorphenol. 
A.dditi,~.miJ soi.1-,poisoniug: t.est;~ were. inst.a.]]ed. around 

1nmmd colonies of N . c,µri.tias·ils nwl 0 .. l.(l;cfouB,, nnd in 
th.e lRiverima. aga.nni:lt co,mpfately s11bternrne..'l.t1 species 
s11d1 as Ooptatm·mes fren'.chi, Ilct.zro,terutes ferox, nnd 
1li[ieroc,erole.nn:es sp., rn,i111g Hndi.a.ne, !llddrn, t.etttac.h loro
beu.ze.ne, c,hlonfane,. a.nd dieldrin. 

(ri) Lyct.:ns: l1westigati.'r.in.~·.-Iuv1..'l.',t.ig111tfo11 of tl1e 
1mtriti-oua 1 rcguixeme1a.ts of Lyctw1; I::trvae, is now 
ecn.trnri 01~ t:heitr ability toi uti.]iz-e va,1·ito,us st:erols nnd 
st.e:roidl compound's. Res11lfa. s·o fair foJlicate that the 
larYae a.re, ahle t.o bring: a.bout hr.rnd shifts, hydlrolyses, 
anrJ de.h.aJog:e.nations, to e,om.rert the der,inrat,ives t.o the 
p.orcm.t stP1:o.ls whid1 are. tn.e.n met;a.n.oli.zeit 

13 •. AN"T Im'EsTTGATlONS. 

(Dh~faion of: Entomology.) 
(a) Meat A.nt.-Pmst work lta.s shown that the 

i-lUcce.ssful. co11trol of colo11ies of the I11.eat ant 
(li-idam;yrme:o detedus) ill' 1lls11u1.Hy tollo,ved by the 
occuipaitfon. of the treated JlP.St, site by a;nts from 
neiith bo,u.1:ing colo1mi:e.s. 

An expe,rim.e:nt. ha,s meen cm·1·ied! ou.t near Canberra 
to., cmnpa.rn sp1,•a:r-i• and. dusts of sever-al inseetiddes for 
rnent Rnt e.ontro]. 

(b.) A.rgenUne: An.t.-The Tut 0,f a &3ries of experi
ine,}tts. in e.o-operati01n with the Stn.te De.pintment of 
A.g1·ieU11t111re to, stwd,y the effec.t:i.venesa of diieldrin in 
We~..te,rn Atl!>ltriu1ia has be.en e,omple,ted. .A.t Shenton 
Park no A.rgen.tfoe ants were: foma.d in tr1e houses 
treated with spra_ya, eontaiuing fil.5 pe.r e;e.nt. or 0,375 
ne.t· cent. di.eldrin, whiile 0 .. 25 per eent. diieJ,,di•itn gave 
ve1·y good eo,nt.roL These res1dts were ohfained in 
t,ime t,o he of ~s:e fo1'. .. toe et'!lt?TC'f!,tion c.a1mpaigu in 
Western Australrn. a,ml 1.t was decided to use. 0.5 per 
<'ent. dieldri'n for this "'or.k.. · 

The EW!;tdi.c.nt,!o-n. ea.rnpaign in l}r't'l!l'.]'ess iti Sydney in 
ea-01l~.rn.tJ.OM w1l;h the New South W nleS' De1J,artment 
o! A[l;d.e-,1lE11re and' l'oca1 fr'u-,rennue.nt '!ioclie,; ~,ras con
tr.1ilined durn,1~ the. ,vea,r. A cm·efo1 P.,}raminatt i.ou of nll 
arerns treafi-e<ll. up to the. end of 1954 was 1:nade in 
F 'ehr1ntry-Apr.il, 1055, an.d'. 3:2' of the, 68 a.re.as were 
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free of ants while most others contained very few o.nts. 
It was estimated that the actual space occupied by the 
Argentine ants in the area treated ~1tlmost ::l ~c!uare 
miles) was less than 50 acres. Su:teen add1t1onal 
infested a.reas were found late in the year, and four
teen of these, totalling 150 a.eres, were treated . 

.Sprays containing 0.75 per ~ent. dieldrin superseded 
the 2 per cent. chlordane sprays when stocks of the 
latter insectidde were exhausted. 

In Victoria tlie experiment to compare sprnys con
taining 0.5 per cent. dieldrin and 2 per cr.nt. chlordane 
for eradicating Argentine ants from the Melbourne 
Universit,y grounds wns examined. Dieldrin proved 
more effective, only one small colon_y persisting in the 
22 acres treated with it. 

( c) Ants Affect-in,q I '1e Ger111:ination of Ji'orest Trees. 
-Seeds of Encal11pfos cinerea sown iu October, 1953, 
after spray tr eatinent of cleared forest a reas with 2 
per cent. chlordane, did not germinate for nearly a 
year due to absence of rain. Counts made on the 
two treated and two untreated plots in J une, 1955 
showed that 172 secdliugs we.re growing on the treuted 
plots while no seedlings were found on tllC untreated 
plots. 

14. lNSECTIOIDE !NVESTIOATI-ONS. 

(Division of Entomology.) 
The study of factors influencing the susceptibility of 

insects to iusecticides has been continued, using house
flies us the principal test insects. I11 an attempt to 
determine whether susceptibility and pre-adult develop
ment rate nrc linked nnd inherited, as indicated in 
earlier work, three snbstrains from the Canberra 
laboratory strain have been selet-ted for rate of develop
ment and tE'sted for susceptibility after a number of 
generntions. .Although little difference from the 
unselected parent stork was found in I.he fast (with 
resnect to rnte of development) and intcrrnedinte sub
strains, flies of the slow snbstrnin were found to be up 
to seventeen times as resistant to DDT. 

Observations on the biolol!Y of the tl1J•ee substrain:; 
hn,·e shown tlrn.t rapid development is an inl1erited 
elinrarteristic, n.nd tbat f ewer inrlividnals reacl1 
matnrity in the slow snbstrnin. The conelation 
brtwPPn su~ceptibili ty, rate of development, and 
viabilit,y indirntes n merlianism by which, in tho 
ah!'enre of selection, resistant individuals are main
taii1ed in minority in t.lie pounlation, aml a stabilizing 
inflnence is thus exel'ted on the susceptibility of the 
stl'ain. Similar stndies are beirn~ mnde ou a DDT
resistnnt field strain from the Roseworthy Al!ricnl
tu1·a l Oollege, South Anstrolia, and on another resistant 
substrain de,1eloped in Canberra. 

15. T A.-.;ON0:11'.T. 

(Division of Entomology.) 
It is almost universal iu Australian entomology for 

a worker to find that the identity of the species he is 
stuclyin~ is open to doubt; in fact, in many i11stances it 
has not been described at all. A good exnmple of tl1is 
is given in tl1e section (tl1is Chapter, Section 7) 011 

pasture <:aterpillnrs, where it is r e ported that taxonomic 
studies have shown all of the Australian pest species 
of annyworrns and cutworms to be native species, 
whei·eas several native species hnvc often. been con
fused previously under the name of a common overseai, 
species. · 

One of the sub_ieets which was given consi<lernble 
prominence at the Sixt.Ji Commonwealth Entomological 
Conference in l !Ji'i4 was the training- and suppl,v of 
taxonomists. This is a serious •problem tl1ronghont 
Commonwealth countries rtnd it is not unexpected there
for~ ~lrnt_ in Austrnlin_. one of t.J1e youngest of all, the 
pos1t10~ 1s worse th~n m. mos!, There are comparatively 
few active taxonomists m this country . EntomoJo.,.ists 
in C.S.I.R.O .. tlrnrf\foro, ar(\ not i11f1·P.q11ei1tl.r obliged to 

!.lntel' the taxonomio field if their investigations are to 
be of any value. Even in laboratory expel'imental work 
there are examples whr.re i t has been proved, after the 
work is statistically analysed and published, that the 
experimente1· was working with a mixture of species, 
and not one as he supposed. 

To establish the taxonomic status of any insect, it is 
-frequently necessary for n worker to study the whole 
taxonomic unit, which may be only the genus, or 
perhaps the family to which it belongs. 

References hnve been made in the appropriate see-
tions to taxonomic work on locusts and grasshopper;;, 
cockchafers, cutworms, arm_yworms, and Psyllidae. 
Other major groups which are being studied in the 
Division are the Diptera to w hich belong important 
species of blowflies, and the Chalcidoidea, which 
includes the most important of the parasitic wasps, 
cockroaches, termites, and ants. The Ichneumoni<lae 
and Bro.conidae, otl1er impor tant families of parasitic 
wasps, are being studied by a New Zealand entomolo
gist. 

X. WILDLIFE. 
1. GENERAL. 

In every .country in the world mammals and birds, 
both native und introduced, affect primary production 
and other human activities ia a variety of ways. In 
Australia, what may conveniently be termed wildlife 
problems range from that of the rabbit1 the country's 
most serious pest, to the mutton bird, on which a small 
but valuable local industry depends. Kangaroos, 
possums, and ducks of various species mu,y he pests at 
-various times nnd in parts of their r ange, while calling 
for conservation elsewhere because of their economic 
vnlne or tl1eir importance as game. To deal with 
wildlife problems that called urgen tly for solution or 
merited .scientific study for other reasons, the Organiza
tion es tablislicd its Wildlife Survey Section in 1049. 

Wildlife S1trvey Section.-Dnring the first two or 
three years of the Section's c:s:istence its time was 
virtually monopolized by investigatious of the rabbit 
and its control, and pai-ticulnrly b_y the virus disease 
myxomatosis which, after i ts successful liberation in 
1950, has brought annually increasing benefit to the 
country. 

In man,y of its investiga tions the Wildlife SurYey 
Section depends rnateria lly on collaboration with State 
Depart ments, with Universities ( particularly the A us
tralian NAtiom1l University), with other b

0

ranches of 
the Organization, ,md with i11dividual landholders. 
1\mong the establishments which have <iollaborated in 
the work of the Section are: the Wes tern Austra I inn 
Department of Agricultme, the Vermin and Noxious 
Weeds Dranch of the Victorian Department of Lands 
and Survey, tlie Tasmanian Depar tment of Agricul
ture, and tl1e Victorian Fisheries and Game Depart
ment. 

The Section has established very close relations with 
the Antarctic Division of the D epartment of External 
:\i!airs, a~d hns _taken on _a c01~sultant and advisory role 
m connexion with the b1olog1cal research carried out 
b_v the Australian National Antarctic Research Expedi
tion . 

2. RAnnTT INVESTIGATION'S. 

(Wildlife Survey Section.) 

(a) Myxornatosis.-O,•er the greater part of the 
caster~ mn~n)and S~ates there was widespread myxo
matos1s activity dnrmg the 1954-55 season. When the 
fnll effect of the summer outbreaks could be assessed 
it was found thnt rabbit numbers were ~enerally a~ 
low as they were at tl10 encl of tl1c 1952-53 season fo 
w_liic~ the disease was particularly effecti're. Some 
chstncts, e.g., the Ne,1· Englnnd area of New South 
Wales! received tneir :first effective regional kilJ since 
the disease wa.s JihPrati•d in 191'i0. The extremely 
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satisfactory disease performance <luring the past season 
was clearly indicated by the results of the survey, 
carried out annually, of three sample areas, each of 
100 square miles, in the eastern Riveriua. Thcs~ 
surveys now •provide n four-five year picture of 
m_yxomntosis a ctivity ancl its results, which ar~ fo;1nd 
to be closely col'related with the amount and distl'lbu
tion of seasonal rainfall. 

-6.s in the previous year, intensive stn<lies of disease 
und insect vector activity in carefully selected nre~s 
have comprised the major part of the myxomatos1s 
research programme. Tbe main study areas are: (a) 
two sites in Western Victorin, 011e being in the; :hifa~lee, 
(b) three sites in the eastern Riveri11a rep1:eseu_tmg r1_ver 
fronta"e foothills and plains, (c) t wo s1tcs rn typical 

.., ' ' ·c1 l . N northern t al.,lelnnd country near ~ rm1 a e 111 ew 
South Wales aucl (d) two sites in the hilly coastal 
country of ;outhern New South Wales. The data 
obtain~d confirm the importance of A nopheles 
annul-ipes and C1tlex aiin-ul·iroslris as vectors in the 
inland areas, the former being mafol_y responsible for 
spring and autumn epizootics and the latter for out
breaks occurring in snmmer. An unusual feature of 
the. season was the occurrence of high atmospheric 
humidities during the summer whid1 r esulted in wide
spread ar:ti vit_y on the part of 0. annulirostris, a species 
that is normally r estricted to the !1eigLbourhood of 
water, . 

The vector picture in t,l1e coastal and near-coastal 
country is now known to he more comµlicatcd than is 
that of the inland regions. In the Me1Ticumbene study 
area, on the Mor uya Hiver, six r ecoveries of t he 
myxonrn virus were made during the summer from _a 
total of 871 mos<p1itocs, i.e., two from C. annulirostris, 
and one each from A. ann11lipes, A edes alboanmtlatus, 
A. noloscripliis, and an undescribed LleJes spp. It was 
obsened that peak numbers of mosrp1itoes (chieliy LL 
anm1l·i71es ) were found resti11g in rabbit \\'arrens during 
periods of prolonged wet weat1ier as well as during 
periods of extreme dryness. At Colo Yale, the seco1_1d 
coastal study area, the reappearance of myxomatos1s, 
after an apparent absPnce of 22 montl1s, was corre
lated with an increase in the population of A edes 
a.lboa11nulaf·us, although this was only one of seve11 
species of mosquitoes o.n<l two of sandflies shown to 
feed on rabbits in th e ai·ea. In New England observa
tions indi<>atecl that C:nlex anm1liroslris was the main 
vector in the summer epizootic, but that Aedes 
alboannvla {us and A. v itf·iger ,probably played a part 
in transmission. As o. r esult of these intensive studios 
of vector ecolog,y and behaviom in r elation to 
climatology and disea$e activity , knowledge ?f the 
transmission and performance of rnyxomatos1s and 
their p rospects under varying 8easonal conditions is 
now approaching the stage where it can be considered 
adequate. 

Certain cJrn.racteristics of the disease produced by 
the French strain of the myxoma vims suggested that 
i t m i~ht be more sncces~ful than the Austrnlian 
"standard" strnin il1 competition with a ttenuated 
strains tha t have beeorne prevalent in the field. Two 
-field trials of the F ren ch strain were aecordi11gly 
carried out duri11g t he year, i11 collaboration with the 
Australian National Unfrersity, 0110 at Lake Urana 
in the R iYerina P lains and oue at Merriman bene. I n 
b oth cases the :Frencl1 strain failed to gain ground in 
competition . wit:b th~ local s~rain. The fat_e ?f the 
F .rench stnun was followed 111 g1·en tcr detail Ill tho 
Lake Urana trial, and the r esults were particularly 
interesting. The locnl virus was prc8ent in low con
centration before inocula tions with the F rench straiu 
were initinted in early Nove~nber, 1 954. By_ mid
December 241 ·inoculated rt1bb1ts were r eleased m the 
area • and the disease became well established aud 
subs~uently reached epizootic level. Tests ca rried out 
by the Microbiology Department of the Anstralinn 
N ationnl Univflr~ity on vi1•us samples isolated at 

different stages in the epizootic showed that the French 
strain (presumably because of the large numbers of 
inoculated rabbits liberat,ed ) at first dominated tho 
local straiu; by mid-December recoveries of th8 
French and local strains were made with approxi
mately equal freqncne_y; but from that date onwards 
the local strnin became domimrnt, and it was the only 
one recoverable at the end of the outbreak. 

Tbe "interference" of one strnin of mv:xomatosis 
virus by another was stndied under labo1;itory con
ditio11s. It was shown that prior inoenla tion with an 
attenuated strain protected rabbi ts from the lethal 
effect of n virnlr>nt on(>. The evirlPnce i11i! icatPd that 
the lesions contained virns of both strains ; but on 
passflc:ing the m01·<' virulent strain became fl ominant, 
1.111d produced mortality in experimental rabbits on the 
.third p11ssa c:e. 

(b) Robbif Biolo_q11 rmif. EroloqJ;.- The analysis. of 
samnlPs faken pcrioclicn llv from rahbit porrnlations 
(nrimarily in ('onnPxion with the mvxomatosis investi
g-ations) provided interestin,r indirntions on surh 
matters as mean l ongevity and vnriatinn in litter size 
with a!!'e of doe. To get a rneasme of the "resilience" 
of a rnhbit popnlnti011, irnd its poweJ' of recovery from 
mortn li ties imposed h.v poisoning and ot.hm· control 
meaimres, more precise inforJT1ntion i.s requirEJd on 
these poin ts, and alM on i::ueh tl1inrri:: as ki ttc>n snrvival 
under differ en t <'l"nditions of pop11l a tion ilcnsitv, and 
tbe nnmbcr of littcr·s bnrnr hv 1·lw aYrrage cJnp in one 
breedinl! seni::on. Tt wns frlt thnt this inforrnati011 r ould 
onlv he ohtai11Nl sntisfactoril_v from a ral)hit nopnlation 
maintained nnde1· rl0°r 1111d {'Ontin11011s oh~rrvation, 
which wnnld nermit th" hi•t.orv of imliYi,l11al nnimals 
to hP followerl. Arrordine-lv an exnprin1Pnt lias hPen 
initint"il to d rtl' rmin0 wl1ether rabbit pop11l ntiom ran 
be hPlrl and stn,liefl in enrlMnres ,miler ronditions that 
won],] apnrnximnte to thMP in n:1t11rP. Tf thi-'l pre
limi11ary trinl is i::11r,..<'ss f11 l n spries of long-ter m 
r.nrlns1m> stnrlir,q will be initifltecl. 

( c) Ro.h11it Poi.~01111117,- Enelos11rp expPrimr>nts on 
the hrlrnvio11r of rnbbitil rlul'ing " frt>e frr rling" wPre 
rnntim1rrl in Tn ~mnnia. witli intP1·e.stinrr · rei,,11Jt,1. 
TT11,lr>1· tl1ei::c ronrli tions. individ11al rnhbits anrl smnll 
socia 1 J!roups flrVPlop rPmarlrn hlv sterPotv11ecl nattrrns 
of movement rrnd fee<lin!t. nnd tl1e nrohlt>m is to diYr>rt 
them to a new som-ce ~f food. E xnct ;:itinl? of tl1e 
fnrrow in relation to these nnttnns is nll-imn<'rt11nt. 
As tllP. Aim in pohoninir is to ,2'et a~ mnnv rnhhitq as 
-possible to take somf' h11.it.. a t erhn in11p ~-a~ dr vii,,rn 
to mPll Slll'fl the 11il!'htlv feedirnr !lr>ti,·ity of Pn~h 
incliviclnnl. Thr ~nnnt k1it w:1~ h1hrllrrl with ra rlio
iocli11e. whi<>h is 11hR01°hP<l into thr h]nnrl nnfl rn1H'f'U

trnte~ in the thvroid. Cantme of the rnhhiti,, r>nrh d11v, 
11ml Gri~er r ~11nter rrnnings of tl1e stnm11r>h 11~d 
thvi-oirl, ·rc>vr11lPd thA frerling l1istoi-v of e11 rh rnhhi t,, 
WirlP inrlividna 1 rlifforrn res werr fonn,l. nnrl thP fi1111 l 
proM(>m is to inrl11rr thP more t,iinicl nnrl le;,~ !lOC'inl 
rnhhits to take bait, Aven wbere tlrn fnrrow is well 
si terl. 

Drt11ils of poii,,oning terlrniqne ancl <>hoire of 
mate1·inls. nlrrfldv lnre-elv 11nd0rstood from tho ifold 
trials and pr11ctirnl expel'i<->nre of tl1e T n;,mn11ia11 
Dennrt ment of A,grirulturP, hn l'P hPrn rnnfi rmrcl bv the 
r.nclosme P.xperiments and b,y a field t rio.I wli ich accom• 
panied tl1rm. 

The broad conrl11~ion is tlrnt fnrrnw poisonin~, 
using com pound "1080 " , cn11 be 11 l1igh]y effertive 
method, and <>an nrhieve hiirh-rrrndr kill;, ::11 relatively 
1ow cost when it is clone with understanding. 

3. K ANOAl!OO Tz..TVESTlG.\TTONS. 

(Wildlife S1mrey Section.) 
The Wooch•tork Fielrl Statinn, si t1111 f-Pc1 brtwl'en P ort 

Hedlnnd nnd Mnl'hle Bar i~ 1101·th-wrgten1 An•trnlia 
lias now been iu operntio11 for n vcur. Woocli-tock i~ 
tyipical of the reition in which the bill ke.n~aroo or 



euro ( .M aero pus robustus) constitutes a serious prob
lem. Duri11g the first working season, a good deal of 
time bad to be spent 011 developing techniques for the 
study of euro biolog_y nnd behaviour, on an accurate 
knowledge of which an improved strategy of control 
must very largely depend. 

Euros are largel_y nocturnal in their habits; ai:id to 
facilitate the estimation of the numbers of the n111ma1s 
visiting watering places ( and the change in numbers 
following control measures, on wl1ich the assessment of 
the efficacy of these measures must depend) automatic 
counters have been devised and successfully tested. With 
a view to capturing animals unharmed for marking, 
release, and subsequent observation, experiments have 
been carried out with narcotics. Chloral hydrate, dis
solved ill water in drinking troughs, was found to be 
effertive and permitted tlie handling of animals without 
rl :ffi,,n lt.:v. Attempts to stock specially bnilt enclosures 
for· coutrolled poisoning trials . were not successful. 
Adult enros did not settle down and survive in cap
tivity. 

As the control of euros in practiee seems likely to 
depe11d on poisoning at watering places, a detailed 
study of the water relations of the an.imals on Wood
stock is being carried out. The main natural drinking 
places in the Woodstock area are watercourse soaks 
which the animals scratch out to reach the water-table, 
which may be some feet below the dry sand surface. 
The increase in the euros visiting stock waters is 
exuccted to be closely -0orrelatcd with the progressiYe 
drying up of the soaks as the season advances. 

Transect count methods for estimating population 
distribution and density are being tested. Monthly 
samples are. being examined to determine whetl1er there 
is a weH-marked breeding season. Observations on the 
rate of growth, on feeding habits, and on predation by 
wild dogs and wedge-tailed eagles are being carried out. 
Preparations are beinrr made for the study, dming tht.1 
ne~t d;y season, of the use of salt licks as a lrnsis for 
po1.oonmg. 

4. M:uTTON Bmn INV.ESTIGATJONS. 

(Wildlife Survey Seetion.) 
The joint investigations with the Tasmanian Fauno. 

Board of the Pconomic biology of the mutton bird, 
Puffeni1.s tenitirostris, comprised several periods of field 
work on the Bass Strait islands. In connexion with 
these, assistance in personnel was given by the Depart
ment of Zoology of the University of Tasmania, and 
the Australian Museum in Sydney. 

On Fisher Island the life history studies are pro
ceeding. Several of the birds banded five years ago 
as fledglings have returned to the island for the third 
successive year. These are still non-breeders, thus 
indicating a fairly long period of immaturity in the 
species. 

The "Lincoln Index" studies, designed to assess 
the effect of the industry on the mutton bird population, 
are being continued. To this end, 2,200 birds were 
banded on the commercial islands before the season 
opened. 

In collaboration with the Institute of Medieal and 
Veterinary Science in Adelaide, investigation was made 
of a strai'n of ornithosis (psittacosis) among Puffmus 
tenuirostris. The virus was isolated from nn ndult bird, 
and the infection was found to be common among both 
adults and fledglings. 

5. Ims I NVESTIGATIONS. 

(Wildlife Survey Section.) 
A survey througl1out northern New South Wales and 

southern Queensland e:ave evidence of a major move
ment of the straw-necked ibis, Threskiornis spinicollis. 
and the white ibis, T. molttcca, into eastern coastal 
regions durinJ? winter, and of a return to inland waters 
in early spring. 
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.At the time when grasshoppers were emerging m 
the :Macquarie Marsh regi<m, a study was made of 
the feeding relationship between the ibis and these 
insects. The straw-necked species was found to feed 
consistent.ly on all stages of grasshoppers, but where 
plague numbers are present the overall effect must be 
slight, and the. critical point is whether the ibis has 
an appreciable effect on much sparser numbers and 
so l1elp to prevent a population from building up. 

Aerial surveys proved to be a valualJ]e and economic 
method of reconnais.sance for ibis colonies. 

The essential relationship between the breeding of 
the ibises and the water level in the marshes was 
again demonstrated. Nesting in the Macquarie 
Marshes was very limited trntil after t,he great floods 
of late summer started to subside. Very populous 
colonies of both species were the.n formed, and the 
opnortunity was taken to band large numbers of 
fledglings. Some 2,600 young straw-necks and 177 
white ibises now earry C.S.I.R.O. bands, which should 
in time _yield information on dispersal and seasonal 
movements, future breeding places, length of life, and 
other facts. 

6. Bmn BANDINo. 

(Wildlife Survey Section.) 
In tbe first year of its operation, the national schem<! 

has enrolled 31 active handers, of whom e~ghteen are 
amateur ornithologists. The officer responsible for 
fauna protection in each State where they operate has 
co-operated by issuing the appropriate licences. 

Members of the Australian National Antarctic 
Research Expeditions on Heard and Macquarie Islands 
have lJanded 2.351 birds, and a further 3,625 have 
bren done in Australia. 

7. WILD Ducirs. 
(Wildlife Survey Section.) 

Studies of breeding biology were hnmpered by the 
almost c.omplete absenr•e of rhi"k breeding in the region 
under study-the Murrumbidgee Irrigation Area. 
For the same reason the results of the banding pro
gramme were disappointing, and in. future it will 
be necessary to be more mobile and to band ducks 
wlrnrever they happen to congregate, rather than to 
develop permanent banding sites. ·Extensive breeding 
did occur in northern New South Wales, following 
tbe F ebrnary :fioods, and a comparison of the condi
tions in the two areas wi.11 clarify some of the factors 
affecting breeding. 

Little or no damage was caused b_y ducks to the rice 
croos in the :Murrumbidgee Irrigation Area. It seems 
clear that ducks are unlikely to be a problem to 
irrigated rice, except when local conditions attract 
conce~trations of breeding birds, and the juveniles later 
experience a shortage of food as the swamps dry up. 

8. Quom STUDIES. 

(Wildlife Survey Section.) 
Two investigations of the quokka (Setonyx brachy

rus) are being carried out. A field population study 
has been undertaken with a view to gaining an under
standin~ of the natural factors governing the popula
tion of 11. type of native animal that is in need of 
conservation; while the digestion of the quokka is 
bei11g studied in the laboratory because of the interest 
attached to the resemblance between the process in this 
rnnr~u oial species and that in the sheep and otte:, 
rummants. l • 

The population study is located on Rottnest I sland, 
off Fremantle. Western Australia. Methods of catch• 
ing, marking, and sampling the animals have been 
developed; and to date 650 quokkns have been marked 
11.nd information hes been colleoted on their breeding 
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season, on the survival of pouch young, juveuiles, an<l 
adults, on the growth of young, on movements1 and 
on other aspects of behaviour. 

. A ?etter understanding of the physiology of diges
tion m Setonyx has been obtained by o. study of the 
rate of passage of food through the gut, the digestion 
of crude fibre, and the nitrogen balance. It w as 
found that the passage of food is very much faster 
than in rnminant, and that the amount of crude 
fibre digested is also greater. These :findings are of 
considerable interest as t hey show that the quokka is 
not so like the ruminants as was previously thought, 
and that it takes up a position intermediate between 
them and non-ruminant herbivores. No "inter
mediate " type has been investigated hitherto. 

XT. UNDERDEVELOPED R E GIONS. 
1. GENERAL. 

The normal processes of exploration and pioneer 
ocm pation have resulted in the rural settlement. of 
most accessible and easily developed parts of A us
tralia. Thc1 e a re, however, large portions of the 
continent nnd the territories which are underdernlope<l 
or only yery sparsely occupied, by reason of low ra in
fall, poor soils, sparse pastures, inadcqua te water, a11d 
great distances from centres of dense population . 

It. is . essen tial to 1mderstand the prnblems of !hese 
arens and where possible to solve them, so that either 
new developments can take plnce or the presen t le'."el 
of production can -bo protected from unwise 
exploitation. 

The development of northern Australia in particu
lar has been slow in comparison with that of t he 
southern and eastern States. The Organization's 
Lm1d R esearch and Regioual Survey Section conducts 
surveys of Australia's underdeveloped areas in order 
that their potential may be more accurately assessed. 

Whilst the work of the Land Research and R egional 
Survey Section is thus concerned with the sparsely 
populated aricl and semi-arid regions of the continent, 
much complementary work is carried out by other 
divisions of the Organization on the development of 
low-producing areas in the less isolated regions. T he 
Divisi011 of Biochemistry and General Nutrition i5 
investigat.ing problems of plant and animal nutrition 
on the Coonnlpyn Downs in South Australia (see 
Chapter III., Section 11), the Plimt and ,Soils L:tbora
tory is studying the wallum country in eastern Queens
land (see Chapter III., Section 22), and the D i,·ision 
of Soils is making soil surveys throughout the Com
monwealth (see Chapter II.). Allied work is a lso 
carried out by the Division of P l1111t Industry on plant 
and pasture ecology at Trangie, N ew South Wales, 
south-eastern Queensland, and elsewhere ( see Chapter 
III.) . 

Land Research and Regional S1irvey Section.-The 
Section has its headquarters at Canberra nnd field 
stations at Katherine, Northern Territory, I vanh oe 
(Kimberley, Western Australia), and Alice S prings, 
N orthen1 Territory. The Section is concerned wi th: 
( 1) the survey and mapping of large underdereloped 
regions and the primary assessment of land-use poten
tia l· (2) research into problems of agricultural and 
pastoral deYelopment in selected portions of those 
regions ; ( 3) climatological studies ; and ( 4) r esca rch 
into land-use problems of the arid and semi-arid zone 
of central Australia. 

In addition to these specific :fields of 1·csearch1 t he 
Section is closely associa ted by representation on tech
nical committees with experiments with rice-growing 
and other projects in the Northern Territory and 
with tropical pasture. work in Queensland. 

The O fficer-in-charge of the Section W8;S Anstrali~n 
delcrra te to the F.A.0. International Rice Comnus
sion'i's :Meeting and Working Party on Fertilizers held 
in Tokyo, Japan, in October, 1954 . 

During t.he year the Section's Director of F~eld 
S tations participated in a grasslands survey orgamzed 
bv the South Pacific Commission to investigate t he 
b~ef cat tle p'otcntial of the Comm ission 's t erritories. 

The Senior Survey Officel' spent seYen months in 
the equatorial, tropical highlands, and monsoonal zo~es 
of Afri ca. The primary objective was t.o study s01ls 
in relation to climate and land use with n view to 
obtaining i11formation that may be applicable to north
e rn Australia and Australian New Guinea. 

Two officers of the Papua-New Guinea survey unit 
paid a short visit to Dutch N ew Guinea to observe 
the app roach of the Dutch to some of their basic 
p roblems which arn essentially the same as those o{ 
.\ ustralian N ew Guinea. 

2. REGIONAL S unvEYS. 

(Land R esearch and R egional Survey Section.) 
The two regional sur vey units of the Section con

tinue to opera te, one on the mainland of Aust~alia 
and 011e in the Tenitories of Papua and New Gurnea. 
T l1e first unit h as been iu operation in Northern Aus
tralia since 1946 and has completed surveys of t he 
followillg areas : K a therine-Darwin (27,000 sq no.re 
m iles) , Barkly (120,000 square miles), Townsville
Bowen (6,000 square miles) , Ord-Victoria {70,000 
square miles), and Leichhardt-Gilbert (110,000 square 
miles). The N ew Guinea unit was established iu 
1 9:i;J a11d lrns completed surveys of the Buna-Kokoda 
area (2,500 square miles) and the Wauigela-Cape 
V ogel a rea ( 600 squnre miles). 

The main function of each tmit is to classify aud 
map the lands according to surface characteristics 
of importance in the determination of land-use poten
tial. The ~cco11cl is to make the best possible assess
ment of the possibilit ies of land use, together with 
the estimates of areas of each type of country mapped. 
T he surreys proYide a basis of facts necessary for the 
fol'l11 ulatiou of policies concerning land development 
or conser,ation. 

( a.) A 11stralian .Mainland S1irvey Uni t.-(i) Leich
h ardl,-G ilbert A rea.- Again this year the survey t eam 
has been concerned mainly in th.is area, for which 
the field work was completed in 1954. During that 
field season close collaboration was maintained with 
a member of the Bureau of Agricultural Economics. 
T he final interpretation of the aerial photographs of 
t he area has been completed and maps and reports are 
being p re pared. 

The area consists of six main types of eountry-
Th.e Western hilly area of metamorphic rocks of 

t he Carpentaria complex. This is almost use
less for grazing purposes, bnt is an important 
m h1ing area. The Cloncurry, Mount I sa, and 
Mount Oxide mining areas are among the best 
known. Since uranium became an important 
mineral, there has been a period of intense pros
pecting activity aud several areas are now being 
tested. 

A broad belt of heavy soil colllltry extending 
from t he Gulf of Carpent aria to almost the 
foll width of the southern part of the area. 
T his belt _carries ~reeless l rlitche11 grass pas
tures and 1s ext ensively used for grazing. The 
sonthern pnrt is mainly used in sh eep g razing ; 
th e nor thern, cattle g razing. 

.\. nortl1_-sonth belt of flat " sa n ely forest country " 
carryrng mostly 1ow paperbarks and poor 
grasses. It is mostly unoccupied e.nd unused. 
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A. belt of steeply dissected sandstone country of 
little or no use for grazing, but on which thera 
bas been somo mining activity. 

The eastern highlands couu try in which pnl~eo
zoic l'Ocks of the Ethcri<lgc and Broken ~1~er 
Groups are important. Except for tho h illier 
parts grazing is important and a number of 
wincral :fiel<ls haYe been worked. 

The basalt countl'y of the eastern highlancls, which 
is nn import ant pastoral a rcn. . 

(ii ) C:eul'!Ji11a Poison 1lrea.- At the co11cl us1011 of 
the field wol'k in the Leichhardt-Gilbert a rea several 
members of the team visited the Georgina Poison Area 
where 1hcy collaborated with. the Ani1!1~l Jn~usti:y 
Hrui1 ch of tl1e Nor thern Tern tory Admu11strat1011 m 
preliminary s11ney work and feeding tri~ls. The 
fcecl i1t" trials further substantiated field evidence of 

0 • • .. 

ma rkcd differences in toxicity of Acacia georginae m 
different areas. Fn rtl1c1· survey work is to be under• 
taken in September-October, 1 !)55. . 

(iii) Kiny Bdwrml-Dr.lJsclale Area.-Durmg Sep
tember t,,·o members of tho team nnd an officer of tbe 
Bureat; of Agrienltnr:il Economics ,·~sited this area 
(pi·rviously rcfet'l'cd to 11~ Nor th K1mberleY: A r~n) 
to make a hotnnical, soil, and land c1nssrficnhon 
as~esstn!!nt. }f nps and reports of tl1i~ work nre now 
being prepared. . . . 

In .\pril nnd }fay, 1955, a botamcnl_ collectmg trip 
wns mnrlc to this area at the conclusion of the wet 
~t>llSOll. . 

The b'.'st country, which is of only moderate grazm.g 
potentin l, eoni-ic:ts of a north-south belt of Yol~nmc 
country mainly 11 long tl1e Carson and Drysdale Rivers. 
The rcm;i inde1· of the area is largely of poornr snn~
~tnne country. 'Mapping from nerial pbotograp?s IS 

lwin~ cxtrnrlc<l fnrtlter wci:t ~o cover the ~lramage 
ba~iH" of the ('l1ar11lcy and Prmcc Reiz~nt R;nrers. 

( b) Pa,..1,n-Nrw r:11inrn Sm·vey lln1t.- (1) B1111a
Kokorln Area.- Thc prcpnrntion of the general a1~d 
spec in \i!;t reports is procecclil1g nnd final . maps will 
be p1·eparcd in the llE'ar future .. The. National. Mo.p
pin~ Office, Department of Interior, 1s preparing an 
aC'rnrntc hasr map by the slotted temr~let_ i:nethotl, but 
tlw \l'ork i;; diA'h•nlt owi11g to t]1e vannb1hty of scale 
anrl tl1c pnor <1nnlit~· of the nenal photog~aphs. 

( ii ) ll'a11i1rlo-Cope Vogel Arca.-Th1s area ?f 
anpi·m iiT>ntely 1 ,GOO square miles was sur,~yed rn 
1 !15-k Bera11sc of the complexity of the ram-forest 
i·ra<'tntion. a forest hotnnist wns add.ed to tl!e tAtlm of 
work in nssoriation with the systemnt1c bot11n1st nnd the 
erologi!'t. The Government Geologist, Por_t Moresby, 
nrro~pnni<'d the> nnit in tl1e fil'ld and enrr1ed out tbe 
~<'olo!!'irnl nnd geomorphological pnrts of the survey 
prov:rnmme. 

TrnYorscs we1·c made by foot patrols. Transpo1:ta
tion of !>npp\ies, mail, &c., were facili~ated by ele!l.rmg 
of thr ni1·strip at the main base, Wamgela, and by !he 
use nf n work-bont for trnnsport along the extensive 
constl inc. . f 

The tt1'<'a can he divided )nto t~rec maJor tyfcs o 
c>nunt1·.v: 1rnmcl;v, the ,·oleamc reg1011 of Cape Nelson, 
i11cln,li11[! Mount Victory and 'M?unt Trafa.lgar; the 
grmtly ,loping forl'stcd flood-plams e.xtendmg from 
the foot nf the ecntrLll ranges: the low h.1lly Cnpe Vogel 
n1·c>n. with cxtensi\'e areas of nnthrop1c savnnnah on 
skeletal i:oils ornr Tertiary sedim.ents. 

ThNe appear to he goo? 11g~·1cnlturnl prospe7ts_ on 
l imi1·ccl .~1·c11s of Mount V1ctor1n volcnnn an? huutecl 
po,~iliilitir~, due to ston iness nnd poor drnmage, on 
tlie p:-;tpnci,·r flood-plains. Some of the grasslands 
in Cape Vogel 011 tl1<>_ foothills o! Mount Trafal~ar 
mnv hn,·<' rnme 1)0tent1al for ~t·azmg. The extensive 
tall fol'C'~I~ 011 1'lrn plains and on Monnt Virtory 
nnprm· tfl h(n"e for r~t1·y pot<'ntinlities, bnt specializ~d 
forr~ try in,·r~t.igatinn~ will hf' ,1ecessary t.o prove thE>11· 
worth." 

a . .AaRIOULTUR.AL Ri::S&AUCR l.N NORTH AusntALIA.. 

(Land Research and Regional Survey Section.) 
(a) Katherine Ilescarch 8lulio11. - (i) Crops.-:

W ea thcr during the pn st season. has 1iec11 ~cry sa tis
factory for p lant growth. ,y1u!e t~tal ramfnll was 
011ly slightly a born average, d1stnbut10n w~~ ex:cl.l0:nt, 
and at no time was w:iter shortage a maJor hm1t1ng 
factor in plant .,.rowth. Humidity remained genrrally 
high and cxc:ssfre tcmper:1t11r~s did no~ occur. 
Harvests ha Ye been n111d1 more llll 1 form than m recent 
years, and have attai11c<l high lcrels (sorghum 3,_;>00 
lb./acre, peanuts 2,000 lb./ ac:e). W1<le flm•tuat1ons 
in the yields of .cotto11 ind~ca le thnt ~ome fact 0 1: not 
yet appreciated 1s t·hc 1J1aJor df'Lern11na11t of yields. 
Guar ( Cyrtmo psis lel'.·r1r1ono_ln~11 ) gt~ rn excellent vege· 
tative growtl1, but d1sappomtmg yicld~. .Su11flowers 
developed well in earl,v stages, but ternutes caused 
damage and a poor yield resulted. 

(ii) Fertili-.:e1's.- Sor·f!hnm and pt'anuts rei'pon~e<l 
to rock phospl1nte, but the responsr was only a frartion 
of that obtained with strpcrpbn!-pl111 te. Current sor
ghum experiments show marked re~idun l effects with 
botl1 rock pl1osphate an1{ supcrphosplrnte. . . 

(iii) Soil J.loisl11rc Sl1ulies.-Thc ,·cry rapid 1lrymg 
out of expo!'co surface i:oils l1a_s brcn con~rmc<l.. The 
heaviest r ains normally expenPnrPcl (2 mehcs m 24 
homs) wet bare uncnltivnted ~oil to a <lrpth nf only 
a few inches and tl1is wettt'cl lnycr qnirkl;v dries out. 
I n an area of bare l1111cl, mr1i.,tur(' contc>nt 1,rlow 12 
inrhes hns sl1own l ittle ch:mge sinre the lac:t dry 
season. in marked ronl rast t~ an a,I jarPt1t '!rns;,e<l 
ar('R ,~here rninfnll hn• prnc•tratrrl to II con~i<lrrahle 
depth nnd wbrre tlie nmo11n t of qtorrd w11tPr l1~s 
incren.oed grrntly tl1ro111rl1011t tl,r spni,on. Onl,v m 
periods of persistent rninfall. wl1rn tht> snrfarr> soil 
is f rcquPntly rewf'tte<l. do sprr]s lia"c 1m nnnnrtnnitY 
to r;,tnhlislt tlirm,•Ph"es in .•nrh 111·rns. f'nlt il'ntion 
facilitates tho drrp p<'nPt1·ntion of 't\'nter be.vond the 
1·enrl1 of the snrfnre rffcrts. 

Attempts t o establish timnll i:Pedq with the> iiiil of 
"nunc rron!!" Wf'TP a romplrtc fnilnr<'. ~PPrl !!Pr

minntrd rrnrlilv. h11t all f:('P(lin rrn illll'Pllmhpd. P\"1'111 whf'n 
seerll irn:rl' with ~11t tl1r l)Pl1 r>fi t of 11111·!'<' rrnpq 011 r 1· iYC"<l. 

( iv) C11lfivnfin11 nwl Tillnqr Prnrlirr.~.-Th<'•I' lrn,P 
gfren nn '\'Pry markE><l 1•rqpcmc:p<:: in thi« alrrioc:t itlrnl 
year. We.tor ron;,prvat ion thron!!l1 lrn•in li•tin!! hns 
again !?iven nel!Atiye res11 lts. C1•op rotation 1-rrp1rnr<'~ 
have given striking rr~11lt•. Cotton. sorghum, and 
pen1rnts a11 do m11rl1 hrtt<'r whe11 fnll nwin!? a ~aout 
crop thnn when following <>iln<'r of thr other!'. 

(v) Pe.~fs nnd 1)i.~1?n-~rs.-1'11f'1•p lrnve hN•n no ,qrriom 
pests or nisen~('R. Tii.i-do Arf' Ahvn:v~ a mrnnc>e to ripPn
init sor i:rhum, bnt ran be kPnt nt hny hy g11n rntrols. 

(vi) ]\Ta five Po.~ti•rl'8,-Yielil~ nnvf' n('(>n hPttPr th.nn 
in r,aRt seasons. hnt the i:rr:t"~Ps T11llt11rrrl and d1•1p~ 
off long bPfore the rnins rrn~P,l. Th Ptnl'dn i9 /!l"R7.Pd 
far mnre heavily th11 n 11nv 0tl1Pr sprc>i<'". Rtools of 
perenni11l grns.•PS from whirh the protPPtincr mnntlr 
of clrv material is brnkPn nwav !In fl" tn l!i'l"P rrnrl.v 
acrr!'s to VOlll1!? v:reen i:l,ooto. 11re oftPn l!J·n1Prl to 
extinrtion. · with the formntion of a hare patrh of 
~ronncl. · 

(vii) Snwn Pasf11rrs.-Yi<'1rlc; of introdnrf'rl nashnc 
/!l'RSses ha\"e in .l!enernl l)rcn good, ex,..eeding h:v 
sevcra l fol,l thn t of tl1e nntivc pnstnrr. In spnrin~ 
trials, some speries 11!1,rc sl1own no te11drmy to -fi ll 
in , wl,ilst oth"J'il hnv<' tPn<lf'd to form ~warns. As 
swarrls 1?;ener1111.v lrnve l°',er production. the tendcnry 
to £11 in could he detrimPntal. 

(b) Kimberley Rr8rarrh Stnfion. - (i) Crop.~. -
811,rf/1'1' rnne.-C1·01lll eontinne to ~how improvPmPnt as 
kn ow ledge of m111rn ~('me11t i11l'J'f'll. opq, F.:..T'Pl'imPnts 
on time of plantin!? indiPat<' thnt nl:111tin,i in the 
cooler mo11ths of 'Plfav. JnnP. anrl J11lv is desirable 
rather than ia tbe hotter, lnter l!lOnths, for early 
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planted cane-tillers well before jointing commences. 
Tiley ure sPYcrul i11stu11ces whcrn over 100 tons of 
euue JJlJI' acre ha re licell ren ped ewer u three-year 
period. ~ugar conteut, especially of the canes harvested 
later, rcuH1111.; gt)vd, with un a1erage cowrue1·cial cune
sugar content uf Ut'OL111d l{ per ce11t. 

lt.il'e.-Culttl'ut10J1 lws licL'll expauded so that about 
:W acres are now under rice, with sorne bulk plots 
gro\\'11 on a se1Ui-co1Huwrcial sc1de. Harvests arc very 
e11couraging. .Mcuu yields of up to li tons paddy 
per acre 1.iurc bccu recordt::d in r e1Jlicated variety trials. 
Work so fol' has l.Jce11 cu11ce1J trnte<l on varieties suitable 
for groll'ing i11 the suwu1er period, lrn_t parallel i~v?sti
gat1ons are uow in progrc.:;s t.o determ111e the poss1b1hty 
of growing rice i11 the cooler, dry seasou. 

,:iaf]towcr.-Yiclds of up to 1,;;uo lb./acre were 
obtained frow bulk plautiugs, but the crops were not 
al together sa tisfactury. 

Ullt e,· Grops.-\Vlicat did not do as well on con
tinuo11sly cropped lall(J us on a fallowed area in the 
JH'crious sea:;u11. U1:t.s $hO\\'eJ v romisc on the. levee, 
and Loth oats a11<l barley iu·c currently being grown 
on the clay soil. Suufiowcrs ga vc a low yield, mainly 
resnltiug from a low perceutage of seed-setting. 
Attempts to establish ramie from seed were not 
successful. 

(ii) b'erlilizcrs.-Sugar cane responds to dressings 
of -! cwt. eacl1 of a1mnonium sulphate and superphos
phate, an<l currcut cxperiruents are desigueJ to measure 
response:; to still higher leYels. IEce shows only a 
small respon$e to either um111onium sulphate or to 
superpbosphate applied si11gly on virgin luud, but 
responds markedly when they are combined. On land 
which had carried rice iu the previous year, phosphate 
alone showed a good rcspo1mi, which is in accordance 
wi1h soi.I tests in<l icatiug that the previous crop bad 
improved the nitrogen status of the soil. 

(iii) ln·igal,ion .-Ricc rettuirc<l from 3:} nm·e feet 
of applied water for Uic early maturing varieties to 
twiee th i.:; amouut for Inter varieties. 

(iv) JJiseases.-All majo1· crops remained substan
tially free from <liseases. Tobacco was affected by a 
virus diseases uot hitherto recorJed in Australia
tobaceo luaf ctu·l. This virus has now spread to 
tomatoes. 

(v) Pesls.-Rice stem borers which did m11ch 
damage to 1.J1c 105;3-fJ± rice crop re-appeared iu the 
cunout season, but frequent dusting with BRO has 
gi,·en subslauti:t! but by no means complete control. 
This pest still re111ni11s n rnajor lwza rd to rice-growing. 

( ,·i) Pas/ 11,res.-Thc beneficial effect of Cliloria 
ler11ateo on a~socintctl ~rnsscs has again been apparent. 
Where Cliloria has been orergrazed, it is not standing 
up to corn petition with the le~s pnlatnbl_e, gr_asses such 
as .tlndropogun ga!}a1t1ls and Cenchrus cilrnris. ·where 
ovcr-,vn1zing is rt \'oidcrl, ()l-i/oria. lcrnatca continues 
well ~vit l1 these ~rasscs. A pu1·e stand of Clitoria 
ternalca has persisted and yields hay at the rate of 
I ton of dry matter per acre per year, and also provides 
a few months of intermil.tcut grazing. 

4. Cu::uATOLOGY. 

(Land Rcscard1 and Ilcgio1rnl Survey Section.) 

Durin!l; the year the cliu1atology unit has continued 
to provide _geuor::d clinrn,tic inforrnation to other units 
of the Section, mid to pursue a spr:cialist research 
pro/'.!ramme in soil-plant-atmosphere \rater relations. 

The reports ou l'.iie clinrnt.es of the Buua-Kokoda and 
Leichha1·dt-Gilhert areas have been enlarged by the 
inclnsion of further information aml are now complete, 
awaiting- inclnsio11 i.n the p;cuernl report on the areas. 
A further report has bceu comr,iled on the climate 
of the Kin_g Edwnnl-Drysdale :1rea to aceompany the 
gc11crnl report 011 the r ecently completed sunre;y of thi, 
region. 

At Kimberley Re.search Station an experiment with 
~rops of cotton, sunflowers, and grain sorghum ha::1 
JU~t b~en completed. This exper101eut bad the pr iucipul 
obJect1 ve of assessing the inJ:1 uence of atmospheric 
and soil moisture couditions on the growth and develop
ment of the crops under study au<l on their rates of 
water ~se. _Two soil moisture treatweuts were imposed, 
one of wlnch comprised natural rainfall alone, and 
the other frequent irrigations so that little soil moisture 
stress existed at any tmrn. Uuly two periods ot <lry 
weather of any severity occurred during the season, but 
the t?·owth of the plants in the irrigated part of tho 
expe_n_ment was con~i~crably faster than i11 the part 
r ece1vmg natural rnrnfall alone. Other measureruents 
taken . inc_luded those of leaf turgor and evapo
tronspu-ation. 

An exploratory experiment at Alice Springs was 
commenced during the year to determine the balance 
between water intake and water loss iu au area of 
natural mulga woodland on the Jfort Plain, jnst north 
of Alice Springs. 

A comprehensive experiment on an area of natural 
vegetation at Kimberley Hesearch Station has bee11 
commcucecl with the objecuve of dcte1:wi11ing the 
water balance of Lhe area, and the rates of war.er use, 
growth and production of the plant community and it,i 
individual species. The experiment may extend for 
more than one season and it is Loped that a complete 
water balance will be achieved from the opeuing rains 
or the season through until the onset of the dry season 
drought. 

Observations on water losses from fallow soils <luring 
the dry season were continued at both Katherine and 
Kimberley Hesearch Stations in collaboration with 
officers at these centres. Although the data are still 
being studied, preliminary indications are that so 
much more water is lost from soils which remained 
fallow during the previous wet season than from soils 
which were dried to approximately the permanent 
wilting percentage by ci-ops, that little purpose is 
served by fallowing as a water conservation measu1·e 
from se.ason to season. 

5 . .A.nm ZoNE REsE.AncH. 

(Land Research and Regional Survey Section.) 
Investigation of the plant ecology of Central Aus

tralia has continued over a wide area. Some 15,000 
miles of traverses were made to oover two-thirds of the 
pastoral areas. This initial work is of necessity on 11 

broad scale. It will permit the de.fi11itio11 and descrip
tion oft.he major plant cowrnunitios within the next few 
months. Vegetation boundaries were marked off on 
trp.verses. This information will facilitate the future 
detailed mapping of vegetation. The relationships of 
these communities to soil type, t.opography, mid 
drainage conditions hnYe been partly defined. 

Extensive collections of plants were made and dm·ino
visits to various hcrbaria the identifications of nearly 
200 plants were completed. This is in addition to 
300 identifications made locally . 

Soil moisture studies were commenced in co-opera
tion with n Climatology unit in n mnlga woodland 
community by means of the gypsum block technique. 
Th~ progress of penctr~tion of r a infall and subseqnent 
drymg of ~he soil, winch occurs ?VOi' relatively shol't, 
defined per10cls of the year followmg rains, is recorded 
in conjunction with recordings of rn.infall. Dctermiua
~im:s of soil :field capacity ~nd wilt[ng percentage 
md1cated a small raJJge of available rno1stnre, but it is 
apparent _f1:om results to ?ate that certain nati,·o irrasses 
are surv1Vlllll,' when soil water tension exrc·eds the 
gc11crally accepter! limit of nvnilablc rnoistlll'e, 

It is hoped that. t_he results will proYide information 
on. season , pro_ductt?n of vegetation in relation to 
ramfall and soil moisture. 



xn. FISHERIES. 

1. GENEliAL. 

The ncquatic resources of Austrnlia, including 
whales the more iro portant commercial fish, crustacea, 
and sl;ellfish, require study to ensure their economic 
use and where necessary, their management to prevent 
depletio'n of stocks. F ~mdamental to this. study is ~n 
examination of the environment to asccrt.am t.l1e varia
tions in oceanographic a nd estuarine r.011ditions which 
affect organic productivity 11ud are to a large extent 
rnsponsilile for fluctuations in fish occurrences. 
Through its Di vision of Fisheries the Or.~anization 
provides facilities for these studies. 

Division of Pisher-ies.-Thc first Cl1ief of the 
Division, D-r. H. Thompson, retired in December, 1954, 
after alnw,;t Pighteen years of valuable service in that 
position, a11il he has not yet been replaced. Con
sequently 110 new major projects or 1·co1·g-anizatio11 
were malcrb1keu during the yenr. 

An in,pol'tant fcatur0 of the work of the Division 
as a whole was the closer integration of studies on 
import:mt anirria I populations and on t,hr•ir environ
ments. [n applied research special attention was given 
to the whale, crayfish, a11d pearlshell :fisheries, w~ich in 
1953-54 yielded Austral in the record ex,port mcome 
from marine products of £4,600,000. 

The vessels and crews maintained a high standard of 
perforniaHcc. .A wide range of work is now regularly 
carried out in ocean waters hundreds of miles offshore. 
There is still, however, a rnr,y pressing need for a 
vessel lar1;e eno11gh to use the trawl, to take more 
scientists 'lo sen at a time, and to provide facilities for 
the proeessing of material at sea. 

Three oJlicers were ovm·seas: one was invited to a 
meeting in Rome to advise upon a u.N.E.S.C.O. 
,\.dvisory Committee on ]Sarine Sciences, to which 
he \\'as .,;uuscquently appointed; olle attended the 
United Nations Inter11ational Teclmical Conference on 
the Conservation of the Livi11g Hesomces of the Sea at 
Rome as scientific adviser to the Australian delegation; 
and one employed part of his leave in au investigation 
of the microbiology of New Zealand hot springs. 
Officers also attended the conference of the Pan Indian 
Ocean Science Association at Perth. 

Visitors from overseas included fisheries workers 
from India and the South l'acific Commission. 

The foundations of a ·pro~rammc of more intensive 
research on ship fouling- were laid with the assistance 
of the Royal Australian Navy. 

The Division is again indebted in rnrious ways to 
the Universities, especially Sydney, Qneenslancl, and 
Western Australia; to all .State Departments of 
Fisheries the Commonwealth l<'isheries Office, and the 
Tasmani~n Salmon and Freshwater Commission; to 
the .Australian :Museum, Sydney; and to other Divi
sions of O.S.I.R.O., especially Electrotechnology, Food 
Preservation and Transport, Entomology, and Mathe
matical Statistics. The valuable assistance of the 
Australian Whaling Commission and the four private 
whaling companies in arranging co-operation and 
accommodation, and of Messrs . .Hurldart Parker Co. 
in collecting seawater samples, likewise merit special 
note. 

2. 0PEI!A'£IONs 0 1, REsEAUCH VEssEL1;. 

(Division of Fisheries.) 
(a) Ji'.V .B. · De1·went lfnnler.-Six cruises were 

made from the home port of Hobart. Cruises 11, 12, 
14, and 15 were quarterly fishing nruises,•each of about 
two weeks, in east Tasmanian waters. Cruise 13, from 
13th October to 23rd December, was an oceanogra,phical 
survey of Bass Strait and the south-west Tasman Sea 
(between S. lnt. 34° and 43° and E. long 148°and 
156°). On Cruise 16, from 6th April to 31st May, 
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similar ocem1ographic work wns done in Bass Strait 
an<l in the Tasman Sea (between S. lat. 3'7° and 43° 
and E . Jong. 148° and 152°). 

(b) Jt'.R.V. Gahleru.-Twelrn cruises, each of from 
one to six weeks, were ma<le from the home port of 
Thursday I sland. One was to Groote Eylandt and the 
Crocodile Group, N orthcrn Territory, and the others 
were in Torres Strait, all cruises being concerned with 
pearl shell investigations. 

3. F1sITEnms B1-0LOGY. 
(Division of Fisheries.) 

(a) Whales.-During the whaling season (June to 
October) of 1954, all five .Australian whaling stations 
wern visited in order to collect further data upon 
reproclnct iun, growth, and general conditions of the 
two stocks ( western aml eastern Australia) of hump
back whales. 

At the close of the season an annual report was 
prnpared for submission to the International Whaling 
Commission. ]twas shown that. on the Western .A.us
trniian coast the n<lvcrse tremls alpparent in the 1953 
season continued during 191i4. The per.centage of 
females in the catch increased, the mean lengths of both 
sexes continued to fall, the length frequency distribu
tion moYed towar<ls the lower length ranges, and the 
percentages of immatme whales continued to rise. 
1-or the east.ern coast the corresponding analyses did 
not indicate any significant decline in the stock over 
the past three years. In Antarctic area IV. (70° E.-
1300 E.), where Western Australian humpbacks go 
in summer, there has been a decline closely similar to 
that found in Western Australian catches over the same 
period. 

The aunual quota of humpback whales from the 
Western Australian -coast has accol'dingly been reduced 
by the Commonwealth Fisheries Office from 1,320 to 
1,120, to presen•e the stock. 

An extensive range of biometrical material from 
h11111pback whales of western and eastern coasts of 
Austl'a]ia is being analysed. Significant differences 
between western and eastern groups have been found. 

Inrnstigations continued on puberty, sexual maturity, 
physical maturity, and relative growth rate of the 
female humpback, and further work is being <lone upon 
reproduction in the female. More small embryos were 
obtained. 

Sixty whales were marked in eastern Australia and 
25 in ,vcstem Austra.lia. One mark was recovered 
shortly after firing. 

(b) Sea Fish.- (i) Barra.cattla (Thyrsites atun).
The c01mnercial catch of 4,300,000 lb. (beheaded and 
cleaned) in 1953-54 was the. lowest since 1941-42. 
The adverse conditions of the previous three years 
recurred in Bass Strait, and on the east coast of Tas
mania, where fishing had been good in most recent 
years, the sit.uation was even worse. 

As in former years, the scarcity of barrncouta in 
Bass Strait was much rnore marked in some areas and 
months than in others; for instance, it was most 
eviden t in autumn and scarcely noticeable in spring. 
Si11ee all Bass Strait barracouta appear tc, belong to 
the same population the dist1.1rbing condition is prob
abl:i• unusual behaviour, rather than small size, of this 
population. Plankton surveys in the autumn of 1954 
and 1055 revealed good quantities of the euphausian 
Nyctiphrmes aiistralis, the main food of barracouta at 
that seaso11, in Bass Strait, but concentrated iu offshore 
areas. It seems like.ly that most of the fish were in 
these areas and therefore unavailable to the coastal 
fishermen. 

( ii) .L!ustmlian Salmon (Arripis trutta) a11d Ruff 
(Jl. geogianus).-Australian salmon was the most 
important species in the Australian fish catch in 
1953~54, with a record yield of 11,400,000 lb. A. 
_qeo,q,ianus. 
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Dnta co_llected on ~ize d1stnbution and migratory and 
reproductive behaviour strengthened the previously 
fon~ulated hpothesis that the salmon of W1istern Aus
tro.ha, South Australia western Victoria and westeru 
'T . ' ' nsmnma,. are of the one stock, this stock having a 
marked _migratory behaviour. The Western A.ustrnlinn 
fishery 1s concentrated upon the larger size-Kroups, the 
South Australian fisher,y on the smaller. 

Further study has supported the Yiew that spawning 
of the \Vestern subspecies takes place only in Western 
Australia. South Australian males showed sperma
tozoan development during the autumn of 1955, but 
sampled females showed no developing ovaries. Recent 
results from tagging experiments suggest n large-scale 
migration from South Australia to Western Australia, 
to spawn there. Of the 4,000 tagged salmon released 
u•p to date in South Australia 320 recoveries have been 
obtained from South Australian waters and eighteen 
from ·western Australian waters. 

Further work ou the ruff in South Australia and 
Western Australia has eonfirmed the view that the 
general behaviour pattern of t,his species is similar to 
that of the western subspecies of salmon. The smaller 
size-groups occur in South Australia, where only one 
female showing ovarian development has been recorded. 
A further eight movements of tagged fish from South 
Australia to ·western Australia, making seventeen in 
all, were noted. 

(iii) 1'rawl .F'ish.-An examination of the present 
condition of the New South Wales trawl :fishery 
indicates tlint the over.fished New South Wales stock 
of tiger f:lathea<l (Neoplatycephalu.s macrodon) remains 
at a low level and would probably reach even lower 
levels if fishing intensity remained as high as in 
1953-54. There is st.ill every reason to expect that if 
fishing effort were reduced to u J)'proxima.tcl:y 3,500 
trawler tons an improvement in catch per unit effort 
and total catch would result. 

)Vith th.e recent cessation of operations of one of 
the two steam tr:n\'ler companies and the shipwreck of 
two steam trawlers, some reduction in fi shing effort, 
from 5,184 to about 4,564 trawler tons (estimate), did 
O('Clll' in 19G4-55. The latter figure is still much in 
excess of the suggested optimum fishing effort of 3,500 
trawler tons. 

A full market sampling progrnmrne has been con
tinued throughout the year, with particular attention 
given to morwong (lVemculactylus mac1'0pler·us) o.ncl 
nnnnygai (Trachichthodes affinis )". 

An officer was stationeJ nt Lakes Entrance, Victoria, 
in December, 1954, to make a twelve months' stud,y of 
the Danish seine fishery of that region. It is necessary, 
for the mai1agement of this .fishery, to know whether 
the tiger flathead of this region is of the same popula
tiou as that in New South Wales. 

(iv) Demersal Fish of the Continental Slope.-Field 
work- has been continued at intervals throughout the 
past year off the east coast of Tasmania.. Fishing 
experiments have aimed at testing hypotheses conce.rn
ing seasonal cha.nges in bathymetric distribution, feed
ing, spawning, and general availability of the important 
teleost species: Hyperoglyphe porosa ( deep sea 
trevally), Genyptenis blacodes (ling), and 1ti1ora sp. 
( deep sea cod). 

The new method of dropliniug, which was introduced 
in June, 1054, has proved a most efficient means of 
obtaining; trernll,Y in quantities exceeding an_y recorded 
previously. However, this technique is good only for 
trcvally, so that 1onglin ing has been continued in order 
to obtain data on the ling and cod. 

Results obtained over the past year employing both 
techniques have served to confirm, at least in part, the 
current hypotheses. The main concentration of 
trevally, ~hich during whiter is close to the 3"00-
fathom contour, gradually moves up the slope until it 

reuches its shallowest limit in summer at about 230 
fathoms. No such change has been observed for ling 
and cod. 

The spawning seasons for both trevally (summer) 
and c_od (winter) have been established. Evidence of 
spawning or indication of its season is lacking, as yet, 
for the ling. 

(v) 1'una.- The 1954-55 season for southern bluefin 
tuna ('l'hu,nm1s lhy1~mis rnaccoyi) in New South Wales 
onened very promisingly. However, because of falling 
prices overseas and lack of freezer space, catch quotas 
were enforced and only about 550 tons were taken. 

From J unc to cai-ly September, 1U54, a reconnais
s}rnce of the entire east coast of Queensland was made 
by t.wo tuna vessels Ly arranp;ement with the Com
momvealth Fisheries Office. Observers from the 
Division were a boa.rd. Tuna and bait fish were scarce 
withiu Great Barrier Reef waters. ,but outside the 
Reef, especially in the Swains and Frederick Reef 
areas, pr0m.ising results were ~ained by trolling. The 
principal tuna ~pecies caught were dog-tooth tuna 
(Gyrnnosarda nucla) and yellow-fin tuna (Neothunmis 
macroplerus). 

In May, 1055, a tuna longline was used once with 
moderate success from the F.R.V. Derwent Hnnter off 
tlic cast coast of Tasmania. Poor weather conditi011s 
a1Jcl several weaknesses in the construction of the line 
pnivented extensive testing. Large fish to 200 lb., 
seldom seen in the coastal troll fishery, were tnken. 

(vi) S chool Sharl.: (Galeorhinus australis) and 
G111mmy Sharlc (Emissola antarctica).-The investiga
tion of ;;c.hool shark has practically ceased, the main 
i11terest being centred in the tag returns still being 
received from widely separated :fishing localities. All 
ha rn confirmed the previously expressed theories on 
migration mid rate of growth. In all, 6,273 .school 
sharks haYe been tagged and 300 recovered. 

An attempt is being made to analyse the catch 
slatistics of the ~chool shark fishery. :Further advic~ 
J,as been tendered to State and Commonwealth Fi:!her
ie.~ Departments regarding conservation measures. 

Further ta.gging of gummy shark brought the total 
munber tagged to 562', of which ten have been 
recaptured. 

(c) E st11a.rine Ji'ish.-(i) Lal,;e 1\,lacq-ua,rie Invesli
[taiions.-Thc stndy of the mixed estuarine fishery of 
Lake Macquarie, New South "'\Vales, was continued, 
rnd a study of the bottom fauna begun. 

Twelve months' full-scale tagging was completed iu 
May, 1955: 16,727 fish of all species were tagged. 

The proportion of tags returned ,by anglers suggests 
t.ha t they take sigvificantly great numbers of fish from 
the. lake. Certain species, e.g., flat-tailed mullet, move 
around tlrn lake continually. Other :fish, such as 
lratherjaekets, r emain in one vicinity for prolonged 
periods until their spawning migration takes place. 
Other species, e.g., bream and squire, show an inter
mediate type of behaviour. Yellow-fumed leather
jackets a])(] sea mullet make large-scale movements 
from the lake. 

1Commercial net fish are abundant. Ground fish such 
as flathead and whiting are relatively scarce, probably 
because of shortages of suitable food. There is some 
indication that black bream are over:fi.shed. 

(ii) Western LL 1rntrnlian I nvest·i'.gations.-Tbe data 
on the biology and catch statistics of yellow-eye mullet 
(Aldri9hetta forsteri) _are at a~ advanced stage of 
ana lys1s. The populat10n level 1s extremely variable 
?s !\ resul~ of variabl~ sur!ival o~ eggs and fry. Ther~ 
15 ,b1ornetnc and p~ys1~log1cal evidence that the yellow
e~e. mullet of V1ctor1a a11d Tasmania are ra.cially 
chstmct from those of Western Australia. 

A sJudy of the times of spawning, size at first 
breeedmg, aud food preferences of the commercial 
estuarine fishes of Western Australia has eommenccd. 



(iii) Sett Mullcl ( lllugil ceplmlus).-A study of tho 
mo1·eml'nts of mullet ,l"ithin an estuarine system shows 
that the mullet school persist.s as an entity, alt.hough 
some emigration from (and presumably immigration 
to) tlrn school takes place. Considerable range in 
behaviour is displayed by in dividual schools. Ev.i
dence suggests that, most adult fish participate in the 
spawning migration only every second or third year. 

(iv) Barranw-ndi (Lates calcarifor).-This study is 
nearing completion. The only fislter_y of economic 
importance oecnrs in central and northern Qucem
land wate1·s an<l in the Gulf of Carpentaria . The 
opportunity for migration to suitable breeding areas, 
spawning, nnd esLnbliohment of fry and fingerlings 
depends on past and p:·csent climatic conditions nntl on 
riYcr types. 

A furthei· 900 fish were tagged for the year. The 
return of ten tags cunfirmcd the previously held hypo
thesis regar<ling ve1·y rapid early growth rate and 
eatadromous belwviour. :1:[orphometric studies 
revealed differences between stocks i11habiti11g the east. 
coast of Queensla nd and the Gulf of Oarpenturia and 
between fresh ( i.e., laud-locked) and salt-water 
inhabit.ants. 

Catch statistics reYenled a noticeable decline from a 
peak figure in 1!J±7, rclate1l to illegal freshwater fislt
ing and the takiug of undersized specimens. 

(<l) /i'resliwalcr fi'ish.-(i) 'l'ro1tt (Salmo spp.) 
ln-vesl,igat·ions ·in 'J'a:mumia..-A report has been 
written covering t he fishery of the no1·th-west region 
in all i ts aspects based on nualyses of anglers' returns 
supplemented by field operations and scale readings. 
It has been possible to assess mortali ty rates, from 
which it has been ~hown that there is little justifica
tion for the nrtificial hatrhing and rearing of fish 
for liberation iu tlwsc st.reruns. Preparatory work for 
11 similar report ( sea le-readings and analyses of anglers' 
returns) has been completed for the 11orth-east region. 

During the 195'1- spawniug runs, 1,352 brown trout 
and 751 rainbow trout were examined at Lake Leake. 
Comparable figures for tlic Great Lake were 7,614 
brown an<l 860 rainbow front. During the spawning 
run in the Plenty River, 600 fi sh passed through the 
fish trap. 

The electrical fishing apparatus bas been put to 
good use duri ng the past season. A survey of the 
North E sk Ili vcr ( reported by anglers to be devoid of 
fish), during which the river and its tributaries were 
sampled at 25 places totalling 1½ miles of river bed, 
yielded 890 trout. A rough computation shows that 
there should be not Jess than 80,000 trout, of whic'li 
17,000 are of takable size, above the lowest point 
fished. 

(ii) Fish Culture l ·1wcslignlio11s in 'l'as1na111ia.-In 
June, 1954, the eight-acre dnm at Dairy Plains, 11ear 
Deloraille, was restocked with some 4,000 brown trout 
fingerlings. Special provisiou wns made beforehand 
for the drnining of the dmn, and it is proposed to 
recover the fish in ,Tnne, 1955, so tbnt growth aml 
mortality rnny be assessed. 

Some knowledge has now been obtained of the bio
logical and chemical ebarnct.C'rists of four typical farm 
dams, which it is i11tendC'd to stock with fish. Two 
dams lrnve communities of higher plants and are 
richer in phytoplankton a11d bottom fauna than the 
other two. Zooplnnkton is well established in two of 
the dams. <?~e of tbr. c~ams without higher plnnts 
has bnttom-hnng algae 111 large numbers. Sernral 
methods are being tested to see whether the mud of 
tl1e dam can be forced to yield up some of its nutrients 
to the overlying water. 

]3iologica l in formation :i bout teuch ( Tine a mllgaris) 
and perch (Perea flcwiatilis), which will be used in 
the dams, is being sought. Work ou tench is nearing 
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completion. Preliminary holding of tench in dams 
lrns slwwn thnt they grow ,ery well, even under poor 
conditions. 

(e) Crust~cea and. Shellfif!i.-(i) Western Gray
ft~h (Panuhns longp1pes) .-Ihe total catch rose to 
10,300,000 lb. in 19:34. 

The data obtained from the continuous crayfishing 
tC'st at Pelsart Group, Houtmaa. Abrolhos, in 19.33, 
have been analysed. Changes in catching rntes resembled 
those in the similar test of 1948. The average number 
of crnyfish per haul was 90 in 1948 and 37 in 1953. 
S eventeen marked crayfish were recaptm·ed within 
tll"o miles of the point of relense from one to thirteen 
months later, and three at a distance of 30 to 35 
miles. 

The colJection of lcngtb-weight data was completed, 
and analysis is proceeding in order to convert cray
fi~h lnnJings by weight to n umbel's in the ,1arious 
size classes. S tatistical study of the 1~brolhos cray
frsuery l1as been continued. 

The st.u<ly of the reproductive cycle of the crayfish· 
was con1 inned. Spawning times appear to vary from 
group to group of islands in the Abrolhos. A self
contained diving unit was used with 0 Teat advantacre 
in various branches of the crayfish in°vestigation. " 

(ii) Southern Crayfish (Jasus lalan<lii).-1:>lans 
were made for an investigation of the fishery for this 
species i n Tasmania where the rate of catch, although 
not the catch itself, is falling in most areas. 

(iii) Prawns.-Further surveys were carried out 
in co-opP.~~tion_ with the Western Australian Depart
ment of .I! 1shenes from Exruouth Gulf to the Dampier 
A rchipelag?· I~cna.eus .e:~culen_tus . (the tiger prawn) 
was t:tkl'n m fair qua11t1tles, with rncrease of numbers 
and progressive ripening of gonads during the winter 
and spring period. 

(iv) Pearl Oysters (Pinctada spp.).-Spaltings.
It. has now been fo und that the almost universal 
ausence of the o+ age group in samples of P. maxima 
is due to the inability of divers to see them. Beds 
on which no o+ gro1ip oysters have been seen in the 
past three years carry plenty of the 1+ and 2+ 
groups. 

Age at First Maturity.-It was confirmed that 
P. fu catci nnd P. albina usually mature in their first 
year and tl1at oysters setting only a few mouths before 
rhc maJor spawning season may reach maturity in 
tLat sh?rt time. 1n P. maxima half the first year 
population,. 90 per ,cent. of second year population, 
and all third year oysters show signs of sexual 
developm ent. 

Ulianye of Sex.-Data from tagged specimens of 
1-'. 1naxima, P. f ucata, and P. albi1ia showed that there 
may be a female-male change in addition to tlie initial 
protaudric sex-change. 

Gametogenesis.-1.t is now possible to determine 
accur!l tely ~he state of m~turity of pear oyster gonads 
by h1stolog1cal exam111at1ou, and l?any intergrading 
st.ages of deve)opn:ent and resorption can be recog
m.zed. Spawnmg 1s_ often incomplete and r esol'ption 
of ,~nsp'.'wned materinl oc~urs, at least in the testis. 

1 aggi_ng.-Further tagging has been carried out 011 

the :M.arn land Ground to confirm growth rates esti
mated by other means. 

Lengl.h- \ Veight llelalionships.- This work has been 
extended to samples of P. max·ima from the Northern 
Tet-ritory and Western Australian areas. It now 
a_ppe~rs that th.ere i~ 11 definite geographical v11rin
t1on rn the relat1onsh1ps: western shell is more convex 
an<l heavier than eastern, for a given diameter. 

Induced Spa1~ning (for _shell cu/lu1·c) .-Hipe speci
mens of P. maxvma can be rnduced to spawn i.u Novem
bm·, December, and January by raising the tcmpera
t~1re of the ,~rater 4-5° C. and adding sperm suspen
s1~n. Exper~ment,s on artificial maturation of ova, 
usmg ammomated sea-water solutions gave promising 
r esults. ' 



Pearl Oulture.-;tfoclei have been inserted in speci
mens of th_ree species, the majority of which survived 
the operation and retained the nuclei. In one case 
(P. margaritifera) the graft seemed to have taken. 

( ~) Scallops (N otovola meridionalis) .-The Tas
maman scallop beds were examined as usual dming 
the 1954 season. The brood of 1948 entered the 
fishery with an expected low meat weight of 26 lb. 
per_ 1,000. The quality and meat yield cau be expected 
to mcrease slightly next year, maintain the approxi
mate quality for another year or so, and then fall. 
The main Channel beds carried large quantities of 
two-year-~ld scallops, showing that good spatfall 
occurre.d m 1052. 

(vi) Oysters.-Japanese Oysters (Ostrea gigas).
Growth of maturing stock in P ort Sorell has been 
normal. .A limited spatfall occurred in March, 1954, 
but only half survived. Mass spawning occuned in 
March, 1955, and it settlement of young oysters may 
occur. 

Sycl1~ey Rock Oystc1· ( Crassostrca conunercialis) .
In a programme to sample the food available the 
following results have been obtained :-the number of 
food organisms diminishes as height above mud 
increases ; there is close similarity in counts over one 
tidal period or several tidal periods; a high percentage 
of the plankton is under 5p.; zooplankton maxima 
have been apparent hut bloorns in phytoplankton have 
not be.en noticed. 

Work on winter mortality has been rm,hred as a 
co-operative study between uu officer of the Division 
a:nd a world authority 011 oyster diseases. Little mor
tality occurred in 1954. 

4. lCIITHYOLOGY. 

(Division of Fisheries.) 
(a) Reference Catalogue of Australasian Fish.

The catalogue ~s been kept up to date and several 
hundred illustrations have been aclded. 

( b) H andboolc of Ceylon Fishes.-The illustrated 
handbook of iishes of Ceylon, which is being published 
by the authority of the Department of External Affair;; 
as a project under the Colombo Plan, will soon be 
available for distribution in Asian countries. 

(c) Check-list of New {ht.in.ea Fislies.-The identi
:fication of fish collected by M.V. Fairwind during 1948 
and 1949 has been completed. The check-list of N~w 
Guinea fishes has been revised to incorporate the 
records of the Ji'airwvnd collections. These increase 
the number of species known from the Australian 
territory from 821 to 1,003 and that for the whole 
region from 1,321 to 1,423. 

( d) Fish Eggs and Larvae.-Most of the postlarval 
fishes obtained in New Guinea by M.V. Fairwind 
have been identified. Further experimental studies 
have been carried out on the hatching of eggs of 
estuarine species and on tbr. determination of spawning 
seasons and breeding h abits. 

5. HYllROLOOY. 

(Division of Fisheries.) 
(a) Oceanic Investigations.-(i) 7'asman Sea.-

The data on surface salinity and temperature collected 
by T.S.M.V. Wanganella since 1953 have now shown 
that the east Australian current, flowing southward 
each spring and summer, is composed of two water 
masses. One originates in the Coral Sea and reaches 
its maximum flow in December and the other is of 
sub-equatorial or igin and flows between N e,v Zen land 
and New Caledonia, reaching its maximum velocity 
about February or .April. However, the major charac
teristics of the Tasman Sea surface waters arc devel
oped by mixing between the surface water mass moving 
south,~ards from the Coral Sea and the deep .water 
mass moving northwards from the sub-Antarct10. 

F.5500/55.-6 
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By local modification of the secondary water mass 
thus formed, the various water masses occurring along 
the east .Australian and New Zealand coasts are formed. 
A major variation in thG How of either the Coral Sea 
or the sub-Antarctic water mass can alter the com
position of all derived water masses accordingly. 

The fertility characteristics of these water masses 
have been ascertained and the influence of water 
movements on the development of these characteristics 
~m~c~~u~~~~ . 

(ii) Bci.ss Stra·it.-The cruises of the F.R.V. Derwent 
Ilwiter in this region have enabled a knowledge of the 
principal water masses and thei1· fertility charac
teristics to be built up. The location and seasonal 
movement of a water mass of very low fertility has 
been studied. 

A low-temperature water mass, which presumably 
encirc1es the Tasmm1ian mainland at certain times of 
the year and competes in sumroe.r with the warm 
water from New South Wales for dominance of the 
east Tasmanian coast has also been identified. In the 
eastern approaches to Bass Stro.it there is a warm 
fertile water mass ; elevation of rich bottom water by 
canalization along the Snowy River submarine canyon 
way contribute to its formation. 

The trans-Bass Strait sampling from the M.V. 
1\iroona has been continued. 

(b) Coastal lnve.~t,igations.-(i) East Australia.
The cycle of hydrological changes in east Australian 
waters, which commenced in 1942 and led to a Lig 
ch:mge in total phosphorus, salinity, and temperature 
of these waters, came to a climax in 1051-52. The 
most promising approach to the study of this cycle 
has been developed with the aid of recent W anganella 
and Derwtmt l:fontcr results in the Tasman Sea. 

The summer oceanographical conditions off Port 
Hacking, New South Wales, which seem to control the 
annual fertili ty of these waters, are dominated by the 
composition of the water mass :flowing southward 
in November-December of each year. This early
summer water mass is composed of a mixture o·f Coral 
Sea and sub-Antarctic waters, mixed by vertical 
exchange during their southward and northward move
ments respectively. If the relative flow strength of 
either of these water masses is varied, so is the com
position of the water mass occurring in any latitude. 
Analyses of Port Hacking and Maria Island 
(Tasmania) waters in the month of December during 
the period 1942-54 show that years of high total phos
p]10rus are associated with greater sub-Antarctic 
influence and years of low total phosphorus with 
p;reatcr Coral Sea influence. 

(ii) South-western Austral·ia,.-Fortnigbtly s1unplil1g 
was continued during tbe year at the Rottnest Isln.nd 
50-metre station. The pronounced fall in chlorinity 
observed. clurin~ the early winter of 1952 and 1953 
was attnbuted to the southerlv movement of warm 
water of low density, but thei:e was 110 comparable 
decrease in 195'.l,. 

(c) Estitarine .lnvest·igations.-The studies on the 
hydrology of Lake Macquarie, New South Wales, were 
continued. It was found that the sudden changes in 
water level within the lake are not only related to 
outside sea levels, but also to winds and barometric 
pressure over the lake itself. There is an inverse 
relationship bct\\·een high nutrient concentrations in 
Dora Crook (a tribntary) and the appearance of high 
nutrient penks in the waters at the bottom of the lake 
which has not yet been explained. ' 

The work on general hydrology and circulation of 
the Swan River (Western Anstrnlin) was written up. 
S?me work remains to be done 011 phosphate and 
mtrogeu cycles and the effect of water l evel on circn
lation characteristics in tho spring period. 

The studies at Pittwater nnd Port Sorell, Tnsmnni11, 
have been continued. 
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( d) Product-ivity St:udies.-The ~vork ~n. the role 
of turbulence in elevatmg the orgamc detr1t1011 of the 
mud surface to critical levels above the mud surface 
for oyster growth has been continued. 

_.:_\_ crit.ical check on the methodology of collecting 
sample.s for chlorophyll c_stirnatcs . has shown ~hat 
filt ration under pr essure, wlnlst supenor to tow nettmg. 
is still Ycry inefficient. A high-speed continuous 
cc11trifoge of the ":Forset" type. has enabled almost 
complete separation of the microplankton to be 
effected. 

( e) lnstrnmentcilion. -:- The Chainomatic Py~no
mcter ,1·as developed durmg the year and an American 
firm is now manufacturing it for general nse. An 
oscillntorv brid"'e type of meter with automatic com
pcnsatio1; of c~ndu~tivity for_ temperature _h~s been 
dcsi"ucd to 0 ·i1·e ducct rcachngs of chloruuty aud 

"' "' 1· . d lcmpe1·atme, the former property ?11 _a 1m1te ra1!ge 
ouly. A commercial model of this mstrument with 
;:;reatcr rmwe is being manufactured locally. The 
first sea t~·ia Is of the salinity-temperature-depth 
recorder were canied out successfully. 

6. PLANKTOLOOY. 

(Division of Fisheries.) 

The nrn,ior part of this st~1cly is being ~an~ed ol~t 
in conjunction with hydrological and fisheries mvest1-
gntio11s in Bnss Strait and the Tn~m:m Sen. _Copepods, 
enphausiaus, medusne, and tumcates received most 
a ttention during the year. 

S pceial 11ttention was paid t,? the ~uphausia~1 Ny~l-i
plw,1es a11~/ralis, already mentioned m con_nex10n with 
b:i.1Tnconta. The two principal cuphansians of the 
Tasman Sea, lsnphausin recurva and E . lncens, are 
~enorally found respectircly north. and south of 40° S . 
latitude, cxerpt ncnr the Tasmaman east coast where 
8. rcc11rva sometimes occurs further south. No part 
nf tho Tasman lias yet been found to be as productive 
of cuphausians as the neritic waters of Victoria and 
Tnsmm1ia. 

A plankton sun·ey of the Exmouth Gulf area 
( Western Anstralia) was made in the winter of 1054. 
C'ollcetin"' ceased in Lake Macquarie, New South 

~ . 
'\Vales, nnd the work w11s written up. 

7. :MrcnOlJIOLOClY AND BOTANY. 

(Division of Fisheries.) 

·work on microbiological processes in t.he estuarine 
cHviro11rnc11t with special r eference to the sulphur 
cvcle i11 bottom muds was rounded off and submitted 
" ' for publication. . 

The importance of the sulphu~· work warranted a 
l,1·ief stnd:;r of sulphur formation 111 Lake Eyre, Sot~th 
,.\ ustntlia. The sulphur was found t? be ~f m1crob10-
logieal origin. f\.s a. further extens1~n (m part) . of 
1:ltis work, the m1crob10logy of hot sprmgs was st.uchecl 
by an officer 011 leave in New Zealand. 
· Phosphate release with hydl'ogcn sulphide h:0111 

fl'l'l'ic frrrou.:;, ancl calcium orthophosphate was stuched, 
as the; proc<':::s is believed to be important in the phos
pl1nte cycle in estuarine mud and water. 

Data were gathered on the electrn<le potentials and 
pH of y:uious natural environments. · 

Estimations were made of the density of the Zoste1·a 
plant, nud its epiphytes in New South Wales estuaries. 
Certain fish feed on the cpiphytes and others on the 
Zoslrrrr i tself. FJ-11/eromorpha-, the main alga of the 
estuarine and mud flats, was also studied. 

The bottom muds of Lake Macquarie have an uuex
pcct:edly low r edox potential, and diatoms and flagel
lates arc scarce, although the muds are well within 
the photic zone. The aet"Obic bacterial counts of these 
mnds are also rather low. 

8. FOULING. 

(Division of Fisheries.) 

The accumulated results of severnl years' work on 
the principal fouling organisms of the New South 
\Vales and Queensland coasts were written up, work 
was continued ou the important fouling group of 
scrpulid worms, aud a new programme of ship fouling 
im·estio-nt;ions was drawn up at the request of the 
Hoyal Australian ~ avy: Results of inqu~ries into the 
treatment of foulmg m sea-water cooling systems, 
made in the United States in 1954, were reported to 
organizations concerned. 

XIII. FOOD. 

1. G J::N EitAT •• 

Tl1e presenation of food is au i11crcasingly important 
link between primary in<lustr,y and the consumer 
market. There is a growing awareness ?f the p~rt 
which science and technology can play m reducmg 
\\'astagc, im•proviug quality, and gener~lly r_aising ~he 
efficiency of Australia's food processmg mdustnes. 
The co{nplex constitutio_n of foodstuffs ~f all kinds, 
especially meat, dairy products, and fruits, call~ for 
fundamental studies based on physics, chemistry, 
botany, and bacteriology to _e~1sure t~e elimination ~f 
processing and storage cond1t1ous wbtch t?11Cl to thell' 
deterioration. As a major food producmg country 
situated far from the main food importing nations, 
and with its own population centres separated by long 
dist ances, Australia has a s,pecial interest in the preser
rn tion of foodstuffs during- transport. 

The Org:i.nizatiou's work on food is undertaken 
d1ietly witl1in the Division of .Food_ Preservation and 
Transport with its main laboratoncs at Homcbush, 
New South Wales, aud branr,h laboratories at Brisbane, 
Queensland (meat); West Gosford, New South Wales 
( citrus fruits); Eden, New South Wales (fish); 
Hobart, Tasmania (fish, apples, aucl berry fruits); and 
a t the Botany and B iochemistry Departments, U ni~er
sity of Sydney (plant physiology and physical 
chemistry). The work of the Dfrisiou is described 
in Sections 2-.11 of this Chapter. Work on the manu
f acturc of daii-y products is C"aniccl out by the Dairy 
Research Section at 1-lighctt, Victoria ( see Section 13 
of this Chapter). Co-opcrnt-ive investigations on wines 
are canied out iu the W aitc Agricu ltural R esearch 
Iustitute ( see Scc•tion 12 of this Chapter). 

\Vork 011 dried vine fruits is in progress at the 
Commouwcaltl1 R e~<•arch Station (Mmi-ay Irrigation 
.\.reas), l\forbeiu, \7ictoria (sec Section 14 of this 
Chapter). . 

Di1:i1<ion of J1'ood Preservation and Transport.- ln 
view of the increasing urgency of the technical pr?h
lc111s in the preservation and transport of meat for 
export, a substant.ial part of the DiYision's resourC"es is 
now dcn>t<'d to meat ii1\'estip;ations which are maidy 
loC'ated in Drisba11c. Dr. Il. A . Lawrie, o.f the Low 
Trniprrat nre Hescarch Station, Cambridge, returned 
to Austn1lia in :M1ty, 1!)5::i, to resume 11 sci·ies of investi
gations in co-O'peratio11 with the Division's officers. 
.\.ddi tional equipnumt has hecn installed in tho meat 
iuvesti~ations laboratory, including a large blast freez
inf!' tunuel capable of freezi ng a hindquarter of beef 
in the fast time of 12-14 hours. 

Drying from the frozen state is the preferre_d met~1od 
of prcservat.iou of microbial cultures, aud mvest1ga
tio11s haYe been nroc-ecding for some time on the con
ditio11s governing th~ death-rate of microorgnuisms 
subjected to this fonn of preservation. It lrns been 
fou;1d that the death-rate can be YCrj' greatly reduced 
during storage by the addition to the cultures of sub
stances, surh as sulphm dioxide, which will block _the 
rractions between reducing sugars and the a1J:J1mo 
side chains in the microbial proteins. This rliscove1·y 
wi.11 hr,ve a wide industrial application, and a patent 
a pplication covering· tho process has been lodged. 



While the Division relies on such bodies as the 
several State Departments of .Agriculture and the 
Commonwealth Department of Commerce and Agricul
ture to disseminate the results of a major part of its 
research work, the Division's officers have carried out 
a considerable amount of extension work chiefly 
through the Di vision's publication "Food Preservation 
Quarterly" and through many professional and tech
nical associations, such as the Institute of Food Tech
nologists, the Australian Canning Convention, and 
the Commonwealth Cold Storage Association. In 
Murch, 1955, a conference of technical people from the 
meat export industry was convened in Brisbane in order 
to acquaint the industry with the results obtained in 
the Division's meat investigations laboratory during 
the last few years and also to seek the help of the 
industry in formulating a research programme for the 
uext four or five years. In .conjunction with the 
Dairy Research .Sectiou, the Division organized an 
attractive stand at the Better Foods Exhibition held 
in Melbourne in January. 

Considerable assistance has been given to the 
authorities resiponsible for the supply of food to the 
Defence Fo.-ces, JJa-1·ticularly in the design and testing 
of a number of compo11ents of the new one-man 24-
hour ration. Extensive tests have also been carried out 
on a wide range of canned foods stored at Mawson, 
Antarctic Dependency. 

2. PHYSIC!!. 

(Division of :Food Preservation and Transport.) 
(a) Evcl71ornfion of llfois/11.re from Poods in Gold 

Stora,qe.-A comprehensive study of this subject is in 
progress, and a good deal of work on the following 
aspects of it has been carried ont <luring the year under 
review. 

(i) .Evaporation P rop<wt,ies of Particitla1· Foodslliffs. 
-The techniques of measurement hnvc been improved 
and data obtained with a1pples, oranges, apricots, plums, 
and peaches. 

(ii) Efl"ecfs of Pacl.;ing Fruit in Gases.-Work 
reported last year bas been continued. Further data 
have been obtained with apples and oranges in several 
types of ,package and theoretical analyses of the 
problems have been carried further. 

(iii) Prove·rlics of Partic1tla.r Stores.--Several 
frozen stores have been studied using the weight losses 
from standard blocks of ice as a measure of the drying 
power of the storage ntmosphere. Quite lnrge posi
tional variations have been found in natural circulation 
stores. 

(iv) Evaporal.ion from Meat in Stoi-agc.-Experi
ments ha.Ye been begun to obtain evidence on the varia
tion in weight loss through stacks of frozen car.cass 
meat and on the evaporation properties of frozen car
casses and their Yariation with the previous history of 
the meat and the storage conditions. 

(v) 1'hco1·elical Liiwlyses.-Such analyses of the 
whole systom-storc, cargo, and cooler-hnve been 
canied a little further. 

(b) Preezing of J.11 eat.-Some difficult engineering 
design problems arise from the desire of many meat
works managers to r educe the time taken to freeze meat. 
Consequently the possibilities of obtaining a fairly 
precise prediction of the performance of a projected 
freezer have beeu studied. :Much work remains before 
this can be done with high accuracy but some progress 
has been made. 

There is n good deal of interest in the industry in 
t,he practice of loading meat into air-blast, rapid 
freezers without prior ci1illing, because this can reduce 
the cost of meatworks operations. For the design of 
su_ch freezers ~t _is necessary t.o be able to estimnte the 
effect_ of t.he initial temperature of the meat on the 
freezmg tune. A little work has been done on this 
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overseas but the formulae derived from it IHE: incon
sistent with some experimental data obtained in the 
Brisbane Laboratory. Consequently, some numerical 
integrations of the differential equations describing the 
process have been carried out. 'l'hese showed that the 
heat transfer coefficient from the surface has a marked 
influence on the effect of the initial temperature and 
tl.iat the apparent inconsistency between tl1.e Australian 
and overseas data can be aocouuted for by the difference 
in the rate of heat transfer from the surface in the 
two series of experiments. 

(c) Oond11,clion Errm·.~ in, Thermocmtplcs.-The 
experiments J'eferrod to in the last Aunual Report have 
been continued but are not yet complete. 

(d) Performance of Oold Slores for Fruit.-'l'he 
analysis of the data collected over several years ,md the 
preparation of a comprehensive repo1·t on the work have 
now been completed. 

(e) B'reezi·ng of Bread.-Some measurements have 
ueen made with a few types of bread and calculations 
carried out in order to provide data needed for the 
design of commercial freezers for bread. 

(!) Wal er Rela.tions.-As part of the programme 
on the study of proteins the vapour pressure isotherms 
at 30° 0 . of several proteins :uave been obtained by 
direct measurement of vapour ,pressure. Wo1·k is in 
progress to improve, the equipment so that the water 
content of a sample can be found more directly. 

Further data ham been collected on the water 
content of foodstuffs in equilibrium with atmospheres 
of known relative humidity. A report of observations 
on dried vine fruits is in preparation. 

(r;) Colom· MeclS-Urement. - Spectral reJlcctance 
curves of some foodstuffs have been obtained to serve 
11s a basis for tlte development of simple routine 
methods of colour grading. Attempts are being made 
to overcome difficulties clue to clrift and lack of sen
siti \"i ty in the elect-rical circuits of the photoe1eetrie 
tricolorimeter so that it wilJ be more suitable for 
routine work. 

3. Eooo Cum,rrsTRY. 

(Division of Food Preservatiou and Transport.) 
(a) Folal·ile Products of ilpples.-The organic 

volatile subshlllces produced by fresh apples are con
cerned in tl1e aroma and possibly also in the control 
of ri·pening. There is e,,i<lenee of some relation 
between volatile suhstanees and superficial scald, a 
functional disorder. 

No Yolatiles o1'hcr than those pl'eviousl,y identified 
have been detected in the course of varied experiments. 
The effects of these volatiles in causing scald were 
studied systematically and a positive result was 
obtained with esters of higher alcohols. 

(b) N at11ral Coatin,q of A.pples.-The studies ou 
the natural lipid coating of apples are related to the 
physiological behaviour of stored fruit, as the 11atura1 
coating is the main banicr to gaseous diffusion and 
thence influences the composition of the internal 
atmosphere. The chemical constitution of the oil and 
cutu1 fractious is being investigated. 

A paper on the identification of the saturated u.cids 
of the oil was prepared for publication. Work is pro
ceeding on tl1e unsaturated acids which were shown 
to be prcdornina.ntl_y 01s acids. 

( 1;) Studies on Jt'all_lJ ~tcids.-St.udies on the separa
tion and clrnl'll cteriiation of fatty acids are an 
essential part of tlrn above project as well as a basic 
contribution. 'l'he work on the partition chromato
gra,pby of fatty hyclroxamic acids was completed and a 
pnper prepared for P).1blication. Some study was made 
of the u;1sa~nr~ted awls from vegetable oils, us physical 
1)rol)crt1es mcheated the presence of minor constituents 
of unkno:wn s~ruct,ure. A study is l1eine; made (in 
ro-operation. w1tl! the Professor of Orii;anie Chemistry, 
Sydne:v U mvers1ty) of reagents other than alkaline 
glycol for tbe isomerization of unsaturated fntty acids. 



( d) Determination of Ethylene Dibro11tide in Friiits. 
-Eollowing on the publication of a paper for determin• 
fog ethylene dibromide (used for destroying the fruit 
fly) in the air of a fumigating chamber, work is pro
c~eding on the determination of this substance in the 
fruit. 

(e) Water-soluble Constituents of Frnit.-These 
studies are adding to the general fund of knowledge 
of the composition of the flesh of several species of 
fruit, us well as providing basic do.ta for the study of 
chemical reactions occurring in processed fruit. The 
techniques developed have also been used to detect 
amino acids and sugars in materials ( e.g., eggs, fish, 
and freeze-dried bacterial cultures) being studie<l by 
other groups in the Division. 

Displacement chromatography on columna of 
strongly basic anion-exchange resins has been used to 
separate, isolate, and purify water-soluble organic 
acids. The order of emergence of 27 acids from such 
columns has been recorded. Using this mP.thod, 
l-quinic, succinic, L-malic, and citric acids have been 
isolated from the tlesh of the apricot fruit. Similarly, 
l-quinic, L-ma!ic, and citric acids have been isolated 
from peach fruit and it has been shown that any 
one of t hem may be the predominant acid depending 
on the variety, season, and maturity of the fruit. 
Eree galacturonic acid has been isolated from peach 
fruit, but was found only in fruit picked at commercial 
maturity and ripened at 20° 0. This acid has pre
viously been isolated only in glycosidic combination. 
Mucic acid has been isolated from peaches and pears, 
this being the first time it has been found in fruit. 

The sugars and polyols in a number of samples of 
apricots, peaches, pears, and apples picked in several 
seasons were examined by paper chromatography. 
Xylose, fructose, glucose, sorbitol, a cyclitol (prob
ably mesa-inositol) , and one or more ketosP o!igo
saccharidcs were detected in all the fruits. Each species 
of fruit g£tve a characteristic pattern of spots. l\fore 
detailed studies were made of the sugars in apricot 
fruit by means of chromatography on cellulose columns 
and charcoal columns. This resulted in the detec
tion for the first time in fruit of a series of ketose 
oligosaccharides. 

(f) Chemical R eactions in Processecl Ji'ruit.-The 
study of browning reactions in freeze-dried apricot 
and peach purees has been continued. The water
soluble constituents of material stored for fourteen or 
fifteen months at 25° ,0. at 20 per cent. moisture con
t ent have been studied by means of pnper chromato
graphy. The water-soluble basic compounds have been 
separated by means of displacement chromntogrnphy 
on ion-exchange columns and compared with the free 
amino acids in the untreated fruit puree. 

(g) Protein Physical Ohemistry.- (i) Protein 
Denaturalion.-Foods such as milk, meat, and eggs 
form highly complicated colloidal systems. During 
their processing and preservation marked changes in 
their colloidal structures frequently occur. One of 
these phenomena, protein deuaturation, is so impor
tant that it has been made the subject of an intensive
pbysico-chemical study. It is concerned with the 
effect of physical agents ( such as heat) and chemicals 
(such as urea) on pure proteins. This work is being 
carried out in collaboration with the Biochemistry 
Department of the University of Sydney and the 
O.S.I.R.O. Dairy R esearch Section. 

The urea denatmation of bovine serum albumin 
ovalbumin, a~1d ,8-la~to-g_lobulin has been studied by 
n~eans of_ sed1inent~t1on rn the ultracentrifuge, diffu
sion, optical rotation, and solution vii,eositv incre
ment. New light has been thrown on the u'nfoldinO' 

d t' · "' an aggreg:i, ·1011 l'eact10ns of these proteins and a 
paper on this work has been submitted for publication. 

A ~eparate stud~ is being me.de of the aggregation 
reactions of the milk proteins, a· and /3-casein. 

(ii) Prolein and Amino Acid Metal Complexes.
Metal complexes of certain amino acids and proteins 
are being studied by means of polarography and pH 
titrations in order to get some idea of the strength 
of binding of the metal in these complexes. In con
nexion with this work n recording polarograph of new 
type is being developed in collaboration with the 
Physics Section. 

(h) Infra-red Spectroscopy.-(i) Limonin.-The 
investigation on the infra-red spectra of limonin (the 
bitter principle of oranges) and related compounds 
was continued in collaboration with the Canning 
Section. The intensity of the carbonyl absorption 
bands was investigated in an attempt to determine the 
number and type of carbonyl groups present in these 
molecules. This work necessitated careful desiccation 
of the infra-red spectrometer and a technique for this 
moisture removal was developed. 

(ii) B-icyclo-octa.ne.-Measurements have been me.de 
on bicyclo-octane in preparation for a normal co-ordi
nate vibrational analysis in collaboration with Dr. 
I. G. Ross, Physical Chemistry D epartment, Univer
sity of Sydney. 

4. MrcnonrnLooY or, Foons. 

(Division of Food Preservation and Transport.) 
The principal aim of these studies continues to be 

the accumulation of reliable quantitative data regard
ing the rates of gro,1•th and of death of important food
spoilage and food-poisoning micro-organisms. When 
obtained under adequately controlJed conditions, such 
data can be used to predict the reactions of micro
organisms under the various conditions which might 
r.pply in the processing and storage of foods. T he 
laboratory continues to receive a number of problems 
concerning the diagnosis and control of spoilage in 
foods. 

(a) Clostridium botulinum Investigations.-Some 
additional experimental work 011 the physiology of ten 
type E strains has been done and the results have been 
prepared for publication. Some experiments on the 
water requirements of types A and B strains h ave 
also been continued. 

(b) Ba.cterial Spores.- In spore germination studies 
the increased sensitivity of heated spores to low con
centrations of fatty acids in the germination medium 
has been confirmed with a study of five acids and seven 
additional organisms. The results of this and earlier 
work are being prepared fo r publication. Some exper i
ments on the metabolic changes during germination 
were also carried out. 

Studies on the nature of heat resistance of spores 
h~~e con?erned the . examination. ~f spores., mark~d1y 
chfferent m heat resistance, for differences rn chemical 
and phy~ical properties. In co-operation with a 
student of the New South Wales University of Teeh-
110logy a significant correlation was found between the 
Lent resistance of spores and alkali resistance but n.ot 
acid_ resistance. E lectron micrographs of very thin 
sections of spores prepared by the Division of Indus
trial Chemistry_ have not revealed a relatiollShip 
bet:veen the thickness of the spore coat and heat 
resistance. 

H eat resistance data were obtailled and used to 
eYaluate safe processes for canned bananas and haked 
beans. 

(c). ~1Valer Relations o~ Micro-organ·isms.-A paper 
descnbrng t~e wate! r-0quirements _of a food-poisoning 
Salmonella m relation to the nutr1t1onal status of the 
~ediu~ bas been published. A_ fn:~her puper deal
mg with th~ e~ects of the ava1lab1.hty of water on 
growth, rcs1nration, and the accumulation of certain 
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s~lts by thi_s organism has been accepted for publica
tlo11, Studies of the water relations of some Pscudo
m?nas organisms have been continued and experiments 
with a species of Vibrio have been commenced. Some 
of the work has been temporarily discontinued during 
the absence of an investigator on study leave in 
England. 

(d) Freeze Drying.-This work on the preserva
tion of micro-organisms by drying from the frozen 
state has increased considerably. Experiments which 
commenced last year have shown that the mortality 
during storage is markedly dependent on the water 
activity during stol'age ancl on the nature of the fluid 
in which the organisms wore suspended prior to dry
ing. These early observations also showed that death 
during storage was increased by certain sugars includ
ing glucose and reduced by some amino acids. These 
findings led to the theory that death in the dry state 
is due to the destruction of amino side chains on 
cellular protein and simiiar molecules by reaction with 
various carbonyl compounds which occur naturally in 
cells. Numerous experiments to test this theory have 
now been. carried out and are continuing. Results 
already available strongly support the theory, and 
provide a rational basis for considerably increasing the 
efficiency of drying processes. 

Expei·iments caniecl out so far have been done with 
equipment in which the initial drying process was 
011ly partially controlled. Equipment which will per
mit drying to be studied under more closely controlled 
conditions lias now been constructed, and an investi
gator has been al)pointed to accelerate the study of this 
phase of tl1e process. 

( e) Canned H a1n.,_A paper on the fnctors affect
foi;- the development of the food-poisoning organisms 
Cl. botulinum and Staph. aureus in canned hams was 
read at an ibteriintional symposium on the microbiology 
of semi-preserved meats. 

5. MEAT. 

(Division of Food Preservation and Transport.) 
( ci) Go-operati1,e Jnvesti_qations.-The investiga

tions on quality of beef carcass in relation to process
ing and pi·e-slaughter conditions, w'l1ich were carried 
out in co-operf).tion with the British D epartment of 
Scientific and I ndustrial Research, hnve been resumed. 
The present series is aimed at confirmation and ampli
fication of the effects of factors which were shown to 
have effect on eating quality, oi• 011 the extent of 
drip from tha,ved beef. The influence of sucl1 treat
ments on the rate of development of micro-organisms 
will be studied in further detail. 

(b) Muscle Biochemisti-y.- A comparative study is 
being made of the post-morte~ phys~cal an~ chem~cal 
changes in the muscles of various ammals with a view 
to establishing- fundamental information on the nature 
of drip in beef muscles. 

A comparison of the behaviour of w~ol~ and homo
genized muscles from beef and whale 1s rn progress; 
two expeditions to coastal whaling stations were made 
in 1954, and will be contin'lled this season. The very 
slow rate of post-mortem ohnuges in whale muscle. at 
35° C. has necessitated measui•es to retard putrefaction 
during labornt?rY. operations. _Studies ,vith _anti
biotics have mchcated that th1s may be aclneved 
'lvithout sip;nificant interference with chemical changes. 

(c) Bf1cf.P-rioloqy.-The relation which was fouml 
bPtmien time of development of rigor and the rate of 
development of micro-Or/!anisms on fresh mincer! ox 
musrle hn~ not been found with extra.cts from frozen 
mu~r.le. With minred fre~h and frozen muscle from 
crn,.ker cows tl1e relationship is more clea1·-cnt tlrnn 
with nx mmicle, but thrre is 110 relation~hip with 
extract~ of the muscle. The wasl1erl. r entrifnl!'.al resi
dues left aftei• exti111r.tion a11e now beings e-s::amined to 
see if there is any such relationship \vith this material. 

A number of organisms have been selected, identi
fied, and examined for ability to metabolize certain 
substrates. These organisms are to be used in a study 
of the mechanism of inhibition of some organisms by 
carbon dioxide. 

(d) Freezer burn.-Extension of the programme on 
this subject has shown that when samples are frozen 
without moistme losses during the freezing stnge com
paratively high losses before freezing are necessary 
to prevent freezer bum. Where losses take place dur
ing freezing much greater loss must take place in store 
to produce comparable degrees of freezer burn. 

In this work it has been found that a study of the 
relation of mo-isture content and fat content of liver 
is useful in d ifferentiating between livers, and this has 
made necessary a study of the extractability of fat by 
various solvents. 

6. Frsn. 
(Division of Food Preservation and Transport.) 

(a) F1mda111.ental Tn11esfi_qafions.-Heat inactiva
tion of t.vrosinase which is responsible for the develop
ment of melanin-like substances in certain tissue~ of 
crustaceae has been studied. Loss of salt i;olubility 
(denaturation) bas been measul'ed in whole fillets and 
minced flesh from the same fish during frozen storage. 
Work on the breakdown of urea aurl of trimethvlamine 
oxide in canning of shark flesh has been romp!Pterl. 

(b) Applied lnvesf,j,_qalions.-The uptake of salt by 
tl,e tail meat of wl1ole crayfisJ1 during cookin/!' in ~alt 
solutions of various strengths has been mea~ured. The 
acceptability of crayfish flesl1 cookPcl after frozen 
storap;e has been compared with that of similar crayfish 
cooked befo1·e freezin~. Studies lrnve been marl<' on 
"fish sticks" prepared from shark flesh. Oil anah·ses 
of barracouta have brrn co11tin11ed for a fnrther 
season. Processing stnrlies have hPen earried 011t on 
the ca1mi11g of tuna, P ar.ific oysters, J ack mackerel, 
barracouta, and Au~trulian salmon. 

7. Eoo INVESTTOATTONS. 

(Division of Food Preservation and Transport.) 
(a) Pi11l.~ Hl hites 1'n Stored E 11qs.-Tbe in.itrstion 

by fowls of plnnts of the family Malvflcrae !!ii•r~ ri~e 
rather qu ickly to a pink eolo11r in thP white of thP egg 
and to cl1anges in the yolk afte1· cnld stornge. Sinre 
these effects repl'Psent an acrelerntinn of the rlrl!'racln
tion of normal eggs in cold stora/!e. fundametit,al know
ledge about the mechanism involved may assist in the 
storage of eggs. 

Eggs obtained from fowls fril a fat:tv arid i~olatf'rl 
from Jl1 alvo spp. sl10wed a l1igb i nridenre of pink 
whites and associated effects after rnlcl stnrag-e. 
Changes in the concentration of sPveral eoni;tituents 
of the egg white were consistent with a po~sible rnorle 
of action of t he acid through eff Pcts on t11e Perm ea hility 
of the vitelline mem brnne or the yolk smfa,.r or lmt.h. 

Some chemical and physical properties of this fatty 
acid have been determined. 

(b) Control of Erm Yolk C'nfour.-The nrlil itinn of 
a nfo·ment to fowls' diet prorlnced eags with nnrmAl, 
stable, colnmed yolks wlien t.he diet was l:icking in 
1111t11ral yolk colouruig materials. 

8. FnESR FnurT ANn VimETARLE STORAGE AND 
TRANSPORT. 

(Division of Food Pre~ervation and Transpo1·t,) 
(a-) GenM·al.-The collaboration with t11e TTniver

sity of Sydney at tl1e Plant P1i:v~iolnq-ira1 ResParch 
Unit. with tbe New 8011th Wales DPpa1·tmrnt of 
Agriculture, both at Homebush m,cl at thr f!itrns 
Wa;staQ'.~ Resea r rh Laboratory; GMford, and with the 
Umvers1ty of M elbo11rne, W!\!' rontinued. As in pre
vious years, this large {!ollaborative venture has 
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resulted in research ranging from academic •problems 
in plai:it physiology to problems concerned directly 
with 1mpr0Ying stornge quality and decreasing 
was_tage. 

(b) Plant P hysiology and Biochemistry.-Plant 
physiological and biochemical l'Csearch carried out in 
collaborntion wit11 the Unh-ersities are designed largely 
to study the physiologicnl organizntion of the cell o.nd 
tl1e biochemical interrelations of diflcl'Cn t plant pro
cesses. Work on the microscopic particles which occur 
within cells has been continued and their structure ho.s 
been studied further with the electron m icroscope in 
collaboration with tl1c D ivision of Industrinl 
Chemistry. The study of chloro:plasts, the green bodies 
of the cell, has been extended to include examination 
of their de,·elopmcnt. Further w01·k hns shown that 
plant mitochondria barn intemal particles as well as a 
surface membrane. The physical p1·operties of the 
mitochondrial membmnc hnrn been examined by 
electrical techniques, and b,v the capacity of the par
ticles for absorbing different quantities of sodium, 
potassium, :md chloride ions. Since these particlrs 
carr,y out the chemical r eact.ions concerned in the pro
cess ?f respiration their oxygen absorption has also been 
studied. 

E xperiments on the pl1ysiology of de,,elopment in 
peas have been extended and the interrelations between 
carbol1ydrnte syntheses, protein syn theses, r espiration, 
and water content have been studied. In addition to 
providing interesting matcrinl for biochemical investi
~ations, this work may contribute to our knowledge of 
the development of optimum matmity for processing. 
The pens have also been unalysed for changes iu the 
content of the •ohosphn te cal'l'iers which are responsible 
for taking energy, Jibernted in respiration, to the 
synthetic processes of the cell. 

The change in rate of respiration known as the 
Pasteur effect, which takes place when living material 
is transferred from aerobic to anaerobic connitions, 
has been explained as being due to chnnges in the con
centration of the phosphnte calTiers. The first experi
mental proof of this 11:ypothesis has been obtained. The 
changes in pho&phate accompanying the development of 
the fruit have been examined in np1>les also, in relation 
to earlier hypotheses of the control of starch content. 

Pens are also satisfacto1·y material for tl1e extrnetion 
of the enzymes responsible for tho synthesis of sucrose 
nnd ,vork on the mechanism of this synthesis has been 
continued. Enzymes extracted from pe.as nrc being 
used for n study of the 1·espiration process. · 

The physiolo1ry of the development of orange fruits 
hnR been stndied for more than a year in Valencia 
oranges. This work is being repeated for a second 
season a nd is likely to lead to some hypotheses about 
ho,v " quality " in oranges is developed. 

(c) Technolo,qy.-(i) Best Conditions for Stora_qe 
of Apples.-Jvfost of tl1c work on storage of apples has 
been conrerned with the technique of ~as storage, i.e., 
the methocl by w hich oxy~en and carbon dioxide in the 
store are contrnllPd to prolon~ storage life and improve 
q11n 1ity. ThiQ tPchninne is now used rommercially 
with pears. These experiments oim at improving the 
technique further and applyinir it to apples, particu
larly the Granny Smith aud Delicious va rieties. 

The effect of rootstock on the keeping qual ity of 
Jo_nathan and Granny Smith apples has been examined, 
usmg frui t from the stock trials at the Dathurst Experi
ment Farm. 

(ii) B est Conditions of Storage of Pears.-The 
offec,ts. of delay before stornize in Williams Bon 
Chretien and Packbam's Triumph were investigated for 
seve!·al )'.ears and_ led to experiments on the physiology 
of r1penmg, p~rhe~larly on the changes in respiration 
rate and •protein mtro~en content during the ripening 
processes. 

(iii) Control of Wastage in Oitrus.-Tbe use of 
sodium orthophenyl phenate as a dip to control mould 
wastage in oranges has been most successful and has 
been adopted as a standard p ractice by the co-operative 
packing houses of the New Sou th Wales coastal 
dist1·ict. Further work lias been continued to improve 
the method still further. The alternati,re recom
mended trea tment, i.e., wl'apping fruits in •paper 
impregnated with diphenyl, has pi·ovcd ~atisfactory in 
commercial trials and tl1e minimum content of diphenyl 
per wrap has been specified by experimeut. 

"\Vork on lemon storage has been continued, particu
larly with exipcl'imen ts using field sprays at critica l 
stages <luring the <levelopmcnt of the fruit, to minimize 
the fungus which causes stcm-en<l r ot. Oombination of 
the appropriate field spray and the post-harvest dip 
treatment for tbe fruit suggests that win ter lemons 
may be stored for firn to sh months without much loss 
duo to stem-end rot. 

Work on the <leYelopmcnt of quantitative methods fo1· 
determining the fungal spore load of fruits in natural 
conditions has been continued in collaboration with Dr. 
T. B. Kiely of t,hfl New South Wales Department of 
Ap;ricnlture. 

The influence of orchard factor s on tlw keeping 
quality of oranges bas been studied further by com
parison of fruits grown under different conditions on 
Fnrm Block 466, Griffi th (in collaboration with the 
Irrip;ation Resear-ch Station : see Chapter IV .. Section 
3 (b)). 

Two important factors have renewed interest in the 
low-temperature storP.ge conditions fo1· oranges: firstly, 
the increase in Queensland fruit fly in citrus growing 
areas of Australia, and New Zenland's reqnirement 
that fruit from these areas must be held at low tempera
ture for some da.vs, an<l secondly, the possibility of 
extending expor ts to morn distant markets overseas. 
Considim1ble variability in the degree of injury bas 
been observed in oranges from different sources stored 
at or about 32° F. for quarantine sterilization against 
the fly. 

(iv) Cont1·ol of Fruit Fly.-Tbe increase in spread 
of Queensland fruit :fly in eastern Australia lrns 
inrrea~ed the need for post-harvest treatments which 
will kill the fly in fruits to be sent to markets where 
some such sterilization treatment is required. While 
satisfactory fumi1i:ation methods have been developed, 
some further experiments are neC'PSsnry to assess the 
dnn~er of injury to the fruit itMlf, and experiments 
nrc continuing on low-temperature treatment and its 
tendency to injure the fruit. 

9. CANNING AND FRUIT PRODUCTS. 
(Division of Food Preservation and Transport.) 

(a) Vegetable Oanning.-Pea canning investiga
tions were continued in Tasmania and Ke,v South 
Wales. Work at Devonport consisted of a large-scale 
crop analysis trial, the chief object of which was to 
provide samples of peas of known history for detailed 
chemical analyses by the Plant Physiology Unit. 
These results may provide a basic ex1>lanation for 
sii:rnificant changes in maturity previously recorded by 
the maturometer technique. Samplin11: was continued 
over a longer period than in previous seasous in order 
to evaluate the curve for ri1penin~ from the earliest to 
the latest sampling t imes within the limits of the 
maturometer. The cm,·e proved to be quad1·atic, and it 
may be assumed thnt clrnngc in direction does not 
occur until the peas nre approachin~ the seed stage. 
Wl1_en considered o,•cr the se,·cn days prior to the 
optimal linrvest time the stro in-ht-line incrense in 
maturation typical of rinening cn~res in previons years 
was obtained. Since this portion of the cmve is nll
im;iortant in maturity prediction, further confirmatory 
evidence was obtained of the validity of the C.S.I.R.O. 
prediction technique. · 



The practice of canning sizc-gmded peas has in 
recent years beou superseded by the ungraded pack 
from which the overmatnre fraction has been removed 
continuously by gravity soparntion in a quality grader. 
Some prclimina1·y work has been commenced to cou~
pare the relative merits of ciuality control by mechan!
cal size-grading :rnd b,y graYit.y grading, since it 1s 
possiblP, by suitable modification, to use the mecha11ic11l 
gnulcr 011 tho -contiunons flow principle, instead of by 
the costly intermittent •procedure hitherto adopted. 

At n ichn10Hcl, New Sou1;h "Wales, w ith the co
operation of the New Sou th Wales Depiirtmen t of 
Agricult.ure, ill\·cstigations into the operation of pea 
rincrs were continued. The amount of damage or 
tcmlerization of llCas as measured by the rnaturourntcr 
increased r egularly with uniform i11crcasn in viner 
speed. This rnsuH -confirms observations made prc
l'iously in the United St.ates of America. 

The dncicncy of viner recovery at different speeds 
was iJJvcstigated and maximum yield "·as obtained at 
npproxinrntl'l.Y 180 r.,p.Tn. S ince tl.Je rate of change of 
maturomeler reading- is ahont 0.54 per 1 r .p.m. change 
i11 viuPr speed it is suggested that, samples should be 
,·ined at 170 l'.p.rn. to rcrluce errors in the prediction of 
tho hm'\'<'St. date to a millimum, owing to varying ten
clcri7.inp; cfferts wlien vi11e1·.s arc run commercially at 
speeds in the range 150-l 90 r.p.m. Under these con· 
ditions the maxim um error woulrl be less tlrnn half n 
day in the timP of h:nTest. 

Fur t.her studies of appropriate harvest maturity for 
green beans have been conducted, having regard to 
the adoption of mechanical lrnrvesting for commercial 
ranning crops in Australia. Changes in yield and com
position of ripening crops indicate that tho alcohol
insoluble solids determ ination is likely to prove, the 
most nseful maturity index of thosP under investiga
tion. '\Yhcn this point has been satisfactorily deter
mined large-scale trials will be commenced in co
operat ion wit.h a selected cannery. 

Tomato trials were undertaken at two centres in 
N cw South Wales to establish a valid technique for 
the comparison of canning and pulping varieties. An 
at.tempt will be marle to compare the va1·ictics tested 
by summation of selected factors over tlw whole of 
the y ielding- season. 

(b) Fn.1,it Can11ing.-Work with apricots aud 
peaches previously described was continued. Confirma
tion was obtained of the ability to hold Trentt apricots 
satisfactorily for fou r weeks at 32° F. An attempt 
to determine the ill'flnence of crop sizA in a tree 
stripping and ripening trial was ineffective hecause the 
fruit was harvested in au immature condition. This 
experience further highlights the pressing need for 
some physical means for the rapid assessment of 
maturity to replace personal judgment upon which 
the present wor k is dependent. A fruit pressure 
tester has been designed and constructed for this 
purpose, and it is proposed to accumulate data on its 
performance in the coming season. 

Major problems in solid-pack canned apples now 
appear to have. been solved and recommended pro
cedures have been adopted by T asmanian canners, 
whose pack now compares favorably with correspond
ing 11:r a.des of overseas packs. The work is being pre
pared for publication. 

Further data have been accumulated in relation to 
quality specification of berry pulps. Varietal trials 
wit-11 canned raspberries, combined with tests on 
various s:yrnp strcn~ths, have been compl eted. 

ProcPdnres for i111provcme11t of colour and flavour 
of carmed winter pineapples were investigated i n co
opemtion with the Department of Commerce and 
Agriculture rmd the Committee of Direction of Fruit 
M arketiug-. The me of heavier syrups gave a decided 
improvement in flavour a11d 0110 of tlie techniques for 
rolour imnrovement showed promise. Furtl1<'r work 
will nMd to b<' 1mdertaln'11. 
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(c) Fruit J uices.-Imestigations on the effects of 
rootstocks on the occurrence of bitterness in canned 
orange juices have now been conducted <luring :five 
seasons. R ootstocks for Navel oranges may be grouped 
as follows according to their influence on bitt.er11ess : 
Tangelo, Cleopatra M andarin, o.nd Poncil'lls lrifol·iala 
stocks girn the least bitter juices; Sweet OraiJ1Ye stocks 
give juices of intermediate bitterness ; and° Rough 
Lemon and various Lime stocks give the most bitter 
juices. 'With Valencia oranges, 011ly three rootstocks 
were studied. and the order of increasing bitterness in 
tho processed juices was Pon c,irns ti-ifoliata, Sweet 
Orange, and Rough Lemon. The level of bitterness 
in Valencia juices is generaUy lower than in Navel 
jniccs, but canned Yaloncia juices from Rough Lemon 
rootstocks may be sign.ificantly bit ter 11t the peak of 
the season in Octobcr-N ovember. 

Obemica l studies 011 lirnonin, the bitter pru1ci ple of 
ornnges, ha \·c progressed to a stage where it is possible 
to set out a tentative formula for the compound. It 
nppears to consist of a saturated n:iphthalcnc nurleus 
to which are attached two stable lactoue rings and 
tl,ree cyclic ether or acetal groups. 

(<l) C'O'l&tainer l nvestigalions.-Inrnstigations ou the 
rcla1:ion between colour loss and iron pick-up in 
lacquered c.rns containing beetroot were continued, 
using test packs of acidified beetroot in place of the 
previous acidified extract of beetroot-tissue test 
medium. 

The effect of different init ial oxygen contents, 
resulting from variations of vacuum and l!eadspacc 
levels, on the production of l1ydrogen gas is being 
studied, using test packs of acidified beetroot. Early 
results indicate that a high initial oxygen content 
gi,,es au iucrease in the amount of hydrogen _produced 
from the corrosion reaction over a given storage period. 
This r esul t explains some earlier observations during 
e.xamiuations of hydrogen swells which iudieated that 
some foctor other thau the diffcrenc•~ ,11 initial vacuum 
levels alone was contributing to l,ydrogen swell forma-
1ion in highly corrosiYo products packed in lacquered 
eans. 

SeYeral new lacquer s were fotmd to ha..e Yery good 
resistance to both acid- and sulphur-staining products, 
1md show promise as universal can l acqners. There 
are several difficulties associated with the application 
of these lacquers which at present r estrict their com
mercial use on 11 wide scale. In co-operation with the 
Commonwealth Camnnkers' .Association, te.:t packs haYe 
been made to inYcsti~ate the perfoTmance of electro
lytic tinvlate of 1 lb. per base box in containers for 
Australian cunned foods. It is expected that this plate 
in the form of "differential tinplate" will ultimately 
replace most of the currently used bot-dipped tinplate 
of 1.25 lb. ver base box, with consequent reduction 
in tin consumption, and heuce in the cost of tinplate 
containers. 

Changes in vacuum levels in test packs are being 
followed by a specially designed external can vacuum 
tester, a novel feature of which is its end-point indica
tion. A provisional patent for the instrument has 
been obtained. 

10. DEHYDRATED Foons. 

(Division of Food Preservation and Transport.) 
(a) Vegetables.-Processing factors relating to the 

dehydration of green peas are well established but few 
data are available on factors affecting storage life. 
Consequently exper iments were commenced to provide 
information on the effects of moisture level and gas 
packing. 

The reconstitution of some dehydrated peas is 
ad_vorsel.}'.' affected b;y: the lock of pcnueability of the 
dried skrn. Processing treatments to make t.lie skin 
more permeable t.o water haYe been hcgun. 
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A method of processing recently tested in the United 
Stntes ot America involves initial partial dehydration 
followed by ti·eezing. 1'his method-" dehy<lrofreez
ing "~has been tried b;y llsiiig green veas and s\veet 
c6i;1i and has been found to be satisfactol'y. 

(b) Fmit.-Exne1·in1ents dealing with the factors 
affecting the uptake of sulphur dioxide gas by cut 
fruits before dehydration were continued. Info1·ma
tioi1 has been obtaii1ed on the effects of varying tem
perature in the sulphuring chamber, air movement over 
the fruit, iui<l the skin as a barrier to sulphur dioxide 
penetration. .Additional data have also been collected 
011 tlie otfoct of size, variety, maturity, altd storage 
fnctoi·s. Apricots, freestone and clingstoue peaches, 
hi.d Jlilai;s have been used iii the trials. 

At the reqi.lest of prune-growe!'s' organizations, 
experiments ha1:e been commenced on methods of pre
vention of mould growth in jJrtrncs of hfo;l1 moisture 
c!oiltent. Tl1eM involve the i.1se of epoxicles as fungi
cides in seaied "moisture-proof" bags. The chief 
fa~tors ,rteediI_ig study are ( i) concentration of fungi
cide, (ii) 1noisttire lexel, and (iii) type of contai11et. 

Apples nre normally dried ii1 ki1ns ill T asm;mia. 
Recently requests have been made from that State 
for infoi•tnation on impi'oved ni•ocessing methods and 
types 6f dehydrators silitable for dr:vin.e: tl1is product. 

(c) llfeat Deh11drati01~.~(i) DehJ;wrated M11tlon 
llifince.~With inrnroved processing and packing tecb
niQues stora_g-c studies are of necessity of a long-term 
natui•e extending over periods of two to t11ree years. 
For this reason some of the, storage experiments 
~escrihed in previoils Reports arc still i11 progress. 
Included in this group are two experiinents, one 
clesi1med to obtain n measure of the effects on Qnnlity 
of different levels of oxyrren in ~as-packed material. and 
the other clesirrned to determine the effects of certain 
flavouring additives incorporated in the packs. 

DiffeNmt t_vues of deteriorative cl1a11ges take place in 
drirrl mrat during storaice and an attempt has been 
made to limit one type of deterioration by treatin~ the 
meat prior to packing: with sulphur dioxide. The first 
storage examination has not been made yet. 

(ii) DehJ1drated B eef Mince.-'I'he aim of these 
investi1wtio11s is to determine whether processing and 
packing terhnianrs clevelonerl for dried mutton mince 
apply equally well to beef dehydration. 

11. Fno7.EN FRUITS AND Vi::oETAnL1,s. 
(Dhtision of Food Preservation and Transport.) 
Investhrntions 011 the freezin!l'. of fruits am1 vegetables 

and the storage of fresh fruit are conducted jointly hy 
tho Division of Horticnltnre, Department of Ag-ricnl
ture. 11nd the O.S.I.RO. Division of Food Preservation 
ahd. Tiansport. 

(a) Pr-aches.~Results of experiments on freestone 
penches surr!!'est that an ascorbic acid level of 150 mg. 
per 1-lb. pack is snfficient to prevent serions bro,vning. 
A lower concentrntion of 75 mg. per 1-lb. pack was 
intermediate in effect hetwecn the O and 150 mg. 1cve1s. 
There appeared to be no advantap;e in using a eon
centrntion higher than 150 IDI!. per 1-lb. pack. These 
results are based on three varieties of pencbes, ,e:rown 
in one s<'ason only, and therefore must be r egarded 
as teutath•e. 

(b) A pricots. - Further iT1forma tion has been 
obtained Of\ the amount of snl nhnr dioxide necessary 
for n- satisfactory produr,t. Initinl eo11ce11trntinns of 
'15-1 no p.p.m. for syrnp-type packs and 211-30 p.p.m. 
for dry sutr::n--tvne nach are sn!!'ge~tPrl. Dinning 1')1·0-
cedurefl to e-lve vario11s levels of snlnhur dioxide lrnvc 
bMn det1>1•m;nerl anrl ann11r1>nt lo~~es of sulnlinr 
dioxide ~:1ring freezing, stora.~e, and tlrnwi111?: hnve 
been ~tn,hed. 

( c) P i1teav11z,,.~.-S11ga1· is Mmmnn 1v H<l,fod, eitlwr 
as svriin 01' as rlrv ~11!!'n1'. tn fr11its before freei:iJH~. Tl1<1 
results of sevei•ttl years' expe1·irne11ts suggest tliitt, witl1 

pineapple of the correct maturity, the addition of sugal' 
is 1¼,ot essential .for the maintenance of good quality 
duhng storage. The overseas .mar~et, how!!ver, still 
~ppears to prefer the sugh1'-packed fruit. 

(d) Ber1·y Fru.its.-Tests of varfetie.s and methods of 
packing berry fruits for freezing ha~e beeh. continued. 
The raw material has been supplied by the Tasmahian 
Department of Agi·iculture and the Organization's Taa
maninu Regional Laboratory. 

( e) Peas.-Thc problem of deterioration in ra,v 
peas between "vining" and processing l~as been further 
investigated. It is now jlOssible to estimate the_ prob
able degree of cieterioratioh ocelm-i'ng during differe~t 
periods of delay artd to suggest the extent t_o Which 
tilis can be checked by the use of " Pte-coolirtg ". 

:M:attiri ty studies in a commercial plant hav(l. pro
vided useful data on the evaluation of quality-control 
methods. Sam1)les collected will be used for ftirther 
work on the determination of optimum maturity of 
frozen peas. 

(t) Sweet Oorn.-Invcstigations to determine the 
most desirable stage of maturity lire still in prog1·ess. 
From recent work, it appeal's that the moisture con
tent should he close to 75 per cent. f~r best quality: 
The effects of blanching whole-kerne1 corn on and 
off the oob have been compared und the inflnence of 
wasl1ing corn a'fter blanching and of freezing in the 
loose form has also been studied. 

(g) F1·eezing R ates.-Some studies of freezing rates 
of vegetables frozen in an air-blast freezer have been 
made. ' I r.."j 

( h) Paal.ag'in,q.--=Tests of several flexible plastic 
materinls as packages for frozen veget.ables are stiU 
in progress. 

12. WrNE. 
(Oenological lnvestigations, Waite Agricultmal 

Research lnstitutc.) 
Tho investigations clil·ectcd by the Committee on 

Oe11ol o1i:icnl R esearch nre carried out at the Waite 
.Agricultlm.il R esearch Institute and are concerued 
with technological problems of t he wine industry mtd 
impl'od11g the quality of Australian wines. 

The present investigations comprise a sttid.v" of the 
treatn1e11t df wines with ion-exclian~e resins and a con
tinm1 tioil of the work on bRcteriai changes occurring 
dnri'ug tlH:i matm'ntio11 of table ,vines. 

(a) Wine Yeasts.-The work on this suhiect has 
now been co11eluded and is in the collrse of publication. 

( b) Treatm,en.t of Wines with I on,..exchan,qe Resins. 
- This work wns 11nclertaken in an endeavour to pre
vent the precipitation of potassium bitartrnte in ,vi11es 
after bott1inrr. and to stucl:v the other effecits of such 
trentment. This 1Jreefoitation is one of the major 
problems of the industry and t11e current me'tl1od of 
tl·eatment requirrs lnrge-sca1c refrigerntion whirh is 
very expensive. The work was !>11ccessful and a method 
of treatrnP.ut was develoned wl1ich 1wevented nrecipi
tntion and did not adverse1:v affect flavour. Tlie cost 
of tho treAtment is apnroximately 5 per cent. of the 
cost of refrigerat ion. A patent apnlir.ation. bas been 
mnde for the process. Some wines which oontainrd too 
mnch acirl have bren treated witlJ appropriate dencidi
fying resins a11Cl have been ~reatly improved in flavour 
ns a result.. Ion-exchange treatment also can~ed ~ig--
11i:ficat1t rerl1rntio1i. in tlie metal content of wines, but 
a irrentPr reduction than that obtained w011ld be desir
able. Snme of t.his work was carriP.cl out in co-opera
ticlJl with commercial wineries and it is likel.v that 
ioii-exclHmite trea tmeil t will be adobted connnetoially. 

(c) lifolo-laclic Feniienf.rdfon.-The cultures pre• 
,1io11~ly isolated were tested f oi• their a liility to bring 
n l1out. tlie f el'melltation in wines of clifferin"' aciditv, 
Hnd furt,1,er wines were ex1nnined for the phlsence ~f 
tl1e fermentation. 



13, D,mtY PnooucTs. 

(Daii·y Research Section.) 
(a) Genernl.-Projects which have made pa1'ticu

lar progress during the year include those on the 
c1'eatio11 of ne\V food forms for the nutritionally valu
able no11-fat solids of milk, studies on the :flavour 
chemistry of dairy foods, nnd cheese starter 
imestigations. 

At the end of tl1e yea.1· the Section is in process_ of 
moving into the new laborato1•y and pilot-plant bmld
ings at Highett, Victoria. A major acquisition has 
beeil a 400-ti.l be freeze dryer, which has per~it!ed ~he 
preparation of cheese starter cultt1res for d1str1butio11 
by State Departments of .Agriculture t o cheese fac
tories th1·oughout Australia. 

A technical communication on The Fat Globule 
.Membrane, written by Dr. King at the r~quest of the 
Bureau of Dairy Scie11ce, has been published. 

'i'allcs were gh~eu by officers of the Section to scienti
fic and technical meetings in four States. A 
demonstration of the wol'k of t he Section was given nt 
the Better Foods Exhibition lrnld in Melbourne in 
January. 

Rese;rch on milk proteins at the Faculty of Agri
culture, Sydney University, lias been given financial 
support. 

·Close co-operation has been maintained with State 
Departments Q,f A!!:ricnltme, with the Queensland 
Butter lviarketiiig Board, wit11 many daiJ-y mannfae
turin_g compa.11ies1 and witl1 the maior dairy engineer
ing firms. The assistance !!iven in many ways by 
these ol'g,-nuizations is gratefully aclrnowledged. 

(b) The Utilizo+ion of Slr.im-milk Solids. ·-The 
special form of milk powdr.t· posses~ing some of the 
properties of ei?e:-wllite has been produced nuder cnm
mcl'cial eonditinm in batches of several tnns. The 
11rod11ct is 110w bPing mnr1rnted for ll~P hy the paf'try
cookiuo• t rade and in tl1e ho11sel1nld. The milk pnwder 
for u;; in sponrre c11kes wa.s furtl1er imnroved and 
adanted to larire-srale prod11ction by r t>nlncine: the 
carl1onatc mixture i11 the f'ecoml f'tll!!C With nho~phate 
b11ffer solution. Bakh1a: trinls w:ith eonimnent u~ecl in 
wl1olrf'nle r11 ke manufacturing are g iving vm·y sntis
factoi·y results. 

'8evera1 nsnects of t he nroce:::P.es m;ed in m11kin~ tliese 
snecin l milk nowdei·s a1·e movina: of scientific interest. 
The 1'1foillnrd reaction between casein and lactose has 
been fnnm1 to take nlare dming the trentment of con• 
cen trnt ed !'kim milk with lirnc. and to lle deti·imentnl 
to t.lie nun litv of the rnerimrne pomler. Viscosity 
curve~ foi· both enfoinm hyrlroxirle and sorlinm hexa
metnnl1osnh11te tre11tme11t of milk concentrnte nnss 
tlnolmli a n111xim11m, m,d tl1e role of lactose in these 
reactiom iR heing- investigated. 

( c) Sfoln:Uty of Vitamin A i n Non-fa.t M1Tk Powder. 
-ThP rlietetic v11 l110 of non-fat milk p.ol;rls bnth in 
A ur-t,rnlin and in tlie Asiatic co11ntriP~ is little inferior 
to tlrnt of whole milk. Tlie mn in rlifference is in t he 
vitamin A contrnt, anrl if this deficiency were cor
re,..tPrl nnn-fat milk solirlf' wnnlcl hP.come an 1wP.n mnre 
vn lun ble food at p,-t,remP.lv low ni-iM. Svntl,rtic vita
min A is 110w rP"di]y availnl,le. lint the m·ohlr.m is t.o 
arld it to thP milk nowder in i,ncli a wny th11t it will 
not. he ]o.~t by oxirlatinn dnrinrr ~torntre. "Rv 11Qin~ 
hvil1·o[J"PTiflted coconut nil as a ypl1icle anrl fl<lni,1q Pnihlc 
a~tio,.,irl11nts. a ve1·y f'tfl ble con<liti011 of tl1 t> ,,;tnmin A 
hns hPPll acl1ieved : aftei· :-ix montl1~ at 4()0 0. rnm·c 
tlian ff() ner r<-1nt. oft.lie vitamin rAmAirn,. The. methods 
are l,ninff Annlied in commercial-scale tests. 

( d) Qj;ida,tion Defects.-Oontinuation of the illve~ti
o-n.tion of the chemiral componnrls responsible for 
~xidized -flavour in milk has clarified the import.irnce 
of tbc 2.4-dienals. D ecomposition of some 2,4-dinitro
phe~ylhydrazopes has been found to take place on 
silicia adsorption columns. 

When ascorbic acid is added to washed cream 11 

strong oxidized ~avotir devel?ps. This ~as ?een fou~d 
to .taka place ,v1thout per_ox1de format1011 m_ the fat. 

A dc-emi.Jlsificatioh technique has been de~r;loped 
for l'npidly and simply obtainillg the fat from nulk alld 
cream for determina tion of -its peroxide value. . . 

A defect in the nature of a fishy flavour which 
devolops in some samples of buttet' _fat when t!·eate1 
with an antioxidant (nordihydroguaiaretic acid) and 
citric acid in propylene glycol is being __ investigat'3<l., 

(e) Structure of .Dairy Products.-Tbe state of dis
persion of the fat in condensed milks was investigated 
liy means of fluorescence microscopy. A roeth!]rl of 
differential staining with fluorescent dyes was elabor
ated for milk powders, permitting an insight into the 
distribution of the fat in the powder particles as 
affected by different mau ufacturing processes, and by 
conditions of storage. The dye acridine oran~e was 
found to give a double fluorochroming in milk, the 
fat showing a green and the protein an. orange 
fluorescence. 

Observatio11s were made of tlic microstruoture of 
"i11sta11t soluble" milk powders, and of the detailed 
mechanism of milk reconstitution. Alcohols were 
observed microscopically to provoke crystallization of 
the lactose in dried milks. 

(f) Cheese Sfrirters. -A l_ysogenic strain . of Str. 
lacti.s in successful commercial use fo:r some time was 
attacked in t urn by two new pha!!e race~. The study 
of the host-phage 1·elntionsbip of this strain, anJ its 
related for111s, l ed to importa11t observations on the 
p1·od11ction of h,ictcriolytic enzymes at the time of 
ly$iS by phage. These lysins a-ffect l10terologous strains, 
and tl{e pl1enornennn must be oonsiderecl in all studies 
on tl1e cornpatahi1ity of bactcl'ial strains for use in 
cht>P~E! starters. 

N ew strains of heat-tolerant lactic ae:i<l bacteria 
suitable foi· use in the sliort-time cheese-making pro
cess are hring sou~ht. 

( q) Cheese Ma.nufactnre. - Studies on the new 
methocl of cheese manufacture have been directed to 
the influence of pH and moisture in the cheese after 
pi-essing on t.he snh~erment r inenine: of the cheese; ~o 
the role of t.l)e ordinary starter a11d of Str. du,rnns 1n 
controlline: pH; to the ontitnmn. cooking temperature; 
to the retention of calcium salts and of lactose; and 
to the precise treatment to which tlie cnrd must be 
subiected to irive tlie desired physical uroperties. The 
latter infon~ation is nerdecl as a basis for the studies 
on tlie me{';hanization of the process which are now 
proceedinir. 

(h) Mill.~ Drinks.-Information has been collPcted 
a.nd teclmical imnrovement ~onJ?ht in the fi elrl of 
flavo11red milk drinks, rnaltP<l milk (uartic>,nlarlv froth 
stabilitv) homoirenize<l milk, and 1wonstitntPrl milk. 

( i) Tof.nl Soli1s Detl!rrn11111fi.nn.-The )'Plia bilitv of 
tbc specific gravity a11d fat tes~ as a~ rnd~x of the 
total solirls content of Australian milks 1s under 
investiirn tion. 

(i) Jl1i.~r!!lln.nem1,s.-Othe1: terhniral . an? ilrip11tifi.c 
matters wliich bave been [!"iVC'll attrnt,n"r"\ ll'cln<lp the 
use of deter!!ents in fllt, e~timation: tl1P "lll'i<l-11mi<le_" 
t est for casein; solubility and disner 1<ihility of milk 
powders; and public acceptance tests of reconstituted 
milks. 

14. Dnrno VINE FnutTs. 

(Commonwealth R esearch Station, Merbein.) 

For tbr 19nn liarvrst several lR1'trP-sc>nle trials of the 
comme1•eial oils n~ed for tl1e colrl clinninlr of sultanas 
sl1owr<l tlrnt o 11 oils possessed similar drying rates and 
p1•0<l11rPd fruit of the :.>nme 0 1rn lity. . 

Trinl" '"·e1•p. marlf'l nt. Wnn1•inPn 011 the bot snlnhite 
dio to dPtermi110 the effeC't of tbe a11,ali r•on,..eiitration 
of the dip and the temnorature of nippii:i~ on the 
storage qualities of the fruit, particularly with respect 
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t.o stickiness and sugaring. A surprising result, ,yas 
that a boiling dip of low caustic soda concentrnt10J1 
did not severely crack tl1e skin of the fruit as expected 
nnd gave rnry' even and rapid drying with extremely 
good mould control. 

Since 1951 it lias been recommended that the 
alkalinity of the cold dip fol' sultanas should be main
tained by the addition of caustic pot.ash to give a 
faint blue colour with a thymolphthalein test paper. 
Weight triv.ls made this season showed that the drying 
eapacity of the dips is independent of the pH of the 
dip. This work also indicated t.11at thymolphthalein 
papers do not give the true pH of the dip so tliat tlie 
use of indicators in solution may be neces$nr_y. 

Visitors to the Division also increased b_y approxi
mately 20 per cent. to 1,900. Inquirers ha\1e shown 
particular interest in timber from countries north of 
Australia. These tropical timbers, representing a 

- great number of species, are likely to Le imported into 
Australia in increasing quantities to meet the deficiency 
between local supply and demand. Australia i.s a 
logica l market becnuse, in addition to its geographical 
position, it is predominantly a hardwood-using country 
and is well experienced in using timbers with similar 
properties probn bl;y fo 1· a widet· range of uses than any 
ot.her country. 

The Division lost, a110thcr officer of wide experience 
in Mr. Alan Gordon, Officer-in-cbarge of the Veneer 
and Gluing Section, who left to ta kc a senior position 
with a New Zealand company. He was also Executive 
Officer of the Wooden Case Resea rch Committee. 
This loss, with the transfer of some officers to more 
fundamental work, has lef t the Division vulnerable on 
tbe applied side, oncl it has been only with the greatest 
of <lifficulty that all urgent demands for work in this 
field have been met. Such a_pplied pi-oblcms ha.vc 
included the kiln drying of t imber and ,·enecr and the 
design of suitable kilns, tlrn preserntti"c trnatment of 
klinki pi ne in New Guinea, tannin extraction from 
mangroves, tannin formaldehyde adhcsi~·cs ( in conjunc
tion with the Division of Industrial Chemistry) and 
sawmill design. 

The 1955 hanest was noted for t.be la1·ge nmotmt of 
damage done to crops by mould. It was found that 
sodium sulphite iu small concentrations had no 
hc•neficinl effect in mould control in sultanas. Under 
the conditions of experiment,, mould was confined to 
the damaged fruit and did not spread mHler Wflrm con
ditions eYen if humid. 

J3nsed on previous lnboratory experiments some trials 
were done on the <lipping of gorclos with the object 
of d.etermining the effect of potassium ancl sodium 
compounds and dipping oil 011 the descecling !]Ualities 
of the dried fruit. 

F undamental physico-chemical stndie:i lrnYe been 
.,ta r ted to determine tl1e rnechnnism of the dryiug 
process. Drying experiments in a sipecial apparatus 
designed to prO\·ide controlled conditions of tempera
ture, humidity, and air-flow rate, show that the com
plete drying of a grape occurs in thrne distinct stages 
for each of which there is a linear rela tio11ship between 
time and the logarit:hm of the water content of the 
grapes. The :first discont.inuit.y occurs at roughly 30 
per cent. loss in weight, corresponding to the stage 
where the overall elastic cont,rnction of tJ1e skin ceases 
and the skin wrinkling hegins. T he second discon· 
f.iuuity occnl's at the stage where moisture content of 
the grape is about 23 •per cent. Experimeuts on peeled 
grapes indicated that the water movements within the 
grape during clryin.!'{ are fast relntive to the t ransfer 
through the skin. 

Experiments in which sultunas were treate,l witJ1 
petroleum ether to remove the cntiele and then clipped 
in aqueous solutions of surface-active agents indicate 
that such agents incorporated in dips act mainly as 
emulsifying agents. 

XIV. FOREST PRODUCTS. 
1. GENERAL. 

Australia is not a heavily forested country, although 
11 wide range of eucalypts and other species of timber 
is avail able. Full and 'proper use of existing timber 
resources is therefore essential, and this can only be 
achieved with the aid of fundamental data on the pro
perties, potentialities, and correct methods of treat
ment of our timbers. 

The Organization's Division of Forest P'roduets, 
with its laboratory in Melbourne, was formed to carry 
out investigations on Australian forest products and to 
give direct assistance to all concerned in the utilization 
of fore!1t resources. Its work is directed toward the 
more effective use of those resources, by reducing waste 
in forest, mill, and factory; by reducing losses from 
decay and insect attack; and by im,proving the quality 
of timber produ.cecl in the growing forest hy the study 
of the relationship bet.ween silvicultural treatment and 
timber products. The work of the Division is reported · 
in this chapter. Some work 011 timber pests is under
taken by the Division of Entomology (.~ee Chapter 
IX.). 

Divisi01~ of Forest Procluci's.- 1\r oocl-using fodustries 
have contrnued to operate at a high level during the 
year ... There has been an appreciable increase iu 
mqmnes and tl1ese reache<l t.he l'Ccord figure of 9,000. 

The demonstrations on the preservative t1·eatmeut of 
fence posts have continued and are arousing increasing 
interest. 

The Wooden Case Rescarrh Committee has been in 
operation during the _year nnd research with cont.i-ibu
tions from industry has been continued. It was hoped 
tlrnt this work would lead to the industry taking greater 
responsibility for its own research. 

D-uring the _year a {'.Ommittee was set up with reprc· 
sentativcs of pole-using autl1orities, for forest service, 
and the Division, to study tl1e need fo r exveriroental 
work on the design of poles. The committee considered 
that work was urp.;ent and a workil1g plnn hns been 
prepared and approved. 

The Cliief of the Division1 Mr. S .• \. Clarke, visited 
New Guinea in L\ugust., 1.9:i4, and was a delegate to tl1e 
Third Session of the I?.A..O. Asia-Pacinc Forestry 
Commission held in Tokyo in Ap1·il, 1955; Dr. H . E. 
Da<lswe11, Assistant Chief of the Division and Officer
in-cha.rge of the Wood and Fibre Structnrn Section, 
was official Australian delegate to the VIIIth In ter
national Botauical Oongress1 Paris, July, 1954. Mr. 
H . G. Higgins of the Wood Chemistry Section left 
duriug May for a visit overseas, ancl attended the Con
ference of German Technical Association of Pulp and 
P'aper Chemists and Engineers at Baden Baden. 

Overseas visitors included timber scientists from 
England, New Zealand, United States of America, and 
Indonesia; and a number of students and Fellows from 
overseas were working in the Division during the year. 

The Timber Mechanics investigations at the 
En~ineering School of the U niversity of Western Aus
tralia have been continued, although hampered by the 
difficulty in obtaining research staff. For some· time 
the work of the Wood and Fibre Structure Section has 
given leads to desirable physiologica] imestigations. 
Recently arrangements have been made for -physiologi
ca 1 studies, particulnrly related to the formation of 
tension wood, to be carried out in eollaborati.on with 
t.he Botany D epartment of the University of Sy<lney. 

The Fourteenth Pulp and Paper Oo-opera.ti1re 
Research Conference wa~ held nt tl1e Division in 
}fovember, 1054, with a strong representation of tech
nical men from tlle four paper companies wl1ich make 
financial contribution to this work. 

Tl1e eorrespondcn-cc com·sr.q iu srasoning were con
tinued; !I. seasoning class was h eld iu Adelaide in co
operation with the Timber Development Association; 
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and courses of study at tl1c Division were givru to 
forestry students. The Forest Products News Lettcl' 
which reports technical progress in populnr language 
was issued at regular intervals. 

Courses of lectures were given to stud1rnts of architec
ture, forestry, building science, industrin l 111anagcmc11t, 
a nd Janel surl'Cying, and lo engineers of the State 
Electricity Commission, Victoria, nnd indfridual 
lectures to branches of A.P.l' .I.'T.A., to tl1e Institute 
of Foresters, to t,hc ,1 uuior 0!111mber of Commc1·cc, und 
to school groups, &c. I n nclditiou sornrnl broadcasts 
and demonstrations were given aucl orgnnized p:i r lics 
were shown o,·cr tbc D id~ion. 

A pleasing feature of the relationship o f the Division 
with indust rv has hecn the wnv in which firms and 
individu:ils hnvc expressed thci ;: apprreiation of help 
gin)111 by contributions to thr funds of the D ivision. 
Thc!;C miscellancons contrihntions tolalled £2,000 for 
the year. 

The help anll co-operat.ion of lhc paper companic.'!1 
the wooden cn~c industry_. the Commouwralth Forestry 
and Timber Bureau, the Stntc Forest Scnires, the Kew 
Gninen Dtipartmen t of Fornsts, nnd of all othc1· 
branches of the timber and allied induRtrics, are gratP
full,y nc!rnowledgrcl. 

2. ,voon ANr> .FmnE STnuc·ri:m:. 

(Di,·ision of Forest Produds.) 
(a) Analomical b wcsli.gations.- (i) lJTood. - O£ 

interest has hccn the examination of specimens of 
J\"oll1ofn,qus from New Caledonia, collected hy one of 
the ofliccrs of the Division during a recent Yisit. Thc 
anntom:v of these comparrcl ll lmost r x11ctly with tllllt 
of the New Guinea reprcsrntatiYcs of the genus, thus 
supporting the bota II ica I l'Yidrnec. Work on timLers 
of the Flacourtiacrae :rnd Cnnoninceac from the soutl1-
west Pacific area has hccn completed and is being 
prepan id for publication. The next fnmilies in tl,i~ 
series being studied are the Burseruccae and Sapin
dacene. 

(ii) Barl,.-Tlte collcrtion of 1,5iG specimeus of 
275 diffcj'(Jnt species of tl1c gc11ns E'·ucalyphts hns been 
the bnsis of a very comprehensive study of eucnlypt 
bark anatomy, <:OYering species in the bloodwoo<l, 
peppermint, box, ironbark, and striugybark groups; nnd 
those spe~ies with oil glands and with r:idinlly elongated 
phollodcrrn. Tho anatomy of bnrk lrns been found of 
pnrticnlnr aclv:rntage in tl1c invcstiga tion of hybrids of 
which some 42 have so for been examined. 

(b) I dentifications.-From trnde sources, indivi
duals, and various Governmi>nt depnrt.ments through
out Australia, some 700 timber specimens were 
examined and identified during the yenr. Also over 
800 specimens of New Guinea timbers were examined 
to assist botanical determinations of material ,collected 
by the C.S.LR.O. Land R esenrch and R egional Survey 
Section. II~. connexion with a survey being carried out 
by the Section of W ood Preservat ion, some 100 hous9 
stumps have so far been identified. Several additional 
copies of the card-sorting key for the identification of 
families or family groups have been prep11red for othi>r 
laboratories. 

( c) T ension W oorl.- T hc cxtensirn structural 
i11vcsti~ations of tension wood fibres already carried 
out and reported lrnxe form ed the ba!'is for tl1c oxnmi
uation aud explnnation of many of the 11lrnornial 
and often tmdcsirnble properties of tension wood. 
Thus i t has been observrd tlrnt the rolln pse of t ension 
wood on drying i.s often llSsociatPCl with abuormnlly 
high slninkagc of the thick, unlignified ce11 walls. 
Consi11ornb1e stros);es are dovolopcd, resulting in the 
rupture of t}ie intercellu)ar lnyer. Whereas the col
lapse in normal wood can be overcome by suitable 
reconditioning treatments, that in tension wood is 

irrcce>Yornble. This may be due in port to the nbsencio 
of an inner layer to the cell wall as found in the 
n orrual wood fibre. 

Ji'urthe1·, the reduced lignification of the intercellu
lar zone, as r evealed bot,h by stailling techniques aud 
the nse of ultraviolet microscopy, has ~uggested that 
temion wood fibres ma,y be easily separated by 
mrchnnical t reatment of fresh wood. Laboratory tests 
h:n·e prornd that this does occur, a fact of some illlpor
tance in considering tho rrasons for good 1111d poor 
grinding qualities of certain timber. 111 Yiew of the 
rconomic importance of tension wood, various field 
experiments haYc been set ,1p to inYestigate factors 
p;oYorning its formation and funetion in the growing 
t.rrc. Preliminury observations hu vo ~hown thut the 
stimulus responsible for tension wood formation pro
ceeds downwards in tl1e stem, and support the theory 
that hormonal influences are ai-c;ociated with its 
clovclopmc11t. 

(rl) Gell Wall J.'c.rlnre.-Somc five yenrs ago it was 
suggrsted that enrh m icPlle was surrounded by a para
eryslalline p]1asc> of cellulose. More rc>ccntly eYidence for 
1he presence of this phase was fortheomin!;'. from ~he 
obscn-rt! incr!'nso in the :ippnreut crystal (m1cello) size 
on dilute acid Lydrolysi •. It was found th at some increase 
in apparent crystal size takes place during t~e p repar~
tion of holocellulosc, and further that the rncrease m 
h_ydrolysis is groatrr in the case of holoccllulose thnn 
in tl1e case of t,hc origi1inl wood. I t wonld thus appear 
that some of the amorphous cellulo;;e is in fnct pnra
cryst:illine :ind closely associll tcd with the lignin and 
l~emicellulose. It is possible that the fractions of lig-
11in and hemiccllulose whieh arc r cmoYcd only with 
difficult.y in the holocellulosc preparation al'e tho~e 
wl1ich are associated wit!, the paracrystallinc ccllu
lo~c. It was obsened when comparing cellulose of 
normal wood with thnt of lensi011 wood that (i) thl' 
nppnrcnt crystal size is less in normal wood than in 
tension wood, (ii) tlie incren~e in a1ppa1·cnt crystal size 
011 hydrolysis is less iu tension wood than in normal 
wood, (iii) the i ntermicellar spaces as indicated by the 
sizr of crystals deposited in the sam pie are the same 
in normal wood and in tension wood, aud (iY) the 
moisturC' regain is less in tension wood than in normal 
wood. These invcstigatio11s thus pl'o\·irle a physirnl 
intc1·pretation of concepts such as the erystallinc/non
nystalliue ra t io. In more recent work examples have 
been obtained in which it appears tliat tho cellulo;:;e 
exists wholly i u the parnerystalli.no concli tion. 

( e) Surface Strncl11re of TI' ood Fibres. - The 
changes in structure of wood fibres during beating have 
brcn studied, using the techniques of surface replicas, 
of sectioning of paper sheets, and of shadow casting 
in conjunction with optical microscopy. During the 
beatiug of hardwood fibres in the L ampen mill there 
is a rapid accumulation of primary wall material 
in the early stages, such material coming from vessel 
elements as well ns fibres and from fragments of parent 
wolls. 

(f) Growth in Plant Oells.-It has been p roviously 
shown that, in the formntion of wood fibres, surface 
growth proceeds in length at t11e cell tips and in 
breadth at centres over the cell surface-the regions 
of the :pit fields. .A similar mechanism had also been 
proposed for parencl1ymn cells, but investigation has 
show11 that during extension growth the pit n elds t end 
to rcn!ain con~tnnt in 111;1mber nm! t_o separate during 
extens10n. Tb1s ch:mp;e 1s arcompamcd bv an increa~e 
in the dispersion of microfibrils between ·1:he pit fielr!s 
so that to s~mc ex ten~ the cell wn 11 appears to b13 
~tl'rtrhed dmrng cxtens1011. 

(g) Earl.: rm,l Woo<l Ex/rncli1,es.-}'rom analysis 
it.a)>pears_ thnt tl!e leucollnthooyanins in eucalypt~ 
or1g1note m the tips of young leaves and arc trans
ported down the phloem tl1rough thP cambial region 



ihto the wood of the t1•ee. At the sapwood-heartwood 
liom,<lnr,Y the amount of these compounds decreases. 
It is considered that the leucoanthocyanins may be the 
prermrsors of tannin and related substances occurring 
both iil bark and wood i the change is apparently initi
ated at the sapwood-heartwood boundary. Work is 
being contin ued to prove or disprove this hypothesis. 

A survey of the tannin content in the bark of various 
rt1angrove species has been cn.rried out for the New 
Guinea Fo1'eats Department. The eucalypts of the semi
arid zone of Western Australia were investigated with 
respect to yields of tan-bark, in order to stress their 
value in nn,y reafforestation programme. Assistance 
has been given to a firnl manufacturing tannin extract 
( cutch) from the mangrove bark, collected in the Delta 
region of Papua. An officer of the Division gave 
ndvice oil the operation of the plaut and suggested 
rnodifi@ation to meet varying climatic uonditions. 
.Apart from its normal industrial uses the cutr:h is 
being ~n vestigated as a raw material foi· the manufac
ture of an inexpensive •plywood aclhesi\le. 

3. WooD C1:rn:r.nsTRY. 
(Division of Forest Products.) 

(a ) Li,_qnin dm,d Related Oompou11ds.-The residual 
lignins of pine pulps have been ii1vestigated b_y deter
m ination of their principal oxidation products. The 
ult1•aviolet absorption spectra of eucalypt and pine 
pulps in phosphoric acid have also been studied. None 
of the resul ts indicate<l any difference between the 
residual li~niu and the lignin of the original wood. 
The difficulty of removing the last t races of lignin 
frotn the pulps appears to be one of ac('es~ibili ty. 

_Initial experiments with the recently const,ructecl 
50-tnbe1 automatically c011trolled, Craig machine have 
shown that purification of lignin bv u counter-curren t 
distribution inethocl is feasible. However, a solYent 
system giving a satisfactory d ifferP11tial rate of migra
tion betwr.en li~nin and the impuritie$ has not yet 1ierm 
found. T he value to lignin rnsea1;ch of a lignin of 
proven pmit:v justifies the use of this method even if it 
JJI'oves to be time consnming. 

(b) lVood Pol71sr11:r.hm·ides.-Extension of chlorite 
holocelln lose from Eucalypfos re_qna:n.~ with 5 per cent. 
sodium hydroxide at room tempeniture removed mo$t 
of the non-('ellulosic polvsacPhn1·ides in a short time 
(o-10 minutes). Both holocellulose and pul ps retained 
nhout 3 ner cent. of pentosans resistan t to 5 per cent. 
alkali. Prolonged t1·eatment re~nlted in slow dissoln
tion of the 1;esistant 11011-cellulo;iic polysaccbari<le~ 
according to an nnt,a1·e11t ?.ero 01·der readion. A llrn li 
exti·art.in11 of l'c>$idnc>s from wood conker1 witl1 methanol 
at 1!'>0° C. intliri>te tlrnt rPsistan t nnn-f'Pllnlosi ... nnlv~Rf'
cliarides were lil)eraterl hy a11 anpare11t r etn1·dei( fir~t 
order r eartioi1 ihtrih_g the metl1011nl treatment. wl1ich 
is su11t101·ting _eviflence for the exi~ti>nce nf rm associa
tion between lignin a11d tliese pol:vsaccharirles. 

(c) The 11fec71nhisin nf Thli11nifi,,:nfirm.-The perco
lator has lwen rede$iirned and rel)llilt nnd nn imrstiga
tion of pulping reartio11.q at su~t::iined alkali conc~n
tratirm has bPen tmrlertaken. Tl1e mte of removal 
nf li!tnin and pentn~ah trom E. rennn11s wonr1 flt 
150° 0. hns been followed at rl iffen,nt concentrntions 
of sodh1m h,vdroxide and ditfei·ent flow rntes. Thr: 
innoi.int of pentosiin r emover1 <le11Pnderl 111ainlv on the 
total amount of alkali m ed but the removnl of liirnin 
clene11ded mn inly on tlie concentration of a lkn li. · The 
pulping- l'ea;-tions moceelfod more rapidly in thP pp1•ro
lator than m sealed bombs lit the same initial alkali 
eoncentratibn. 

..(d) Pulpinr, of New Guinlla Woods.-Pnlping- of 
mixtures of wood~ Of the m angrove as•oei::1tin11 l1~s 
bem1 ex_tenderl, the a1ilphate proce~s hr.in!? u~ed. The 
propertiPs of the panns n1•nrln<'"~ r.n1ilr1 lie PhnnaPd 
l1y vnrying the quantities of the diffe1·ent woods in the 
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mixture. Pulps produced from the .Araucaria spp. 
by the mlphate process were bleached according to 
conventional com111ercial procedures. Rectangular 
sheets formed on a hand mould were used for printing 
cards giving some general information on the pulping 
and paper-mahing properties of these timbers. The 
exceptionally high tearing strength of these cardi! has 
attracted considerable interest from manufacturers of 
foie papers. 

( e) Serni-chem,ical Pulping of Eucalypts.-Little 
information is available on the yields and properties 
of semi-chemical pulp mace from eucalypts. The cold 
soda process, in which the wood chips are soaked in 
cold alkali and then mechanically defibred, has been 
ill\'estigated. Soaking for 24 hours in cold 2 per cent. 
sodium hydroxide gave after defibra tion an 80-85 per 
cent. yieid of light-coloured pulp which had strength 
properties slightly superior to t hose of first-qaality 
ground wood. 

(f) lnflvence of JI e1nicell11.loses 011 Pnlp Pi·operties. 
- It bas been generally considered that the lower 
strength properties of pulps from which the l1emi
celluloses have been removed by alkaline extractions 
are due to t.he hemicelluloses enhancing beating . and 
thus giving better strength development. It has been 
shown with eucalypt sulphate pulps that extraction of 
tlie lrnmicelluloses either before or after beating has 
similar effects in sheet properties mainly because of 
reduced fibre bondi11g. Their effect on beating appears 
to be of secoridnry importai1ce. 

(g) The Pitlping of T ension Wood.-Tensiou wood 
a11d normal wood from one tree of E11caly7Jftls gordo
calyx were pulped by the soda process. Although the 
tension wood was much lower in lignin than the n ormal 
wood, i t required similar pulping conditions to defibre 
the chips. Pulp yield was much higher, being 6'i per 
cent. for the tension wood compared with 51 per cent. 
fur normal wood. The tension wood chips did not 
swell whrn cooked. Pulp from the tension wood gave 
handsheets with much lower strength properties than 
those from the normal wood. Chips from the tension 
wood could be mechanically defibred to give a reason
able p.:rade of pul p. Normal wood under the same 
conditions was rnduet>cl to a conrse sawdust. 

(h) Rheological Properties of Paper.-The relation
ship bc.'tween t.he shan(' of flie stress-strain curve and 
tho hasic stn1cturc of the fibre network in the paper 
sl1eet has been inYestigated in the Divisio11's rheometer. 
Tlie variatio11 ia str;ngth properties with change in 
relative humidity shows some similarity to the ce11u
lose-wa ter sorption isotherm. Tearing tests have also 
been ca nied nut on the rheometer, and these have been 
compared with the resnlts obtained with the more con
ventional tear-testing instruments and with the other 
rhcolop:ical properties of tl1e paper. 

( i) The Jlf P.rlianism, of Bcatino.-The removal of fine 
material greatly increases the efficiency of the beating 
process. It is considered that this is due to the lubri
rating effect of the fine materi_al in the beater, wl1ich 
redures the amonnt of effeetwe work done on the 
unhenten fibres. The str en~th of a sheet formed after 
readd ition of removed fines to tlrn coarse fibre fraction 
is less than tl1nt of a sheet made from the original 
unfractionated matel'ia 1. 

( i) Adhesion w-itl1·in Pape1· Sheets.-The rbeo
lo~ica l pl'nperti('s of paper made from chemically modi
fied ( a('etyla tern cellulose lrnYe been used to study the 
relotive contribntio11S of hydrogen bondlnl!,' and of 
swelling and a•wciated ohenomrna to the strernrth of 
the fibre a~semblage, Results indicate that l1ydro~en 
bondinrr nlnvs the mnior ,·ole in norma1 shert forma
tion, alth011;h 1111<lP1· spcrial ci1•cumstances swelling may 
bePnme t],p eontrnllhrn: factor. 

(7;;) r:rllulo.~e T?enr#1•if11.-The kinetics of !'Onie 
hetC'1•ng-enr0110 rNwtlnn!'l of cell 11 loor 1111wi brrn st11died, 
and the result~ iudirnte a po.gsible relationship between 
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reactivity and tbe surface condition and degree of 
cr_vstallinity of the solid cellulose. It appears that 
thrse properties may be related to the inter-fibre bond
ing potential of the cellulose. 

4. TnrnER PnYsrcs. 
( Division of Forest Products.) 

(a) Sorption Sl~tdies.-Direct measurements of the 
heat of wetting of wood (sawdust) have been made 
using an adiabatic calorimeter constructed within the 
Division. Measurements were made at 26, 36, and 
46° C. on samples whose initial moisture contents 
varied from zero to 24 per cent. The heat evolved 
on wetting decreased with an increase of temperatu~·e, 
thus confirming earlier predictions based on the vana
tion of specific heat with moisture content. Measure
ments of heat of wetting ar~ now being extended to 
include materials such as lignin and wood cellulose. 
Sorption cycles between zero an<l 99 per cent. rela
tive humidity have bee:1 completed at two t~mp~ra: 
tures (25 and •.l:0° 0.) tor nrntched samples of klmk1 
pine. It was confirmed that the equilibrium moisture 
content at any given relative humidity was lower and 
the width of the hysteresis loop smallel' at the higher 
temperature. 1'hese two experiments have been used to 
estimate the variation of the more important thermo
dynamic functions with moisture content. The dif
ferential heat of sorption has heen calculated from the 
measurements of the heat of wetting, the change in Gibbs 
function from the isotherm determinations, and the 
change in entropy from the combined results of the 
two experiments. 

( b) Shrinlia.ge cmd Density M eas1trernents.-Dim~n
sional stability tests have been canied out for a wide 
range of commercial hardboards and similar tests have 
been co1lllmmced for insulating boards. Considerable 
variation in equilibrium moisture content and thickness 
swelling was observed between different makes of hard
lioards, but variation in length swelling was much less. 
It was found that the thickness tends to increase and 
the length to decrease on repeated cycling over a range 
of humidity. Shrinkage and density measurements 
have been continued on a number of Australian species. 
Tests have been eompleted on material from 250 trees, 
representing 82 different species. A large prnportion 
of this material came from less common North Queens
land species, for which no data had previously been 
available. 

(c) Greep and Related Phenornena.-(i) Applic
ability of Boltzmann's S1iperpos·ition Principle.
Fnrtller tests have been conducted to compare creep at 
constant stress with stress relaxation at constant defor
mation. In dry wood at 50° C. the relation between 
creep and relaxation was

1 
as expect~d on the basis of 

the linear t,heory, approximately reciprocal. In green 
wood at 25° C. the relation departed from linearity, 
creep being high~r than calculated from . rela:i:atio;1. 
This departure, m contrast to the non-hneanty m 
reaction wood ( compression wood), was ea used by the 
recoverable component of deformation. Linearity of 
rheoloo-ical behaviour has in addition been investigated 
by me~ns of superposition tests on nir-<lry wood in 
sbear. The results showed that linear superposition 
did not hold during the first few hours a.£ter a change 
of stress but confirmed its applicability after longer 
times. The stress in this experiment varied stepwise 
and was thus essentially different from the stress varia
tion in the relaxation experiment. The results were 
therefore not fully comparable. However, taken 
together, they give a reasonable indientioi: of t_he 
accuracy to which the response to any applied sencs 
of loads can he calculnte<l. 

(ii) Greep ancl R ecovery 11f easu.rements.-Twenty
seven beams of green blnckbutt have b~en lo~ded for 
11 

period of six mouths and the proportional mcreases 

in deflection were found to be similar to those obtained 
for mountain ash. Measurements of the recovery of 
air-dry beams of mountain nsh after long periods under 
load have shown that approximately 40 per cent. of 
the time increment of deflection is due to plastic tlow. 
Recovery measurements hn ve been made on green and 
dry specimens of mountain ash which had been sub
jected to tensile stresses for three years, an,d on dry 
specimens which had been subjected to compressive 
stresses for the same period. The residual strains 
have decreased by as much as 30 per cent. in periods 
of up to 12 months and are still decreasing. 

(iii) Factors Af)'ecting Greep.-The effect of stress 
on creep in tension ho.s 'ueen observed and tests showed 
that the irrecoverable creep increased more than pro
portionally with stress. 

Small-scale beams have been tested under controlled 
conditions of temperature and humidity to determine 
the e-Jleets of stress and duration of loading on the 
recoverable and irrecoverable proportions of the time 
increment of deflection. The beams have been unloaded 
and recovery is nearing completion. A pilot experi
ment on the influence of temperature and moisture 
content on the creep of wood in shear showed a great 
increase in irrecoverable creep due to interaction of 
high temperature and high moisture content and an 
apparent relative independence of the recoverable creep 
component under the conditions of temperature 
between 0 an<l 50° C. and of moisture contents between 
5 and 18 per cent. Further tests are in progress to 
confirm these conclusions and to obtain significant 
quantitative relations. 

( d) V ibrat·ional Propei·ties.-The dependenee of 
Young's modulus and of the internal friction .of wood 
on t.he frequenc_y of vibration has been investigated in 
an attempt to find a relation between dynamic and statio 
properties. Electromagnetic excitation and detection 
of vibrations were used at audio frequencies and the 
shape of the resonance curve measmed. The dif
ferences in frequency between certain points on the 
resonance curve were found from the frequency of 
beats between a constant frequency oscillator and one 
tuned to a suitable known multiple of the frequency 
of vibration. 

5. Tlll!DE!l. MEOIIANJOS. 

(Division of Forest Products.) 
(a) Studies of Properties and Testing ~Methods.

Modulus of rupture results for both green and dry 
mountain nsh specimens tested with the grain angle 
ranging from 0 to 90° to the plane of loading con
formed to the Hankinson formula.. 

The presence of macroscopic compression failures 
on the face of a beam has been regarded as seriously 
reducing its strength when tensile stresses are sub· 
sequently applied. It has now been demonstrated for 
spruce, radiata pine, southern blue gum, yellow box, 
and red ironbark that prior loading to near the ultimate 
strength in bending (judged by the development of 
compression failures) does not significantly reduce the 
ultimate strength when the specimens are reversed. 
Even two such pre-loadings on opposite faces do not 
appreciably reduce the ultimate load, though the 
modulus of elasticity is reduced and the limit of 
proportionality raised. 

Thermal coefficients of expansion have been studied 
on green specimens rep!'esentative of five trees ea.ch 
of radiata pine, alpine ash, and mountain ash. 
Measurements have been made within the range 70 
to 210° F. to obtain data for use in the investigation 
of the development of end-splits i n veneer logs. 
Generally it can he said that coefficients are negative 
with increasing temperature for a11 directions of 
measurem011t and the longitudinal coefficient is very 
small. 
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The effect of heating on strength and modulus of 
elasticity in tension perpendicular to the grain has been 
studied on specimens representative of five trees each 
of radiata pine, Douglas fir, alpine a.sh, and mountain 
asl1 . TJ1e temperature ranged from 70 to 210° F. 
and duration of heating from four minutes to 72 hour,;. 
Generally both temperature and duration of pre
heating bad a highly significant effect on strength and 
modulus of elasticity. 

(b) Species 'Pesting.-The determination of the 
medrnnical properties of timber from standard tests 
on the more important Australian species continued· 
throughout t lrn year. F ~fty-fo·e s pecies were repre
sen ted including various eucalypts from Victoria, 
tallowwood from Queensland, and 23 species from New 
Son th Wales. In addition less comprehensive t ests, 
generally on substandard specimens, were made on dry 
material from 110 miscellaneous Queensland species 
nncl green mnterial from 42 Queensland species. Tests 
were coMlucted also on Fijian mahogany and the South 
American species Mora excelsa. 

( c) S-il1Jicullurnl Tests.-Strength-density correla
tions and tlie e-ffe<:t of age on streugth and density 
/lre being studied on data from green and dry com
pression and bending specimens from ten logs of P. 
pinasfe1·, three logs of P. ponde1·osa, two logs of P. 
lciricio, and ten logs of P. radia.ta.. Analysis is now 
proceedi.ug. In addition a. study was made of experi
l!1ental err-ors in this investigation, and it was demon
strated that these were small. From data obtained in 
the investigation of the effects of growth factors on 
t.he strength properties of P. rad·iata, statistical analysis 
has shown that within auy particular tree the strength
density relationship is unaffected by position arom1d 
the tree or height in t ree. 

(d) Timber Conslr'llction.-Attention has been given 
to improving the efficiency and economy of t.lie use of 
structural timbe.r, with particular emphasis on glued 
cons tl'uction. Structures desig11ed a nd tested include 
a variety of solid, laminated floor beams of long span, 
trussed beams, and other building units. Interest has 
been stimulated in architects and en-gincers by tho 
issue of notes on the technique. of design and con
struction -of laminated structures using Australian 
timbers. Notes have been issued also ou the design 
of high-grade diving boards of laminated timber. 

Long-duration loading tests have continued fol' 
periods up to nine years on specimens of three speeies 
loaded in tension, having split-ring and shear plate 
counector s. Statistical analyses have been macle. of 
much of the data and it is now proposed to report thr, 
investigation. Some specimens have been unloaded : 
among these all species and load r ntios have been 
represented but in no case have the joints exhibited 
significant recovery of the slip developed while under 
load. A limited range of t ests is being made on 
pressed-plate toothed connectors in radiat.a pine, and 
comparisons are being made with bolted and nailed 
joint. Nailed, pressed-plate connectors for use with 
scantling arc also being studied. 

Iuvcstigation of nailing c.haracteristics of Australian 
species has continued throughout t he year. With
drawal re~ist.ance has been studied in the species karr i, 
radiata pine, mou11tai11 ash, and messmate stringy
bark at Vllrious moisture conditions and changes there
from. These tests are incomplete. The lateral 
strength of nllilcd joints is being studied in messmate 
stri.ngybark Initial testing is complete 011 joints 
using siagle nails with loading parallel to the grain, 
ai1d investigations with the load applied perpendicu
lar to the grain, and also 011 multiple-nailed joints 
have commenced. 

Seventy-two a.dditional model columns of 2 by 1-½ 
h1cl1es cross-sect1on were sot up under constant lono-
dn ration loading this year, ma.king a total of 290 
colunms erected to date. Of these, 2] 3 have. failed after• 

periods ranging from 0110 clay to three years. Detm1~e 
t;remls have not yet been established but the more slender 
eohmms appear to be able to survive for longer periods 
than the Ehort columns. There is some indication that 
Douglas fir may be less severely affected by long
dnrntion loading than t he two eucalypts tested, only 
4S Douglas fir columns out of 96 having failed, com
pa red with 9S out of 1.23 mountain ash columns and 
67 out 0f 81 yellow stringbark colnmus. The green 
columns which were allowed to dry while loaded tended 
to foil more quickly than those kept g reen, particu
larly for the eucalypts. Eighteen dry columns have 
been set up, most under loads equal to 70 per cent. 
of tLeir estimated short-duration failing lond, and five 
lHHc failed aftc1· periods rnrying from four and a half 
to eight months. 

Four colunrns of slenderness ration L/d = 10, which 
1ia<l carried 70 per cent. loads for at least two years 
and appeared relatively stable, were placed in a testing 
machine on several occasions and, without removal of 
the l011g-duratiou load, were subjected to m1merous 
r:yc1es of snperimposed loading and unloading to simu
late the u1;11lication a.nd remornl of live loads. The 
columns belia ved fairly elastically under the cycling 
lc,ads, and for moderate overloads the subsequent 
lateral deflection under the long .. duration load alone 
did not appear to increase at an appreciably faster 
rnte tlian that before these tests. 

Considerable progress has been made in testing to 
determine the influence of various defects on the 
~trength of j:.i.rrah scantling, though .,ampling has so 
far b0en restricted to -1 by 2 inches cross-section. In 
all categol'ies of defects, bending tests on the scant
ling and correlafed tests on small clear specimens are 
nea ri11g completion. 

G. Tuun:n 1~ni,:sEnv.vr10Ns. 

(Division of Forest Products.) 

(a ) Geneml.-Thore has been an increased burden 
of adYisory work resulting from pnblic awareness of 
the need for preservatiYe treatment of outdoor con
strnctionnl timbers. Several commercial plants are 
now prnjcctecl or under construction and much time 
has been spent in assisting development of this indns
t.ry by advising on economic aspects, plant design, anJ 
treatment schedules. '\Vl1cre necessary demonstrations 
01· pilot trea trnents have been made in the Division's 
1:::pt>riinental plant to illustrate the practical applicn
t ion of 11wdern treatment methods. 

( b) Fidel Tests.-Tlrn numerous field and sen ice 
tc-sts of trentecl tim)Jers installed by the Division during 
the past 25 years arc now of great value both for 
JJractical demonstration of results allCl for selection 
of !he most suitable treatments for commercial use. 
To 111:.i.iut:iin this important project, new t ests are 
instnllPd periodically, tbe pre~ent emphasis being on 
rail sleepers and fonce posts. New sleeper tests include 
4113 treated jarrah, karri, and mani sleepers for ser
vice test. in Western Australia, 57 5 treated radiata piue 
sleepers fo1· installation in Sout1'1 Australia, find 100 
treated New Zealand-grown racliata pine sleepers for 
ec,mparative test with •1:~0 Australian-grown pine 
sleeper.-; t i·e:i tecl <luring the year for tests i11 Victorin. 
F e11re post tests include an additional 240 round posts, 
treated with "Grcensalt" for test at the Toolangi 
Research Farm (Victoria), bringing the total at this 
site to 519 and tbc total in all States to almost 3,000. 

( c) Pressure Trea/,m ent of R.efructory 1' imbers.
Treatmcnt n t pressures up to 1,000· lb./square inch has 
contin11•?.d to give good results with most euoalypt 
timbers refractory to treatment in the heartwood at 
kwer presgmes. Its practical application hus now 
been demonstrated with some thousands of eucalypt 
sleepers of many different species. Overseas interest 
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in high pressure treatments has led to limited tests 
with Eu1·opcan spruce and Douglas fir which have, 
however, proved unable to withstand the high pres· 
sures used with e ucalypt,s. However, as radiata pine 
can be treated without damage at high pres:iures it 
is How obvious that resistance to crushing during 
treatment depe11<ls on the relative permeability of the 
wood as well as its strength. 

(cl) f'1'eserva,tice 'l'realm.en:: of Pence PoJ!;s.-• 
Jnvestigatio11 has continued of methods suitable fol' 
the simple and economical trea tment of r0Ul1d fence 
posts. Tlic Division's mobile low-pressure plant haE 
been widely demonstra tcd arnl used sueccssfu1ly for 
the tl'eatment of seventeen different fence post species. 
.i simJJle chain barki11g machine h~s been co~1struc!e,l 
to demonstrate tlie economic use of tnnber species which 
are not r eadily b~rked. A ~ulletin ~lcscribing m_e~hods ?f 
l,reatmcnt and simple eqmpmcnt 1s now awa1tmg <l1~
t.ribution to farmers. 

(e) Di:0'111Jion Trealmenls of Green '.f'.i1nber.- Treat• 
mcnt of gree11 building timber; by momentary_ immer
sion in a concentrated water-borne preservative, fol
lowed by block stacking to permit diffusion of ehcmi• 
cals into t,hc wood, has shown considerable promise. 
Using a concentrnto<l solution of sodium pentaborate, 
complete penetration of green eucalypt sapwood bas 
been obtained after a block stackiug period of four 
weeks. Commercial application to the t reatment of 
siq)Woo<l susceptible to t he Lych1.1J borer is being studied. 

Promisill" results have also been obtained with 
::, . . . 

kli11ki J)ine using a compound preservat1Ye contamn~g 
4:0 per cent. of finoborates, arsenate, and chromate 111 

:1qneous solution. Commercial applicatio11 of this 
treatment is bein°· studied intensiYely in view of the 
mgent need for a

0 

simple tl'Catme1lt of this timber for 
hollsing in New Guinea. 

(f) Propei-l·ies of W 001l Preserualf,ves. - Leachiuj; 
tests with ~apwood blocks of mountam ash and rnch· 
ata pine t reated with various preservatives haYe been 
continued to determine the effect of pH of the leach 
water on rate of leaching from the wood. These tests 
arc nearing completion and results are providing au 
el<sontial kry to the understanding of field performance. 

(y) 'f'i ,,nber 1liycology.-I11 a sm·,·ey of fungi cau;;
ino- blue ,stain in radiata pine in all States e:owept 
Q;censland, 84 per ce11t. of all isoln!ions wen: identi
fied as D·ipl odia. 1,inen (Desm.) IC1ckx. Controlled 
tt'st,s made by the Timber M_echan_ics Section on. sap
\Yood spec:imens inoculated with this fungus and mcu· 
bated for periods up to twehe weeks showed no loss 
in tou<rlmess crnshino· strenirth, or modulus of rupture, 

0 ' I:) ~ l . l Tl . although all specimens were severe y. str:une( . ~1s 
result was obtained whether the matenal was tested m 
green or d1·y condition. Blue _st.ai11 is ?bj~-ctional in 
cases for other r e1,sons, bnt tlns result md1cates t,hat 
the low strength obscl'\'ed in cert:1i11 caso matr.rinl 
must be due to other causes. 

La born I ory studies of decay resistance ha vc pro
eccded from the aspcots of comparative testing of many 
different timbers, practical interpretation of r esul ts, 
and general improvements in technique. This latter 
work has included comparison of soil-ja.r methods, 
study of the decay-rate curve, and study of the effect of 
soil moisture content nnd jar aeration 011 the clecny rate 
with different fungi. 

( h) .1'irnbei· Borei·s.-'l'ests of various preservatives 
to dotormino the lethal threshold to Lycltts bru.nneus 
arc C'Ontinning. Zinc sulphate has proved iueft'ecth1e 
at nominal salt retont.io11s up to :t .8 per cent., but 
"Tanalith U ", "Boliden BIS", and arsenic pent
oxide htn·e so far given complete protection at the 
lowest salt retentions tested, i.e., 0.05, 0.113, a!ld 0.04 
per cent. respccti,:ely. The th_reshold for boric acid 
is apparently ngam nt approx1mately 0.14 per cent. 

7. Tnumn, SEASONING. 

(Division of Forest Products.) 
(a) Ueiieral.-fadustrial activity over the past year 

was reflected in increased demands for technical assist
ance to D.11 extent much greater than previously experi• 
cnce<l. Principal in ternst cen•tred on the application 
of new seasoning techniques and emphasis was given 
to studies aiming at faster and more economic drying 
of timbers and veneers. 

(b) Oollapse.-i...\Tork was commenced to determine 
the pattern of collapse and appraise the importance of 
factors influenciug recovery in siie. Increased evi• 
dence was obtained of the inhibiting effects of tension 
wood on recovery at commercial plants. The infln· 
enoe of drying rate and drying conditions was 
examined. Absorbed inorganic salts did not signifi
cantly reduce collapse in susceptible material. Impreg· 
nation with sodium bicarbonate at pressures llp to 
1,000 lb./sq11are inch., to form gas bubbles in the 
coarse capillary system, also proYed of no value. It 
was shown that pretreatments removing lignin or he111i
c:elluloses caused collapse which is largely inecover
nble and which approaches that of tension wood. 

(c) Dryinr, Sludies.-Good progress was made iu 
vapour drying jal'!'ah, karri, mountain ash, messmate 
stringybal'k, and peppermint, in railway sleeper sizes. 
Usi11g mineral turpentine, end-sealed half-length 
jarrah .sleepers were vapour dried in ten hours to 
acceptable quality with av~rage and sm,faee ( outer 
~· inch) moisture losses of 35 per ee!lt. and 65 per cent. 
respocti rnly : juternal checking dcYeloped to a depth 
of about 1 inch. Subsequent five-hour impregnat.ion 
t,1 ea tmcnt.:; with a 50 : 50 creosote and oil mix at 800 
lL./squarc inch. ga,·e absorptions ranging from 6 to 
10 lb. /cubic foot. At least six months' air drying is 
necessary to ensure cqui,ale.nt absorption. 

"\Vor.k was commenced on 1-inch thick backsawn 
karri wliich cnn be produced ,vhen larger sizes are 
being miiled, but seasoning difficulties ltave limited 
it~ use. Chemical seasoning with a buffered sodium 
cllloride treatment gave promising results, and the 
possibility of commercial application with e. steam-
11uenC'h technique is being examined. Kiln schedule 
work on Jcllow st.ringybnrk was commenced, and scout 
studios on southern mahogany, grey box, yertchnk, 
and maiden's gum were completed. 

For platen-dried "ash" eucalypt veneers, it was 
establ ished that gross shrinkage is a function of 
"dwell" time and a further factor depending on the 
time requi,rnd for a thermally insulating steam layer 
to form on the plat.ens. Superheated-steam drying 
studies were commenced and limited work on 1-inch 
l.hick radiata pine and karri was completed. The 
couunercial application of drying schedules for veneer 
clernloped in the laboratory and incorporating an 
initinl high drying temperature and large wet bulb 
deperssion was con-firmed with ramin and r adiata pine 
1·encers at a plywood mill. An examination of the 
dryi11g eharacteristics of ,·cneer of Balanops 
a11sfrali1111a was commenced . 

(cl) Kiln Design ancl Equipmenl.-A high-tempera
tu,re, fast·clryh1g kiln designed for tolerant species has 
reduced commercial drying t imes for 1-inch thick 
radinta pine from 80 to 48 hours. With minor modi
fication it can be used as a superheated steam kiln. 

Tho screened veneer drier was further developed. 
In commercial operation units a.re giving outputs 
approxinrnting 10 to 15 square feet of 1/ 16-inch Yeneer 
per squnre foot of floor area per hour-a production 
equal to that obtained from multi-deck mechanical 
driers. Capital cost approximates one-quarter to one
third that of mechanical driers. With species not 
1narkedly collapse-snsceptible or subject to cross grain, 
high-qualHy drying is ohtained. 
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One hundred and fifty visits were made to wood
using plants to advise on kiln conveTsion, prevention 
of degrade, collapse and reconditiouing, stacking and 
handling, kiln maintenance, shrinkage control, furnace 
kilns, instrumentation, the drying of Australian and 
overseas timbers, as well as to start up and test proto
type equipment, to report on plant efficiency, and to 
advise on suitability of sites for proposed seasoning 
plants. Plant layouts were prepared for thirteen 
firms, and estimates of costs made. Design for kilns 
and redrying rooms for peeled and sliced veneers, 
sawn timbers, and turnery were prepared for 28 firms, 
and 510 drawings were issued. Charts were prepared 
to determine the influence of various factors on the 
cost of kiln beating. Performance tests were made on 
two large pre-driers. The grate arrangement of 
McOaslmey bumers for valueless wood waste from 
sawmills, wl1ich is 11 dangerous fire hazard, was further 
improved. Drawings were issued to 81 firms. 

( e) T1 eneer and Gluing Stud·ies.-The peeling char
acteristics of Celtis philippensis, Spond·ias rlulcis, 
Ptercocymbium beccari, and 11 ernandia ovigera, all 
New Guinea species, and the North Queensla11d species 
Balanops australiana, were examined. Tension wood, 
nnd splitting, decay, and spiral grai11 affected recovery 
in most cases. Studies were made on the peeling of 
karri, radiata pine, and Western yellow pine, and on 
the mechanics o{ peeling i11 relation to veneer quality 
nnd power consumption. Work was continued on 
veneer evaluution methods using a shadow technique 
for surface roughness and ink absorption for tightness. 

Tannin-formaldehyde resins, aud combinations of 
these with other synthetic resins, are being investi
gated in co-operation with the Division of Industrial 
Ohemistry. A techniqne was developed for makillg 
termite baits from sawdust bonded with urea-formalde
l1yde. Scout studies were made on tho effect of small 
gaps in three-ply centres on shear strength, the 
improved bond strength of some karri plywood made 
from preservative-tre11ted veneers, the weathering of 
plywood, and the bonding of linoleum to hardhoard 
and plywood. 

(f) Seasoning Correspondin.g Committee: British 
Oo1nmonwealth Forestry Conference.-Active contact 
was maintained with the twelve member lahoratories. 
Exchanges were made on the rating of seasoning 
degrade, case hardening, honeycombing, shrinkage 
measurement, end coating, pole drying, veneer drying, 
moisture meters, and kiln schedules. 

(g) 11'1 iscellaneous.-The sorption characteristics of 
fire hazard sticks were examined on behalf of a State 
Forest Service. The influence of stack height and 
strip size on the extent of board crushing caused during 
reconditioning of ash eucalypts was examined. It was 
.found that at 15 per cent. moisture content the 
pressure on the stacking strip should not exceed 
40 lb./square inch. An examination of the equip
ment and production methods of a firm manufacturing 
wood-wool cement products was made at the request 
of a State Department. 

8. TnruEii. UTILIZATION. 

(Division of Forest Products.) 
(a) T imber Uses.-Information was supplied on 

the suitability of timbers for over 100 uses, and advice 
given on the properties and uses of 150 species. T he 
Trade Promotion Branch, Department of Commerce 
and .Agriculture, was assisted in preparing data for 
n handbook on Australian timbers. 

(b) Manufactitring P1·ocesses.-The number of 
inquiries on sawmilling techniques antl macl1inery 
indicated a growth of the Division's influence. Designs 
for sawmills were prepared for eight new sawmills 
and one woodworking fnctory, and modifications were 
proposed for seven operating sawmills. During visits 
to sawmills in Victorin, New South Wales, South 

Australia, and N ew Guinea, p1·oductio11 practices were 
examined and suggestions made regarding possible 
improvements. Diagrams and illustrations of an auto
matic firewood docker published in the Newsletter 
aroused wide i11terest, and an engineer was subse
quently assisted to start manufucturiug this item. 
foformatiou was given regarding the design or opera
tional characteristics of log cranes, breaking-down 
circular saws, frame saws, log edgers, gangsaws, breast 
benches, be11ch gauges, ripsaws, r esaws, dockers, planers, 
timber conveyors, sorting tables, edg·e sorters, timber 
loaders, barkers, chippers, hoggers, sawdust extractors, 
briquette-making machines, and sawdust fired burners 
for dispelling frosts. A.dvice was given on the manu
facture of wood-wool, wood :flout, furniture, mouldings, 
flush doors, and pegs; on distillation products, saw
dust resin, and sawdust-cement mixtures; on the 
preparation of rattans and yacca gum; on the .finish
ing of tlooring and weatherboards; and 011 the bleach
ing o.£ timber and the treatment for squeaking floors. 

( c) Waste Util·iza,tion.-Iuvestigati.ons into aspects 
of the utilization. of sawdust as a soil improver were 
contim1ed. In neld tests the use of fresh a11d partially 
hydrolysed sawdust showed reduced pasture plant 
establishment and nitrate content six mout.hs after 
iucorporation. Nitrate content was lower in the 
treated sawdust tl1m1 in the fresh sawdust plot at this 
stage, hut at twelve months this position was rernrsed. 
TJJC reversal was not us early or as pronounced as 
e.i..--pccted from p1·eliminary laboratory work; and it 
was concluded that the benefits from hydrolysing treat
ment were not commensurate with its cost. I nvest iga
tions on these and other effects of saw dust on the soil 
are continuing. 

Methods for nccelerating decay of the non-lignin 
portion of finely divided wood waste were further 
investigated with a view to developing a soil improver. 
A number of wood-rotting organisms were tested, 
some of which brought about rapid decomposition 
of waste from Pinus radiata, and E. regnans. It was 
found that Lenzites trabea p.roduced maximum decay 
(measured by loss in weight) when peptone equivalent 
to 0.32 per cent. nitrogen was added. With from 0.8 
to 1.6 per cent. nitrogen, decomposit ion was less than 
when 110 peptone was added. T he part played by 
certain of the fungi imperfeeti in breakdown of wood 
is being studied, and also the effect of partial decay by 
wood-rotting fungi on subsequent breakdown by soil 
micro-organisms. 

Hardboards of attractive appearance and strength 
were produced experimentally from water-cooked 
sawdust. 

(d) Sawing.-Studies were initiated to determine 
tl1e power and energy consumed at the principal breast 
bench typically operated in Jiardwoocl sawmills. The 
results indicated that improved performance could be 
expected if feed SJJeeds were adjusted with depths of 
cut, and this led to attainment of higher average rate 
of sawing and bighe1· efficiency from the motor by 
maintaining load nearest its capacity. 

Tria ls of an experimental bench incorporating a 
heavy flywheel were completed : these showed differ
ences due to foecl speed and smv speed, but not lesser dif
ferences due to number of saw-teeth, moisture content, 
and density. The main factors affecting the perform
ance of both scratch- and gouge-type po"·er saw chains 
with Austr alian woods have been established and the 
efiects of modifications to gouge-type saw-teeth are 
being further investigated. A pendulum-t,Ype dynamo
mete1· is bei11g made to study the action of single teeth. 
The forces ope1·ati11g during chip formation at slow 
speeds are also being investigated, single teeth in a 
standard static testing machine being used. 

(e) Standards.-Oollaboration with the Standards 
Association of Australia was cont inued and technical 
assistance given in drafting and reviewing proposed 

t 
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standards. An otlicer of the Divisiou acted as chair
mau ior Sectioual Uommittees on Wood ·.1 ecluwlogy, 
·wood Li t1hta t10u aud .1-unable Ladders. 'n1e 1bso· 
ciat1011 1mohslled' durrng tile year .111terim .Standard 
3d-iJ-.lllLel'1m uradmg .1.utes ivr Hacl1ata 1Jme ::\awn 
a.ud .M1ucd l'rou nets. Loillmittee wurK aud votmg 
were coU1pleLed on a propusecl staudard tor crossarwd 
of easter11 aud soutLJ-easte1 11 .,-..ustnuian bar,.1woods. 
l.Jralt speci1icatio11s .tor portable lac.luers were reviewed. 

:Lia1sou was mamtamcu wn11 tne .1•.A.U . .l'erlli:uieHt 
O:..wrnittec 011 .Standard1zat10n um.I U tll1..:at1011 rn tile 
As1u-.l:'ac1Jic reg1011, welllucrsllip maunamed on suo~ 
e.1u.lll1ttees clea11ug witll gra<.lwg o.f lian.1woud logs and 
hardwood sawn tlmlw1·, a11d comment sulm.1.utcu on 
dra.tt grades. 

XV. BUILDING. 
1. GENERAL. 

The huildiug research work of the Organization, is 
undertaken ruainl,y by the 1.Jivision of .lfo1ldmg 
l{pscard1, HiglleLt, Victo1·ia, wl11ch collaborates c_Jos_ely 
with tlrn liuu1111onwealth 1<.xperimeutal bu1ldrng 
Station of the Commouwealth lJ·epar tmcnt of Works 
in .New Sou th wales. lie>'earch 1s directed towarJs 
the study of the more ettecti v~ _ use of a \'ailable 
materials, the adaptation of trad1t1011al matenals to 
new constructional ruethods, and the <levelopweut of 
new materials a11d building teehniques for the improve
ment o.f both the functional aspeets of buildings and 
the efiiciency of methods of construction. The work 
of the lJivision is reported in th~s Chapter. . 

Work on timher tor constructwual purposes 1s con
centrated in the Division of Forest l'roducts (see 
Ohnpter XlV.). '\:~01:k_ on _buil~ing fou~1dations is 
undertaken by the D1 vlSlon of Soils ( .see Ul:apter II., 
Section 8), and work on cement and ceramics by the 
Di visiou of industrial Chemistry ( see Chapter XV HI., 
Section 3). 

lJil'i.sion of BuiMing Research.-r\.lt_h~ugll pr?grnss 
durina the vear has been generally sat1s!actol'y lt ha:; 
not b;en as 'good as had been hope<l bec~use of flll'ther 
'financial restrictions and, even more 1m portant, the 
inability to recruit research sta_·fL C?mequently the 
important investigations into lightwe1gl:t aggregate~ 
and gypsum plaster as a structura\ ma~enal have ~een 
greatly hampcrnd, and work on bituminous maten.als, 
particularly their appl~c:ation to flat roof construct10n, 
Las been se1·erely restnctcd. . . 

A pleasing feature has been the m~re~sed_ mterest 
in the Division's work shown by the bu:ldrn_g rndustry. 
Thus the 1\.ssociatecl Fibrous P laster Manufacturers of 
Anst;.alia Lave agreed to contrilrnte a sum of £2,500 
per annum for a minimum of three years. so th~t the 
work may be resumed on the prob!ems ~± the f1hrous 
plaster industry that was stopped m lD;:i_l because of 
lack of finance. The increasing use bemg made of 
the Division by the industry and tl_1e public is illus
trated by the rise of 24 per cent. m the number of 
inquiries, of which 4,200 were received during the year. 

The Division is co-operating with the New South 
Wales State Brickworks and the New South Wales 
Depatmeut of Public Works in developing a new t_ype 
of downdraught brick kiln incorpornting lightweight 
constl'uction, insulation, and automatic stoking. Trials 
with the prototype resulted in reductions of nearl,y 50 
per cent. in the fuel consumption and in the burning 
cycle of a conventional kiln, and a second kiln that will 
i;icorporate improvements found necessary as a result 
of the experience with the prototype is now being 
designed. 

Numerous cases of ex11ansion of brickwork iu build
in"'s, causing sliding- on the clamp courses, cracking, and 
other damage, have been drnwn to the nttention of the 
Division. li11restigation of these lrns brought to light 
the important but previously overlooked fact that most 
burnt clay products expand ineversibly on exposure to 

ll.5509/'55.-7 

moisture. It would appear desirable therefore that 
bricks and other structu1 a l clay umts should be well 
soai,cd or weatllere<l beiore Utie. '1 he re_asons for ~he 
expansio.11 and means of overconung 1t are h81Ilg 
stuuieu. 

A t the request of the Government of Wcste_rn Aus
tralia tJie lHv1s1on is a~istrng the heavy clay mdustry 
to 1mpl'ore the output and quauty of its products and to 
establish a sand-lnne bric!( industry in that ~tate. 
lJn<ler the auspices of the Uolombo plan, a _young 
Ceylonese gruduate is spending twelve months with tne 
Division for training in research on clay p1·oducts. 

A senior member of the staff of the ltoyal Melbourne 
Technical College is working part-time in the Divisio_n 
on the development of th1·ee-dimensional acoustic 
models to gain research experience. 

Courses of lectures have been given by officers of the 
Division to students of the University of Queensland, 
tbc University of Melbourne, and the Royal Melbourne 
Technical College. Addresses and lectures have been 
delivered to meetings of builders and clay products 
manufacturers, at extension courses of the University 
of Sydney, and at symposia 011 concrete tech~ology in 
Melbourne. The Division contributed to a display on 
building research prepared by the Building Research 
Liaison Service for the 1954 Homes Exhibition in 
Melbourne. 

2. LrG.HTWEIGHT .AGGREGATES, 

(Division of n uilding Research.) 
(<.t) Expanded or Bloalcd Clays and Shales.-The 

examination of raw materials for the manufacture of 
expanded clay or shale aggregate for lightweight con
crete has been continued with tests on shales from the 
Adelaide an<l Melbourne areas. The work on the 
Adelaide shales is in a preliminary stage only, but 
trials with the Melbolll'ne shales show these to be a 
very suitable raw material for an extensive lightweight 
aggregate industry. . 

Imestigations into the use of these aggregates m 
concrete indicate that with those haviug low water 
absorption the water content of the mix and hence the 
workability of the concrrte are easier to control than 
with those of l1igher water absorption. Aggregate 
made from slrnlc has a water absorption lower than that 
of airgrcgate from clay. 

(b) l'erlile.-Much assistance has been given to 
inunufacturers und potential m:mufacturers of the 
ultralight,reight plaster and concrete aggregate pcrlite, 
and a wide range of perlite ores has been processed in 
the pilot plant. 

The chemical and pl1ysical properties and the 
mineralogical compositions of the perlite ore and 
:i_gg-regatcs are now being in\·estigatcd. li1formation 
from this ,,:ork will permit the correlation of the com
·position and properties of the original ore with the 
behaviour of the expanded material, particularly as 
re"ards the secondary expansion which occurs in perlite 
pl;sters and concrete. The nature of the reactions 
involved is being examined. Attempts to inhibit the 
expansion by the addition of reagents to the mix have 
not proved satisfactory. 

Tests to determine the amount of expansion likely 
to cause trouble and the magnitude of the forces set up 
when expanded plaster is restrained haYe shown that in 
some ch ,cnmsta11ces, at least, any stl'esses that develop 
a re lal'gely relieved by creep of the phister. . 

1'11e mcclianical and physical pl'operties of a wide 
range of mixes of pel'lite with po1·tlaud cement and 
with gypsu111 plaster are being studied. 

3. CONCRETE INVEST!OATfON'S. 

(Division of Building Research.) 
(a) '(li<'OT'J/ of lt·uplw·e of Uo11.c1·ete.-In this inves

tigation, which is to determine the stress/stl'ain con
ditions governing the :fracture of concrete, it has been 



established that microcrncks develop iu ~nreiufor~ed 
concrete specimens under load before the pomt at which 
they ultimately fail is reached. However, there d?es 
not appear to be any relationship between the crackmg 
load and the ultimate load. 

Strain measurements on concrete beams loaded up to 
90 per cent. of their ultimate for nearly twelve months 
have shown that the creep of concrete is -considerably 
higher in tension than in compression. 

(b) Shrinkage Sludies.-Carbon dioxide has been 
found to diminish greatly the shrinkage of concre~e 
&tored in it compared with that of concrete stored m 
air. Ex-plorator,y tests to e .... amine !his show that. if 
concrete is brought, before drying, mto contact with 
earbon dioxide its shrinkage is markedly decreased 
and its strencrth increased, whereas if it is allowed to 
dry out first there is an immediate increase in shrinkage 
foilowed by a stable condition and little further 
shrinkage. 

The way in which t,he carbon dioxide combines with 
the concrete is now being studied by X-my and thermal 
analyses of carbonated and uncarbona_ted mortars,. a_nd 
work is iu progress on the _effect of d1fferen~ h~1mdity 
conditions on the interaction of carbon dioxide nnd 
concrete. 

(c) Cell-11.lar Concrele.-Tl1e work on foamed con
crete hus given way to investigations on light,~eight 
calcium silicate, a cellular constructio~al material of 
high strength produced by autoclavmg a rmx of 
hydrated lime and silica flour. Studies of the effects 
of gap and contim1ous gradings of the silica flour 
on the compressive stength of the calcium silicate haYe 
shown that the strength/weight ratio is iucreased by 
about 20 per cent. if gap-graded instead of continuous
graded silica flour is used. The effects of various 
curing conditions on the compressive strength of light
weight calcium silicate have been examin<>d. 

4. GYPSUllr PLASTEJt ,\ND P1.,1sTEn Pn,0011c1·~. 

(Division of Building Research.) 
(a.) Fundmnenl.al Research.-Fundamental research 

to obtain a deta.iled knowledge of the processes involved 
in the de11yd ration of gypsum and the setting of 
gypsum plaster is being undertaken because of the wide 
variations in the ,properties of these materials. 
Different calcining processes must be used to obtain 
comparable plasters from different gypsums and it is 
believed that this is necessitated by variation in the 
gypsums arising from the ways in which they were 
formed. In this regard, thermobalance examinations 
have shown t.hat the dehydration properties of set 
plaste:r are very different from those of the gypsum 
from which the plaster was made. 

When plaster is used in hot, dry areas the possibility 
of it undergoing dehydration has to be -considered; 
however, studies of its behaviour at 104° F. sl1owed 
that, contrar_y to published data, there was no 
appreciable loss of moisture until the relative humidity 
was l)elow 1 per cent. 

(I,) Jl1 oist111'e 1lbsorpt£on of Plaster.-Absorptiou uf 
ntmos-phoric moisture by plaster, 'both before and after 
setting, is being measured because of the importance 
of s11eh knowledge in determining safe conditions of 
storage and because of the relationship it mny have to 
some of the problems of the decoration of iibrons 
JJlastcr. It hns been found that plaster, even if 
dehydrated almost to the anhydrite stage, rapidly 
absorbs atmospheric moisture until, nt 65 per cent. 
relative hmuidity, it contains ubout 8 per cent. of water' 
the formula then npyroximatiug to CaS0.1.2/3H2o'. 
Set ·p laster absorbs moisture very rapidly at lmmidities 
nbove. 08 per cent. 

_( C) _s lruct1_mil . Gyzmtm.-Structural g,ypsum is 
bemg mcreasmgly used for J1ouses and other bnildino-s 
bnt design with it is chiefl.,y on an empirical basis. " 
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The work on reinforced gypsum has been extended to 
provide detailed information on the physico.l and 
mechanical properties of cast gypsum plaster in general, 
similar to that on cement concrete. 

Particular attention is being given to the creep of 
gypsum plaster. This is impor~ant in determining the 
behaviour of plaster when sub.1ected to the long-term 
loads that would be .met in practice. 

Some tests on the strength of cast gypsum at ages of 
up to twelve months show. that, f?r. specimens ~tored 
under constant atmospheric conchtions, there 1s no 
significant gain in tl1e compressive strength ~fter 01;1-e 
month. Soakfog of the 12-month-old specimens rn 
water reduced the compressive stl'ength b_y half. 

( d) Fibrous Plast_er .-( i) . De~o1:ation. - Al though 
the cause of "sulphide stauung 1s now well estab
lished and methods of control are n.vailable, the problem 
of the satisfactory <lecoration of ubrou_s _Plaster is far 
from solved. The reasons for damp stamrng at or near 
to joints, the flaking of ~ertain water _paints, a11d the 
Joss of gloss and . ex-cess!ve con_densat1?11 ?n styrene
butadiene latex pamts still require c1ucidat10n. 

So far it has not been possible to do more than make 
observations of the behaviour of test ceilings painted 
under known conditions with a variety of paints and 
sealers. The damp stains 011 the two test ceilin~s referr~d 
to in the 1953-54 Annual Report occurred durrng humid 
surnmc>r wPatl1er but did not re-appear during the 
winter despite frequent periods of high humidity. 
However, sulphide stains have appeared, chiefly on the 
areas that were formerly damp stained. The flaking 
of water paints was frequently accompanied by efflores
"ence and was most marked on plaster sheets eontniuin~ 
salt. The newer styrene-butadiene paint when use~ 011 

fibrous plaster become covered with moisture at certai;1 
times. The reason for this is not yet known but 1t 
is not due to condensation through abnormally high 
atmospheric humidity. 

(ii) Expansive Plaster.-Damage to fibrous plaster 
eeiling sheets by buckling has been found to be t~e 
result of expansion of the sl1eets after erection. This 
was thought to be due possibly to delayed hydra tion of 
part of the plaster, a circumstance which could arise 
through the presence of incompletely mixed plaster. 
Trials with completely and incompletely stirred plaster 
mixes showed that the rnte of hydration of the latter 
was markedly less than that of the former. 

5. LIMB AND Ln.rn PnonucTs. 

(Division of Building Research.) 
(a) Correction of Unsoundness in Magnesian Li,mes. 

-Further studies of the oxychlorides formed in the salt 
treatment for overcoming the uusoundness of mag
nesian limes have shown that the reactions involved 
are complex. The stable oxychlorides 3- and 5:M:gO. 
MgC12 .xH2 0 appear to arise from other more ill
defined oxychlorides. 

(b) Standard 'Test for "Soundness" of Li,me.- In 
attempts to fincl a simple standard method for deter
mining the soundness of limes, best r esults have been 
obtained with a test in.. which sand-lime mortars in 
Le Chatelier moulds are autoclaved nt a pressure of 
2-10 lb. per square inch. 

( c) Sand-l-ime Bricks.-Teehnical assistance on the 
suitability of raw materials and on matters concerned 
with plant and equipment has been given to several 
companies proposing to manufacture sand-lime bricks. 

No water penetration or other trouble has been 
observed with the experimental sand-lime brick walls. 

( d ) Si1n!t'C:IJ of A i,s/ ralian Lima I11cl11sf.ry.-.\ 
detailed examination of the coastal limestone deposits 
in the Perth area of Western Australia has been made, 
and the industrial possibilities of the limestone deposits 
in certain areas of N e.w South Wales have been 
assessed. 
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G. CLAYS ,urn CLAY PnonucTs. 

(Division of Building Research.) 
(~) Clay Research.-(i) Reg,ional Studies of Aus

tralian Heavy Clays.-The survey of the structural 
c~a;y products industry has been completed by further 
VlSltS to all States during the year. Reports on the 
clay resources of .Australia and on the structural clay 
products industries of the various States and Australian 
regions are being prepared. 
. The. st~dy ?f the miueral composition and particle 

size. d1stnbut1on of brick and tile clays from the 
country areas of Victoria is now almost complete. 

(ii) Constitution and Pro])erlies of Glay Minemls. 
The elucidation of the structural changes that take 
place in vermiculite when it is heated in accordance 
with differential thermal analysis methods has been 
sought. It is evident that when vermiculites are 
hydrated or dehydrated the changes in water content 
and in the spacings between layers are subject to a 
hysteresis effect which clearly indicates that the natural 
state of any sample is \"ery dependent on its previous 
history. 

The effect of piperidine saturation in the differential 
thermal analysis of clay minerals has becu examined 
and it appears that this method may be used to pro
vide further evidence of the presence of illite and 
montmorillonite minerals in clay mixtures. 

(iii) Deterioration of Roofing Tiles and Exvansion 
of Clay Products.-For some time the Division has 
been investigating the deterioration of roofing tiles on 
roofs along the sea fronts of Victoria, and it has now 
been found that there may be a relationship between 
this problem and the expansion of brickwork, several 
eases of which have been reported. 

.A.n important fundamental property of most clay 
products is that they expand irreversibly when they 
become wet, and in studies of this behaviour with kiln
fresh bricks and roofing tiles it was found that the 
amount of expansion depended on the composition of 
the material used and the rate of expansion on the 
temveratnre of firing, and was greater in products fired 
at low temperatures. Bricks and tiles that expand 
most, and parts of tiles that remain moist for lono
periods through being protected by overlappin~ 
undergo the greatest deterioration on exposure. 
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(b) Clay Technoloqy.-(i) Pilot Plant-Clays from 
areas in Victoria, N cw South ·wales, Queensland, 
Northern Territory, and Western Australia have been 
examined in the pilot plant for their suitability for 

. various types of ceramic product. 
(ii) Kiln Dcsign.- To study the effectiveness of 

automatic firing and insulation in ceramic kilns an 
experimental downdraught kiln has been designed by 
officers of this Division in co-operation with o·fficers 
of the New South Wales State Brickworks. The kiln 
which has 9-in. internal walls of refractory vermicu: 
lite concrete, 9-in. external walls of solid brickwork, and 
n 1-ft. suspended roof of vermiculite concrete. has a 
capacity of 13,000 bricks and is .firerl with black coal 
by two mechanical underfed stokers. Preliminary trials 
showed that fuel consumption and the burning cycle 
were only about half of those of conventional down
draught kilns. 

7. CAULJUNO COMPOUNDS, 

(Division of Building Research.) 

( a,) Oold-f/113: Mcrnlics.-Cold-flux mastics for the 
sealing of joints consist of an oil and a solids com
ponent ( powdered bitumen, asbestos fibre, and mineral 
filler) for mixing ou the site as r equired. Examina
tion in detail of the properties of various possibltl 
ingredients indicate that hard, powdered, air-blown 
bitumen with short-fibre asbestos and talc or slate 
powder as fil1er forms a suitable solids component fm· 
use · with au ofl such o.s a napthenic-type mineral oil. 

Mastics made with mica or limestone fillers swelled 
on immersion in water, possibly because of the presence 
of soluble salts. 

( b) Bitmn·inous Emulsion Joint Sealers.-Trin1s 
with clay-stabilized bituminous emulsions as joint 
seale1·s for underground concrete pipes showed 
shrinkages as high as 40 per cent. Asbestos fibre 
incorporated as a filler reduced the shrinkage slightly. 
Large proportions appear to be necessary to reduce it 
to a reasonable level. 

8. BITUMINOUS ROOFING. 

_(Division of Building Research.) 
( <L) Properties of Roofing Bitumens.-The main 

requirement of a bonding bitumen for a built-up roof 
is that its viscosity should change as little as possible 
with change in temperntu_re so that it is neither too 
brittle at low temperatures nor too soft at high tem
peratures. These requirements are best met by highly 
blown bitumens, but, it has been found that they are 
likely to harden c-onsiderably if they are over-heated 
during roof laying, whereas less highly blown bitumens 
have been found to be little affected e,,en by gross over
heat.iug. Despite this disadvantage the highly blowu 
bitumens are to be preferred for roof bonding work. 

To provide information 011 the suitability of various 
bitumens for roofing purposes the slumping te.ndencies 
of membranes bonded with the bitumens and exposed 
at an angle of 45° facing north is being assessed. So 
far, the test has shown that light-coloured mineral 
smfaeing such as river gravel is of advantage in 
reducing slump by lowering the temperature of the 
membrane ( even though the weight of the surfacing 
tends to cause slump), and that the venetration index, 
which is a measure of the change of viscosity with 
temperattfrc, is preferable to the penetration, which is 
measured at a g iven temperature, o.s a criterion. in tht? 
choosing of roofing bitumens. 

(b) AlHmi11i11111 l11oil r1.s a Rcfiecti1'e Finish.
Measurements of the tensile strengths of aluminium 
foil and se\·ernl saturated felts have shown that the 
nluminiurn had the highest elongation at failure. This, 
however, is not of g reat benefit as most of the elongation 
i!:I 110t recoverable; in fact aluminium foil as a roof 
membrane has beeu found to "grow", causing it to 
project beyond the roof line, or else wrinkle and buckle. 
Allowance fo r this behaviour must be made when 
ahuninium foil is used as n m£_mbrane. Laying in 
lengths of not more than 20 feet is a considerable help. 

Sernral instances of the failure of altiminium foil 
by rnpturing have heen investigated. The causes of 
these appear to be the laying of the foil on a consider
able slope. painting a dark colour (which destroys tho 
heat-reflecting properties of the aluminium), laying 
lengths of foil great.er than 20 feet, providing excessive.Iy 
wide laps, and using too hard a bitumen. 

( c) ll sbeslos-cement Tiles as a. Swrface Finish.
Earlier work showed that sheets of asbestos cement fir-in. 
th iek ~vei-e. Ultsatisfactory as a reflecting sm·faee finish 
for b1tmmuous roofs because they buckled during 
drying. L aboratory trials 011 1-ft. square tiles ent from 
-i-in. asbestos cement were more successful, and indi
cated tlrnt they wf•re likely to gi,·e no trouble in service 
tlirough buckling and would be suitable for roof decks 
snbiect to light traffic. A field trial with tiles of 
<lifforent sizes is in progress. 

(d) F·ield Investigalions.-Tbc construction and 
subseq11e1_1t o~servation of the performance of experi
me11tal b:tmnmous roof membranes has for many year.~ 
been an mlegral part of the work and h as assisted in 
evnluating _the relatiY~ me_rits _of various technique:; 
and materials used m b1tummous membrane con
s~rnction. Tbe field rating obtained in the examina
tion of the membranes are being assembled on "Hol
lerith '' punched cards for ready extraction of the 
information they contain. 
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9. CONCRETE F LOORS. 

(Division of Building Research.) 

From investigations on the sni ta bi! i ty of concrete 
floors for domes tic dwell ings it appears that such 
ilool's a 1·e co111 parable in perforrnaaec with the con
rnntional tirnbel' floo1·s, anJ in foet baYc wrne aJrnn
tagcs. Estima tes of the costs of tltc two systems, con
crete .floor a11<l timber floor, for t\vo house plans and 
based on eurrcnt uni t rates indicate 11 consichirable 
saYing with the co11crctc floor. 

The need for a waterproof mem 1Jrane under a con
crete f!ool' to prcve11t penctra tion of moisture has been 
examined further by a sun-ey of concrete-floored 
houses in Melbourne and Sydney. This sbo\\'.s that 
fa ilure by penetration of moisture is the exception 
ra thel' than the l'Ulc, ercn when little or no moisture 
banicr bas been pro\'idcd. 

From caleula tiuns it appears that the temperature 
in winter of a house witli a concrete floor on the 
gl'ound compares farorably with that of one with a 
suspended timber f:loor, anc! an experimental check of 
this is being maue. 

10. TnER'.:l!AL I NYESTIG~TIONs. 

(Didsion of Duilding Research.) 

(a) !louse lmmlution and lle~li11g,-:Tl1~. am?tmt 
of insulation that can be ecouom1cally Justified m a 
house depends on the period <lul'ing which cornfol't 
heatin"' is required. No el'idenec has ·been arailahl'3 
to ass:ss this pcl'iod under A ustrnlian co11tlitions, but 
an estirnate has been prepared based on records kept 
1,y 80 families for tlie periou A p 1·il to S<:-ptember, 
1954. From these data the apprnximate hours of 
heating during the winter mouths in _the various 1\us
tralia11 capital cities ham been calculated. 

(b) Floor lleating.- 1:-Ieating by sources locate_d in 
the floor of 11 room is often considered to be the 1Jeal 
method for by its use, a low floor-to-ceiling tempera
ture graJie~1t and a higher proportion of " rn1iant" 
heating can be ~c.;hie_Yed .. Sc,·eral ,aspect~ o~ th1_s sub
ject are now berng 1mest1gatcd. The <l1~tnbut1011 of 
radiant cnero-v transfer from the body to its surround-

oJ . I " 1· • " ings has been studied by meas~nng t 1e rac 1ation 
from an illuminated model fallrng on surface, r epre
sentin" the walls, floo r, and ceiling of a r oom. In 
general, it was found that the proportion of rndiation 
transfer to the floor was cons1derably less thaa the 
n1·ea of the floor r elatiYe to the walls and ceiling, and 
from this it can be shown that cbims that a warm 
floor will heat by radiation without heating the ail' 
are unj ustificd. 

11. AncmTECTURAL Acousncs. 
(Division of Building Ile5earch.) 

Investigations on architectu1:al acoustics ai_m at tho 
rationalization of the acoust1cal design of concert 
halls and auditoria in genernl, with particular refer
ence to the use of th l'ee-dimcnsional acoustic models. 
I t has been shown that the acoustic ·impedance of the 
model walls should match that of the full-size space 
but since pe1·fect rnatchin"' is obYiously physically 
im;ossible, the effect of sn~a 11 chan~cs in imp_edance 
has been stud ied and correlated with the eflcct of 
,·aria tions irn p licit in t be tole1·ances of the model. 

The commonly nsed method of assessing the acousti
cal quality of halls is not entirely satisfactory _and 
several simpler methods haYc bC'en proposed by rar1011s 
workers. One of these, which en tails the measure
men t of rnriation of thp response of a linll to a sound 
of single frequency whirh is slow l.r inc•rcased in 
frerp1e11r,y, has hcen cx:m1inpr] by th is Di 1·ision. The 
results ~ng_gest that, beeau,e the ~ing!e freqnrncy is not 
rcpre~entativc of the complex sounds mf!t in praetir,-,, 
it \\'ould be dangerous to draw conclusions by this 
method about the acous tics of a space. 

,Successful trials with the speake.r column method 
of sou.nd r einforcement for improving listening con
ditions were made in sereral churches and a very 
large hall in Melbourne. The length of the large 
lrnll made it necessary to supplement the speaker 
columns with an clect l'onic delay unit that 1·educed 
ecliocs at the back of the hall. 

lilcasurements of the effects of discontinuities l)ll 

acoustic filter design have been continued and the work 
has been extencleJ to cover the case where the!'c are 
rcHcctions from the terminating duct. The charac
teristic factors of some typical discontinuities have 
been measured also. So far1 there is no adequate 
theory for the prediction of these factors from a 
knowledo-e of the geometry of the discontinuity, and 
ex1ierim;ntal determination is the only possible way. 

12. OTHER INVESTIOA TIO NS. 

(Division of Building Research.) 
(a) Expe1·i1nenlal Stress .t1nalysis.- ~oadi_ng_ tests 

011 two prt!stresseJ concrete beams have g1 reu 111! or111a
tion on stress losses iu the prestrcssiug wires, the 1·da
tio11sl11 p bctwceu calc:ulaw<l crackiug _lua<ls and _those 
obtaiueJ uuJcr test, and the mecha1Uslll of ult1wate 
failu<lc. 

1hc creep of three loaded unreinforced concrete beams 
is bein°· measured over a long period by lllcans of elec
trical :'esistance strain gauges which a1·e proving suffi
ciently stable to provide consisteu~ res_ults. .Magneto
strictire stress gauges for cmbedtlmg 111 _conc~·..?Le test 
specilllens have been cle1·elopcd, but mod1ficauo11s are 
ueeded to increase their sensitivi ty to perwit the 
measu1·ement of shrinkage stresses in coucrete. 

(b) N on-deslnicl i,;e ·1 e.:,lmy.-The applieatiou of 
gamma-ray radiation from cobalt l:i? to th~ 111ca.s1;1re-
111e11t of density has been exurniued ior a wide variety 
of buildinrr 111atcrials am! a correlation between the 
transwissi;n of the radiation an<l the density orer the 
ra1we 2i> to 150 lb./cubic foot bas been found. This 
mettwJ would lllake possible the weasureiuent of the 
density of in situ materials. 

( c) 0 pruyed Vinyl Uuu.tings (" Liquid Envelope"). 
-'l'ests have been continued on the al,ility of tliick 
\'inyl resin watcrprooiing coatiugs t? with1,tancl 
altemating strnins. Oue .sample has withstood over 
7 ,;:;uo cycles of stretching a ud recovery of 0.U6 iuch 
per hom orer a gap of 0.15 inch. 

From examination of a case of embrittlement of a 
vinyl resin film applied orer a bitumiuous su,_-facing 
on a flat roof it woul<l appear a d visable to a ro1<l cuu
tuct between vinyl resius and bi tuminous materials. 

XVI. WOOL TEXTILES. 
1. GE.i',Ell..A[,, 

An extensive progrnmme of research has been under
taken with the auu of improving the use of wool as a 
textile fibre. 'lhis work is complt!meutary to research 
in sheep l.iusba11dr,y, described in Cnaptei-s V ., V 1., and 
V 11., which is aimed at iucreasing the quality nud 
production of wool. The major nuns of wool textila 
research are: (i) to increase the know lcd!!;e aud u11Jer
standing of the complex stnicture of the wool fibre aud 
its pbysical and chemical properties; (ii) to use this 
knowledge to improve wool as a textile fibre, to improve 
teclrnology in wool processing, and to uti lize by· pl'oJucts 
more fu lly; (iii) to improve machinery used in wool 
textile manufactul'e. ln these wnys it is hoped to 
preserve wool's unique position amongst the world"s 
tex I ile £ bres. 

The Oq.~anization's work in this field has been dis
tributed among thl'ce Wool Textile Rcseat'ch Labora
torie~, as follows:-

(i) The :Melbonrne Labol'lltory nt Parhille is 
r esponsible for r rsenrch on the structure and 
ehemirnl 1·cacti1·ity of wool and on the 
carbonizing process. 
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(ii) The Geelong Lnhorntory at Belmont is 
responsible for technological investigations. 

(iii) The Sydney Laboratory at Rydo carries ont 
research on the physics of wool and the 
pliysita_J and engineering aspects of wool 
p1·ocess111g. 

The Division of lmlustrinl Chemistry has coutinuecl 
n study of the constituents of wool w

0

nx and possible 
ways ~f utilizing them or. their dcriva ~ives ( see Sect.ion 
4 of this Chapter). It 1s also stud,vrng_ the structm:e 
of proteins in relation to wool (see Section 10 of tins 
Chapter) . 'l'he Division of Entomolop;_y is ?011t~nuing 
to study the digestive proce~ses of wool-eatmg msects 
and la1:vae (see Chapter IX., Section 2). 

W onl Textile Re.~carch Lalior,tf ories.- A<ld itiona 1 
nrcomrnodation ha~ become available durinl! the year flt 
all three centres. In Geelonf!: the completion of n 11ew 
bnilclinA" has made it possible to install additional fnll
srflle textilr mnrh in<'r:v for experimental nnrl de\·elop
me11tal work on woollen ond wor~trd prore~sing-. Some 
of the mnrhi11Ps were not previonsl:v rt\·nilnblc in Aus
tralia. one! inclust.1·i11l reprcsrntati,·es hn,•c anprerinted 
tl1e onportunitv to hreome f:rn1ili11r with tl1rsr latrst 
clevelonmenls. "rn Rydne:v nnd i'l'frlhomnc thr bllilding 
extrn~ions huvr nilievcd congestion in the Iaborntories, 
worksl1ops, nnd stores. 

In 1·rro1?11ition of thP ""rrllrnt opnortunitir~ nvoilnh1e 
ov<>r•rfls fnr resrnrPh stnff to l<'arn nf 1•pnp,,t ndq111rrs in 
wool tPxti1e rese111·<'h n1vl in nc~orintrrl firlcls of ~"irnce, 
sevrrnl officer!' of the Wool Textile J?rse11rrl1 T.alirirn
tories have visited other rotmtrics for no~t_,,..,,,,t]nntc 
stndv anrl exnerirnre. Some lrn ve held C.S.I.R.O. 
Stmlentships or Trainrri,hips in speeifir> ai::prrts of wnol 
researrl1. A senior enginrcr was awarded a Frllowship 
fiirnnred from fnnds provided b.v the Assori:i tC'd Woollen 
and Worsted Textile Mnn11fart.urcrs of Amtnilia to 
enable him to work in the Department of Textile 
Industries at Leeds University on the theory of roving 
structure and on d1·aftin1?. In addition, two senior 
offirers visited researrh institutions in .America and 
Europe to acq11ai11t themselves with overseas develop
ments and to facilitate nrrangernents for the forth
coming Inter1rntional Wool Textile R.esenrch Con
fercnre. This is to be hcl<l for thl'ee weeks at the Wool 
Textile Research Laboratories in Syrlne.r, Geclong, 
nnd Mc>lbourne between 22nd .A ngust and 9th Septem
ber, 1955. 

In .July, l!l:i4, pnblirntion was commenred of 
"Wool Textile Nrws" which aims to bring before the 
wool textile industry in a readily nnderstanrln hlc form 
the latest research results from both the C,S.l.R.O. 
laboratories and research establishments oversens. 

Co-operation in 1·c>scarr.h has been continued between 
tl1e Wool Textile Research Laboratories nnd univer
sities and te<'lrnicnl institutes. In Sydney, for 
example, one officer lrns been able to cany out research 
on the supercontrnction of wool and on the uptake 
of surface-active ngents in the School of Applied 
Chemistry of the New 8011th Wales University of 
Technology. Anotl1cr hns undel'taken X-ra_y dilfraction 
studies in the School of .Applied Physics in the same 
university on the structural changes in wool fibres 
during stl'etching. Similal'ly wool textile fil'ms in 
vnrious States have been intc1·csted to test nc""ly 
deYeloped processes, nnd in Sydney facilities ha ,·e been 
placed at the disposal of our officers to assist wi1h 
engineering- studies of wool textile processing. Such co
opcra tion, both on the part of our highcl' institutes of 
Jen rning and the wool textile ind11st ry, represents nu 
important contribution to research progress, which is 
gratefully acknowledged. 

Joint rcsro re hes ha Ye been a rrn ngerl between office1·s 
working in different Wool Textile Research Labornt.oric~ 
where it was likely that progress iu dealing witli a 
pn1·ticulnr problem would be assisted by bringing 

together different types of experience and technique. 
Thus the mechanism of shrinkage conferred on wool by 
a resin pl'occss developed at the Ueclong Luborntory 
has been studied at S_ydney. 

2. TIA w W oor,. 
(Wool Textile Research La bora.torics.) 

( a) Branding Fluicls.- N ew L.B.E. Branding Fl~id 
was widely used during J.954-, over 72,000 gallons being 
mar1rntecl by rnrious firms in Austra lia; the fluid was 
also made and used in other wool-growing countries. 
In the meantime, further research has resulted in the 
development of a fluid which can be safely applied to 
wet sheep and completely resists remo,·al by rain 
fallinlJ: during or after application of the brand. The 
trade name "SI-RO-MARK" ha;; been rei:ristered hy 
the Org-nnization for this new product. The regist,ered 
trade name rnny be used under 1 icence by manufac
turers who comply with cer tain conditions in man11faC'
tL1l'ing the brand and whose prodnrt satisfies certain 
tests. With these precautions it shonld be possible to 
ensure that ~rnziers are able to obtain a uniform 
materinl made i;trif'tly in ncC"ordanrr witb the recom
menrlations of the Orgirn ization. Ah·eacly t\\·enty Aus
tralia11 fhms have Leen licensed to use the trade name 
and inquiries hal'e beeu rrceind from other \l'Ool
g-rowing countries where the fluid is likely to be widely 
used. 

(b) Fellmon.,qerin_q.-Improwments in fellmon~er
i11g practice are still being marle tbrough the gr;idu::il 
adoption of recommendations bn~ed on the results of 
tbe Organiu1tion's research completed during the past 
few yeors. Temperature regulating equipment is Lein~ 
widc•l_y used to control the 1·ate of bacterial ~rowth 
during tho swenting of sheepskins, anu the lo~s of 
depilatory action due to the use of excrs;ivel,v high 
eoncentrations of sodium sulphide in depilatory paints 
is now recognized and a,·oidrd. 

Heat shrinknge of the skin pirccs followC'rl by Yigorons 
11ernt:ion to promote tlie rrlra~r of wool h,;, h:irtr1· i11l 
digestion of the skin tissues hn\'e been widrl,v arlopted. 
An interesting development, wl1irh resulted from nn 
attempt to srp1ceze "·ater 011t of slnunke11 skin pirres 
clming an examination of this prnress at o New Zealand 
fellmongel'y. led to thr design of a nPw machine for 
reeoYcring- the wool. This marhi11e pnll~ the wool ou1 
of tl1r ~h1'11nken skin ~o tlrnt the neces~ity for rnbsrq11rnt 
skin dig-e~tion li~ the enzyme or aerated warm-water 
processes is avoided. 

( c) Soll'fmf Deqrrn.~inq,-/\rlrlitiona l romhin!! trin ls 
han been mnrle on lar~c h11trhrs of ,Yoo] of di-ff<>rent 
q11alities treated by the jrt solrrnt dC'greasing unit. 
In all instances, grenter yields of top wel'O obtained 
and there is little doubt that wool proce~sed in this 
way has distinct indu:'trial advantl'1gcs. Worsted pro
cessors arc showing great interest in the plant nnd 
preliminary anangcments ::ire being made for the 
installation of a commercial unit in one la1·ge ~us
tralian worsted combing mill. Certain Ol'er~ras fhms 
are nl,o showing considerable interrst in the method. 
Further advantages of tho solvent degreasing process 
a1·e tl111 t the tops produced m·e whiter in colour tl1an 
those produced from the same wool by normal scou ring 
met.hods; almost complete recovery of lanolin is 
effected b_y sol"cut distillntion, whirh is an essential 
~tep in the p1·occss; muc•h less spnce is occupied by 
the eq11ipment than by 11ormal S('ouring plant; less 
steam is 11,ed; and the efllucnt disposal problem is 
eliminated. Moreovei·, it mn_y he pM~iblr tn rerover 
t.he potash as nn additional hy-produrt of the solvent 
process, anrl appropriate exploratory experiments are 
now in hnud. 

( ll) Carbon·i~in.q.-Satisfactnry methods hnve been 
developed £rstl,r, for measuring the damnrre to wool 
by sulphuric acid-tho method is sufficiently sensitive 
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to detect the effect of ncid even when used at concentra
tions below those employed in the carbonizing process 
-and secondly for measuring the ease of crushing 
burrs after acid treatment and baking. These pro
cedures are enabling a vigorous search to Le made for 
agents which promote the action of s11lplrnric acid on 
burrs or reduce its action on tl-:e wool. Unexpectedly 
low resistance to carbonizing has been observed with 
burrs of the species /JI edicago minima, grown m one 
particular locality. 

3. Fr.EECE BY-PRODUCTS. 

(Wool Textile Research Laboratories.) 

(a) lVool Wax.-The flotation method of rccoYery 
J1as been developed further auJ is now in use in four 
Australian wool-scouring plants. Factors such as ngc 
of liquor, concentration of soap solution used in 
scouring, and rate of feed to flotation cells l1ave all 
been found to affect recovery figt1res. It is therefore 
essential tl1at such variables be carnfully controlled in 
order to obtain optimum recove1·y by the method. 

(b) Potash.-In view of the demand for potash as 
a fertilizer, a survey is being made of the potash 
content of greasy wool from different districts. Pre
liminary results indicate a potassium content of the 
order of 1.5 per cent. of fleece weight, and t.he possibility 
of recovering this from scour liquors will shortly be 
examined. 

4. DERIVATIVES Frto~r Woor. WAX A:,,o Su1NT. 
(Divis ion of Industrial Chemistry.) 

(a) Wool Wa,x.-A major portion of t.hc programme 
uf research into the chemical nature of wool wax has 
now been completed with the isolation and identifica
tion of all the members of the series of aliphatic 
alcohols entering into the ester portion of wool wax. 
The aliphatic alcohols, forming 22.5 per cent. of the 
total alcohols, are comporncl of 2-3 JJer cent. normal 
alcohols, 9-9.5 per cent. eac11 of iso- aml ante i.so alcohols 
and 1.5 per cent. diols. The normal alcohols have a 
longer average chain length than their corresponding 
acids. 

The fractionating molecular still, which is to be 
used in an attempt to separate the individual esters as 
such, is completed and is undergoing tests. 

,Solvent fractionation of wool wax l1as prodnced a 
range of frnrtions of widely differing physical 
propertirs. Thrir composition aud cbemicnl properties 
are being determined with a view to t.hrir utilization, 
and samples ha\'e been sent to potential industrial users. 

He.~f'fl rc•h designP.(l to srPk possihle 011 t lf'ts for the 
lnnostr.rol of wool woit as a raw material for fine 
chemienls of biological or the1·a peutic interest is in 
progress. A compound structurally similar to the 
nat ural sex hormone. prngestrrone, has been prepared 
as a starting- mntcrial for other hnl'lnone annlo~nes. 
The results of biological tests are Rwnitrd. A convenient 
method has aho been fonnd for the conversion of 
lanosterol to a hydroxy-acid wi th ri11g contraction to 
produce the nucleus found in the biologically active 
steroids. 

A study has begun of the spontaneous oxidation of 
wool wax by atmospheric oxygen , which is doubtless 
responsible for its deterior11tion. To assist in the undcr
s~anding of the process, the chemistry of the autoxida
hon of lanosterol it0 elf and of its s,ynthetic long-chain 
esters is being examined. 

In _coll~bor~tion with the Division of Entomology, 
a pro.1ect 1s bemg- undertaken to determine tlie features 
of fl steroid molecule nePessary to promote the o-rowtb 
of certain insects, as it is kn~wn that chole0 ter~I is a 
growth. f_a~tor i!1 suc]1 cases. and the possibility of 
.synthes1zmg toxic antunetaboli tes is envisaged. 

(b) Suint.-An investigation of the organic consti
tuents of suint has been commenced. Suint is the 
mixture of water-soluble substances present in the raw 
fleece. It appears from previous work to consist 
largely of the potassium soaps of fatty acids and other 
water-soluble acids, together with amino acids ancl 
other nitroge11ous substances. However, no fatty acid 
hiL~ been iden~ificd with certainty. The work is initially 
concerned with the fatty and water-soluble acid 
con.~tituents. 

5. 'iV OOL TEXTILE PROCESSES. 

(Wool Textile Research Laboratories.) 

( n) Yarn 1llan1dacture.-TLe 1''orsted drawing pro
cess is being imestigated sinc·e it is one of the funda
mental steps in making worsted yarn . A member of 
tl1e Geelong staff stationed at the Wool Industries 
Research .Associntion, Leeds, has used a radioactive 
tracer technique to study the movements of fibres 
during drafting. The work indicates that irregularity 
in worsted slivers is due t() brenk-down in general 
continuity condit ions rather than to fibre accelerations 
as pre\·iously assumed. The radioactive teclmique has 
::ow been used also to assess the number of contacts 
between fibres in slivers at densities encountered in 
practice. Results show that fibre contacts can be 
quite high, increasing with sliver density up to 300 
per cm. 

The frictional forees in oiled ynrus, when examined 
under conditions comparable witl1 those encountered 
in practice, l1ave been shown to he not critically 
depe:1dent on the quantity and viscosity of the oil 
applied. 

In another inve~tigation into the configuration and 
strain of single fibres during worsted yarn manufac
ture, using a radioactive tracer technique and under
taken at the Sydney Lnboratory, fibres have been 
impregnated with a mdioaetive phosphorus compound 
and then singly replaced in the main lot of wool at 
an enrly stage in processing-. As the fibre nasFes with 
the wool tbro1wh subse<1nent machine~ it is lor.:ited by 
means of a Gei~er counter unit. A photographic film 
is then pressed against the wool and the rndiations 
from the sin1?le treflted fihre make an imprint of the 
fihre on the film. Tbis is callPrl an antn1·arliogranh. 
The m1torndiogra ph~ nre am1 lvsecl for changeq in ·~h11pe, 
particulnrly in respPrt ()f ·fihre crimp 11nrl fihrr PXff'n
sion. The stndieQ are proving- mo~t fr11itf11l nnd have 
alrendy g-iw•n informntinn l'onrerning rhanl!P9 in the 
amo1mt or rrimp anrl in the nmonnt of strain at various 
stag-es 11p to tl1e snim1in_g proresses. 

(b) lVNmi'n,q.-r'or pl11in WN1ve f'lot'h~ from 2/:tO's 
11nrl 2/ 40'" y11rns it ha~ hPeTI ~11mrn thnt, in mc,sf C'ASP.S, 
11lmo!lt all the ob•ervrrl r<'rt1irtinn in yarn strPnl!'lh 
dnrin!? weaving ii< rlne to nhr·a~ion of the :VAT'TI hy the 
movin!? part!l of the loom and not to the eyelic varia
tions in yarn tension. 

( r.) R7ear.hinq and DyP-in_q.-Rei,ra.rrh is in pro!?r<>.~s 
to develon methods of imnrovin.!? fa~tne.os to wa•h in~ 
()f wool dve~. A deta,ilerl study liai. bef'n made of 
factors 11ffert1ng the Pase of removal of acid dye~ from 
wool in order to dPtermine the dyeing- condit;ons 
7iving onti,.,,nm ·wpt fnstness propertie~. In adrlitioTJ, 
the pos•ihilit:v of imprnv in.!? the wet fa~tness of ac;d 
dveq by <'hemiral modificntion of the. wool anrt hy 
vm•ioHs a f ter-trentments is heine- i1nre$tiirnted. Wo"k 
is al~o in pro(l'1•ess to determine whPther thr wo()l itself 
plays a pltrt, chemically in the fading of acid dyes. 

6. M' OPIFIOATTON OF W oor.. 

(Wool Textile Research Ieb,.,ratories.) 
(n) Rl,r{71~•monfi,,.,fl.-The "SI-RO-FIX'' nMcess 

whirh involves the tl'ra tr.ent or wool with n~ 
alcoholic solution of caustic alkali and polyamide 
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resin has been further developed. Pilot-scale equip
ment has been installed to permit impregnation of the 
fabric with a very small quantity of solution using 
nn l1ydrnulic press; this obvintes t,he necessity for 
standing baths of the impregnating liquor. The same 
technique has been applied to allow the treatment of 
wool with alcoholic alkali nlone, and represents au 
11c1'rn11ce over p1·evious methods of shriukproofing with 
t.h is reagent. 

A method bas also been de,•cloped for shriukproofing 
wool with n solution of unsubstituted polyamide (i.e. 
nylon) in alcoholic sulphuric acid, which would be 
rhe:1per than the "SI-RO-FIX" process. 

Other cheaper methods of shrinkproofing using 
protein materials are also being investigated. Success
ful shrinkproo:fing has been obtained, for example, by 
imprrgnating the fabric with casein or gelatin and 
hardening the prote in deposit with formaldehyde in si/,n. 
These deposits, however, are not as effective as the 
polyamidcs iu withstanding hot aqueous acid solutions, 
such as those used in dyeing. 

All resins or other materials which prevent felting 
by bonding the fibres together r ely on adhesion to the 
wool fibre for tlieir effect, nnd it has been found that, 
for optimum results, the wool requires some form of 
vretreatruent to increase this aclliesion. The exact 
nature of the change vrodncc<l by a desirable pre
tmatmcnt is now being investigated. 

( b) Physics of Polymer Deposition.-.A. considerable 
number of experimental treatments for resin deposition 
for shrinkproofing cloth have lJeen examined by physical 
methods invoh·ing stcrcomicroscopy, staining, section
ing, shndowing, and micromani1mlation. Distinct 
di ffe1·ences jn the formation of tl1c resin on and between 
fibres for different resins has been shown. The correla
tion with shrinkproofing processes is being sought in 
collaboration with the chemists engaged on the project. 

( c) ilf othpraofing.-Two lines of work have been 
pursued in this field. Firstly, it has bceu found that 
certain anionic surface-active agents when applied to 
wool during dyciug confer resistance to moth attack. 
A wide range of such products has been examined and 
many of these have been found effective. However, 
tl1cse agents are not sufficiently fast to washing and 
further work will he necessary to overcome this dis
advantage. 

Secondly, encouraging results have been obtained 
using the new insecticide dieldrin and related com
pounds. Preliminary tests indicate that these com
pounds after application to fabrics are fast to both 
washing and dry-cleaning. Some industrial trials are 
now in progress in which the insecticide is being 
applied u~der a variety of mill conditions. The method 
may provide a convenient and cheap means of moth
proofing wool. 

7. PHYSICS OF WooL AND FmRE AssEMDLIES. 
(Wool Textile Research Laboratories.) 

(a) 111 echanical Properties of Single W O'Ol Fibres.
The permanent crimp of wool is one of its outstanding 
properties since it makes an important contribution 
to the properties of heat insulation and resilience. 
which are characteristic of fabrics .made from wool. 
An investigation of the load-extension curve of wool 
fibres over the decrimpinp: range has shown that the 
elastic properties in bending differ from those con
cerned when extending the fibre. The decrimping 
curve has been. correlated mathematically with tho 
physical properties and shape of the fibre. 

'l'he mechanical properties of single fibres during 
5 to 20 per cent. rxtension in water have also been 
stndied. 

(b) Regain of Wool.-Hesearch into the intcracti?n 
of wool and water has been increased because of 1tg 
great importance in commercial transactions, i1\ manu
facture, in textile end-use, and in undcrstandmg _the 
basic structure of wool. The way in which mechanical 
properties of wool are profoundly affected by t he 
amount of water in wool is also of great interest. 

The regain of several samples of wool has been 
measured accurately for a range of temperatures and 
relative humidities, aud measurements have been made 
of the amount and rate of swelling when a dry :fibre 
is immersed in water. This has given valuable informa
tion on the way in wl1ich water enters and diffuses 
into each wool :fibre. 

Met.1iods have aim been developed for measuring the 
rate nt which a single wool :fibre takes up water from 
an air stream at various values of relative humidity. 

( c) 'l'herrna.l Ooncl.ttctivity of F'abrics.-A. simpla 
and accurate method for the measurement of thermal 
conductivity of cloth has been developed. Measure
ments on cloths covering a range of ends and picks 
pe1· inch show that the density of a cloth is more 
imyJortan t than its thickness. 

8. I-L:sTOLOGY 01, w OOL :F'mn.ES. 
(Wool Textile Resenrch Laboratories.) 

An understanding of the mechanical, physical, and 
chemical properties of wool largely depends on the 
extent of knowledge of its structure and of its reactivity 
with other substances. Studies of wool :fibre structure 
arc therefore being vigorously pursued with the aid 
of all available scientific tools and techniques to yield 
information on structural detail both at the micro
scopic and submicroscopic levels. Opt ical microscopy 
and histochemical methods are being used, for example, 
to yield further information on the bilateral structure 
of :Merino wool. This property is certainly closely 
related to crimp since the S cells, which arc located 
in one half of the cross-section of fine, highly crimped 
wool fibres, are located in the centre of coarse fibres 
leaving a ring of If cells distributed around the 
periphery. Two segments cannot therefore be dis
tinguished in very coarse wool fibres. 

Further application of tho gold shadowing technique 
in conjunction with visual microscopy has enabled 
detailed studies to be made of the well-known Allworden 
reaction for fibre damage using both chlorine o.nd 
bromine water. The membranes of the bubbles formed 
at the surfaces of undamaged wool fibres on treating 
with chlorine water are composed of structureless 
epicuticle, whereas ribs and furrows can be seen in the 
underlying exocuticle attached to the epicuticle in tho 
membrances released with bromine water. The shadow
ing technique has been used to reveal the structure of 
resistant membranes and other material isolated from 
oxidized wool, for example, of the nuclear remnants 
obtained from the cortical cells and the closely related 
fibrils. It has also allowed the imprint of the scale 
edges on the adjacent underlying cortical cells to be 
demonstrated, and likewise damage to the fibre surfaces 
by treatment with chlorine, bromine, sulphuric acid, 
und trypsin. The main virtue of the method lies in 
the great amount of detail which can be deteoted at 
comparatively low magnification and thus without the 
necessity for restricting the field under examination 
at any one time to a very small area as in electron 
microscopy. The relationship of :fine structural details 
to coarser features of the fibres are thus revealed and 
-the location of fine structures in the fibre can be ~stab
lished with certainty. 
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r :r- . o. WooL P ROTEIN CTIEMISTRY. 

( Wool T extile Research Laboratories.) 

Structurnl details of wool at submicros~opi~ lcYels of 
magnification are being ~btaincd ?Y exammnt1on of the 
wool proteins in situ usrng physical methods, such _ns 
infra-red and X-ray spectroscopy. llowev~r, detail!! 
of the structure o f individ ual protein coust1tucnts of 
the fibre nre more readily obtained by extrncting the 
wool proteins and applying to them n wide range of 
methods which h a ve been de,·clopcd for the study of 
soluble proteins. Hecont progress in this direction id 
summarized in the following section. . 

(a) Preparation and Properties of 1Vool Protein 
Solutions.-The major protein of wool, termed com
ponont 2 or kern teine 2, wl!ich has been. obtai:1cd elect_ro
phoretically pure by fract10nal extr~ct1on wit~ alkaline 
thioglycollnte, has now been exlcns1vcly studied at t~c 
Melbourne laborntory. Adc)itionnl penks appc~ring _m 
the descending pattern d nrmg clectrophores1s m th10-
glycollate solution are n ttrib11tcd ~o the stron~ _tcndcnry 
of this protein to combine with itself, but tb1s can_ be 
<>liminatt>d bv incrcasir.g the sa!t conhmt or <lccrcns111g 
tho protein ~ontent of the solution. The tendcn_cy of 
this wool protein to aggregate mny piny some part m the 
growth of wool in the skin follicle. T he molecular 
wei~ht of kernteine 2 determined by the surfnce balance 
method was shown to be nbout 32,000, but the molecules 
dissociated into smaller units of molecular weight 8,000 
at low protein and salt cone~ntrnti?n. A_mino acid 
annlysis showed that kernte1ne 2 contamc<l more 
aspar t ic. and glutnmic acid residues a nd amide nitrogen 
but less cystine and proline tban the parent wool. 

Chemi~nl deriva tives of the m ixed proteins extracted 
from wool with alkaline thioglycollatc were prepared 
at the R ockefeller Insti tute in the United States of 
America some twen ty years ago. Now tlwt t.he mnjor 
wool protein ca n be p;·eparcd cl~ctrophorrticnll;y pnrc, 
it has been possible to extend tins wod, by mak_1ng the 
corrcspondi11q dcrirnti \'CS of t he pure pr otcm nnd 
therrby producing modified wool proteins which are 
stable in the absence of tl1ioirl,ycollate and therefore 
very sni tnblo for characterization h.Y various chemical 
methods. 

Int11rt wool l1ns nlso hren r oncatcdl,y r educed with 
thioglyeollate under conditions whirh avoid dnmaqe !o 
peptide bonds to split nil the disulphide bonds. Their 
reformation has been prevented by interaction of the 
sul ohyclry l groups with iodoar~tamide, ·and the solu
b ili ty properties of this modified wool ho.ve been 
investiga tcd. 

Another 111·oioet lias l>een concerned with tho study 
of Rolnble deriYath·es ohtaincd by oxidizin11; the disnl• 
phide boJJds of wool w_ith prracetic acid . and di~p~rsing 
the nroduct in ammon1n. Elcct1·ophores1s aucl sed1mcn
tation studies in the ultrnccntl'ifuge agree in showing 
tho.t the protein solutioll i:o obtained contains m?lecnles 
of various dimensions. The p1·esenco of these different 
molecular species is attributed to aggregation and 
changes in shape of the wool proteins. Reliable 
men!-!urements of the scdimentntion properties of the 
wool proteins hm·e been made possible by improving 
the design of tl1e a'\"11ilnble ultrnccntrifup;e to ennble 
heat generated by friction to be r emo\·ed ns it is 
produced. 

(b) Amino Ar'irl Composition of Wool.-Analyacs 
aro now b('ing mnde of n series of wool snmplrs tnkrn 
from 'Merino sherp used in the C.S.I.RO. strnin trial 
experiment (see Chapter V_II., ~cction 14) .. Theso arc 
r evealing the extent to winch t l10 oompos1trn.n ~f _wool 
varies between differ ent areas on the body of 111d1ndual 
sheep between d ifferent sheep of the sn.rne strain, nncl 
botwe~n different Morino strains. 

(c) Paplide Cllemistry.-Varions metho<ls have 
been compnred for linking to~cthor tho building stones 
of wool, thnt is, the amino acids, to form peptides, nnrl 

a series of cystine peptides and r elated compounds has 
bceu prepared for studies of the effect of peptide struc
ture 0 11 tho chemical reactivity of tho cystine d isulphide 
bond. A lready the r eactivity of this bond has been 
shown to Yary with tho nature of the adjacent groups. 

( d) Infra-red S pectroscopy.-Data have been 
n~~emhlrd on t he iufrn-red absorption characteristics 
of pnrtit•uln1· gl'oups in protein~ and an ~bsorption b~nd 
]111s been ideutific<l cor1·cspo11d111g lo am1do side cbatns. 
The })J'OJ•Cl'tics of the baud show the manner in which 
tl:ese groups arc 01·ientcd in relation to the wool fibre 
axis. 

10. P uoTEIN SrnucronE, 
(Division of Industrial Chemistry.) 

'l'bc Division of Ind ustrial Chem istry bas continued 
its im·cstig-ation on the sti-ucture of p roteins, particu
lnrly the nbrnus proteins, such as wool, hair, and muscle. 
Fu1~damental to th is work is the synthesis of a cry1-1tal
lizablc peptide sufficiently long _to sho,y t~e propo_sed 
helical structure of the polypcpt1dc chn tns m prof.ems. 
In the preliminary investigations glycine pcptid~s. ~p 
to octaglycine have been prepared, but low solub1httes 
prevent further extension of clrn ins of this single 
1·csiduc. The synthesis of a series of peptides in wbich 
every fourth residue is L-lcucine is being attempted. 
New fnr•ts in the chemistry of pl1thaloylnted and o
carboxyhcnzoylatcd amino acids a11d peptides have bee_!l 
rcconlcd. Also, a new and unusual reaction, of con
sidcrnlJ\c sil!'nificance in the field of peptide synthesis, 
hns been discO\'cred. The acid chlorides of the p
toluene sul pl1onyl derh·atives of aliphatic a-amino ncins 
ha\'e been shown to be dc~raded readily by cold 
a(]ueous nlknli to p-toluene sul phonamide, a carboxyl 
comnoun<l, ca1·hon monoxide, and the choridc ion. A 
mcclrnnism ha~ been proposed an<l the study of this 
reaction extended. 

X-ray studies of the amino acids, the ultimate_ units 
from which proteins nro composed, h n,·e been contmued. 
T he structure of asp:ntic acid hydroch lorido lrns hcen 
rrfined to the limit imposed by the e.'>perimcntal data. 
This annlysis hns establi~hrd the impol'tnnce of i;everal 
fnc•tors in arhicving h igh accuracy in single-crystal 
strnct11re nnal.v~cs in trcnernl. X-rny molecular ~trne
turC> sturlirs r eported elsewhere ( ,~ee Chapter XVIII., 
Section O (b)) hnvc lNI to new annlytical met bods for 
~tructme which nre of sitrnifirance to t he protein strue
turc invcsti1rntions. Computing machines being 
developed and hnilt in the Didsion fo1· strnctnre 
annl;rsis computation nre a hnsic_necessity for the pro
tein and peptide structure studies. 

Electron rniscrocopirnl studies of ultra-thin sertions 
of wool fibres and wool follicles have prodclcd a foirly 
complete picture, nt the fine h istological level, of the 
development of the fu lly keratini1,ed fibre from the cells 
of t he wool root. The recently discovered bilateral 
structm·e of wool fibres hns been shown to arise from 
:in earlier and more complete fu~ion of the kerntin 
fibrils on one side of the fibre cortex. Studies with the 
electron microscope on the st.ructnre ancl function of 
muscle hnrn been continuerl. 

11. B101.00ICAL DEORADATION 011' TEXTI LES. 

( Wool Textile Research L aboratories.) 

(a) W ool Dama{!e by Bnclcria.-The dewiloprnent 
of n snitnb!o mrthod of ste1·ili?:i11g wool wi thout damag
in~ its proteins is being attempted for use in studies oi 
the suscrptibility of wool to nttack by ,, arions bacteria. 

(b) Fungal Degradation of Cellulose.-O£ the 
enzym~s produced by the cellulo~e-destroying fungns 
Stnrhyboh-ys afra, tl1e ,B-glncosidnse which n ttacks the 
bonrl linking- glucose to nnother unit other than a sugnr 
has been well rhn.racterized. 1fothods of preparin~ 1111.-l 

pnrtly p11rifying the euzyme ccllnlnse. wl1ic:h ini tintc!I 
nttack 011 cellulose, bnve also been worked out. 



A new process. has been d.e.vefoped for. niol!lldproo,ti.'rrg 
canvas which. depends, on (io,nve1~t i11g: a.bo,l!l.t ] I!li 2'00 
fl,[ tlrn g·lm:o,se 1·esiid11es i11 ecllU!fose iut11• a. more l'ea.d iivc 
gtmtp lmt wif:lucmt spl.itt.ing the. n,;11iu edll11lose d1a.im. 
'l'he eoi11ve1:ted: g;i-o•lllJJ<> m.•e then aJlowe~ to react witlr a. 
p1·otec:t1re l'~aµe.nt. ]11 faho1·ntm,y t.r 1:,nl1s eanvas pt·o
tecte,J in. tlh,is. way has wi.t:hstoo<l rotting iR soil bul'ial 
te,:;ts. 'rfa.c m:e!:h.o<l is now b:e,ing furtlwr studied mu) 
attempt.s: are, be-ing; made. to cfae.-'1.pcn the process;.. 

12. G1m1mM,, Pno'li'EFN brvEsTI.oATIONS. 

(Wnoli Textile. Research 1:auoratorics .. ) 
(a,), Ooll:aga.n.-The aceti@n of' two p1·otcolytfo 

mizymes, trypsin iund coUHgeuase,, f,·om th<1 baeted1tun 
Olasfri:di.11,m.i we./,chii orn various. er1lfag;en JH'C]1an1.tions 
!1as bctm comp::nedl. Close-si1111.i.larity hrus li.e.cm. obsenwd 
bohvee11v. tbeH, except, that eollagcuase a,t:taicks c.oUagen 
soiuhle in ai.cet'ic a<'id nio1·e nupiJdllJ t,nan does tl\yps.iu. 
J!-;oweve11, too s,1:111.alll a. fH'Oll•?rtiio•lil of tlw sld11:1 protei1'l!.S ia 
<l1geste<li hy these (tm:~yu~cs for them to he LlS(;d foli· t,ho, 
refoase, oi soln.ble. fragu1e1tts fro1n skin .for st 11d/y hy 
0dw1'. cJiernicaJ met;hodls, 

(b) Ptti·e Prolein.s,,-To ass.i~t, £11 devefoping ru,othod.~ 
suitable for the stud,y of wool pro-teiins:, fovestiga.tions. 
ha.v·e llieen. eonfomed with. JJUh'O prntei1'l!s. Die cystine.
con taining-, pro,teiu, fo,stnl'in" :fo,·· e1x·an1pl1e, has IJeen 
studied with t!rn aid of the srrnfoce tmlan~e. Its mole
<.m],'llr wcig;ht ]ms heern s.l!J,own fo be rnho,ut G,0:00 En ac.ir! 
soh!tion am] t.o 1:e,1md.n at t,hiis 1ralu10 in foss a.cid solu
tions ou]y· if t.he eo111oon tration reruai'11s, vei:,y fow·. 

.ltuo,tl!i,:J<11 p1.1tre pro1tein., lysozyme, Jins l:eeu u£ed. in 
stu.dlies qf: amir1.o 11c,id! seqmence.s. BJ splitting the pi·o
f;c,]n into, &1,ua]I p.ep,ttidea, with rucid amd i!sola.ting and 
id'.enl;i1fy[1'1!g these, a nmi:ther nf sequcinoos in tle pu.ren,t 
m.olec11le havu been ideJ1t.-ified. 

XVII. PI.ANT FIJ3RES. 
1. GENERAL, 

OniJ1y t\v-o J,fant, fibi:es) cotton :n'lld i~ax, o:re produced 
C.0U'JJUlel"e.i1rnll!y 111 Am,trnhrn or ltustrn]i:rn T'cr1:itm:ies, 
altl1.m.1gb t.hc po,ssiTuditics of d01rc.l.opi11g oOuw fiilm.,;s su:ch 
a,s: 11..cmaf, rn.n:1.i:o, manilla, l1emp, and eoi 11 a.re b,ii,n,\\' 
inve,-tig:ll:ed. Tire cott·o1~ i.11Jm,fa·y,, begun in Q:uecn$laml 
ll!hol.llt 30 ;irmu·s ago,, em1trih1mh& a. s1na,lll but iMereasing 
pro1t101:tiim lil•f t;he count.try'.~i 1·cq'nire:mcnts o.f t;]ds nhre. 
The .A.ustn.Ji.a.11 lfox fodustrr, gi·ea!.]y exp1u1d'.eil uml'.er 
governrne-nt. ~on t1, .. o.J dun:ing Une war, is: now wen 
esfahlisilLeill aud. ali·]e t.o- supply U1.e wholii of the loca.11 
{te1111111d. T]rn ]>•Ja.nt. Fili1·e &c.t.ion was est,':Dl'1lisl1.ed 
0;riigi'na.1ly to assist with tlrn problems of the Hax. 
iimfostry nnd was th,e.t1. k:1.1.nwn as t.he. Flax Res:eard1 
I,ai]rnra.t:ory. TY1is Seetio-n was s:n.nscqueutly e..,p•!l!JHl.ed 
to i 111d.ucle work 0,n a uu11:nt1e.r uf other plant fihe-.5 as 
well. 

Pfo;nt Film! Saction.-U11Ji] i:ecr.nt!y tltc. m_,;tiviti.es, of 
the: Sectimv ernhnrned a. wid.e firld of: research o,n agd
cnltuni.l~ pr-0,ccssing, n1an ufaetlll'img, amd utilization 
1worJl ems of phmt, i1Lrn 1,.i,1'(Hliuet,'i:. During the flRRt 
t\\rc]ve, rn,,:mths, J1111rn1<wc1-, t.he. w·o1·k: of tlie Section hag 
bc.c. h1 t.1·mu.sfonrod' eo J~rohfoms of £odd.cw t~ons.e:l.'v·rution 
(gee C111tpte:i: IU., Section 2-4). 'flu~ Sootfon has 
m:?;Ve:rthel MS (!';O.n tinned to eoopera tc wiitli1 Uie Flax 
Co,1i.rn1,~iss:10:l.ll, tlic Victol·iau Depa1·tmm1t 0£ .&g6tel!Jltm·e 
ain<l tlie IDep•arl:ment 0,f. Touit0des, iu resc~tu:cb, (ijn tJi-~ 
ymices:aiug .~nd spinui.ng of ii:b1·aiii. 

2. AcmrCl,'T,'li'tmA.L INVESTIGATIONS. 

(JP]a1,tt Fihre S'cc,tion.) 
FiiTu.re Jidd and'. apin.11]ng tes.f.a have sl10,wn that gevera.l 

oi, the, !leW r11sl;-re.aisl:un.t fll111x. Y~.l·ieti0s dmrc1oped by th.e 
V 1ct.ormm Dep~~·t.rno1itt o.f Ag1:ucnJ;tn::P., eqll\o.l o,r _e..~~•el,, 
unde1: 10,e:1.l cm1d.1t10,n.c;, t!H~ 'best o;f tJrn 1!upm,t.e:d vn:.nef:1.e~,. 
a,]] l'lf which 1ure sus<'..ept1hh, to tsho .~tl't1rn11 of 1·ut present 

in this count.:ry. Tiro etle,ct of t.b:e use 0f modern 
weedicicdes on t'.Jia de.vr.lopmcn.t af £hre in f;fuie growi~g 
fl'ux 1ijfont i.s, beiing stlldied.. Ffolld. tri!atfa of kenaf m 
Paprm aud New Guinea b,-l\'B p1·od.nced fil,H'e which has 
been spun by the Pkrn.t Fifn:0 Sed i:on into yarns com
prnaib]e. 11ritEt tlie. best ya.rnrci rJf. irn,pol"ted ,jute. 

~.. P'n0CES:S:rno A.ND U T'l UZ,\ TH)N. 

(I>1ant Fibre. Sect.ion.) 

(a,) Waler li';ctt,:ng.-Iurestigati.ons of the, technique 
of wate,r re,t.ting flax wit;lt1 aerat.io:n of the Hqmor during 
tlie process 11:ave miw beim concluded, Thils 1nethod 
gre;atiy rnd.uccs the rctting period' witlio·ut iim.paidng 
the Hpiu ni.ng q_1.UJ!lit.y 0£ the fi\bre. 

Son:1.0 smu.11-scale. in 11c~t:iga.tim1.s 11:in•e lrntm n1ade of 
the water n, tl;ing of cocmn1t fiblie, em1sidr.~ra:h]e quanti
t;ics of whi.d1 arc WcJW H\'aihi bl.c in New (hil'lea. 

(b.) 8'cntching.-Itn 1n·m'enMmt,& on thi.. performance 
ofi th<', sl:.:u1da.rd'. ty·pe o! scut.ching rnac.1.iine in use in 
flax mills in .~ust1:aEa. hm·o been. shown to li~uit from 
varim;s _111odi.ficati<11ns suggested by tfue Secti!on. 

( c) F1·e,t,1J,ri.ng a11cl Spi,mu.n.g.-Tbe. 1ahorat01·y spin
ning p.l'ant has been full3r w·em,rii'ed with the e:vmluation 
o.£ fthre front va1'ious fidd. :a.nd' p1·oecssing i11vest . .igations. 
Pmtlmer informaJ.ico rn h:11, lic:en gained on the use of 
Aust;n 1.lian ti.m be1:s for press:i']1g rorle1·s, and preliminary 
s:tudies of the k i:er boiiling· o,f /Jax yarns w·m·e concluded. 

(d) UtiUz:tition,-1'he foasi'bility of usi.ng flax fibre 
fm· bfou<ling with wO'ol luis heen dcmom:trwtcd, but 
fo1:ther wo1,·k 1.1¾ n.e.cess1ll'y t:e.fo1"e, the costs ean be 
,, a fo1itfa:ted .. 

4-. F ni.•o•A~rnNTAr, Frnru: r~v:issno..tTroNs .. 

(Pinnt :Fil!tre Section.), 

(a) 1111'.crobi'o,fog-,1; af R,!t/:i'n,q Bar;foria..-This. work 
is now being eonelndml. It: has rnadle poso;ihte a much 
rn,orr.1 intdliig;cnt underst,andnn!i a{ tlrn ouhjrct. 

( b) O'hem:iil'ry Q,f Celfofo.~i-c h'i.br1:.~ .. -T]1,e non
celTnfosic eonstitn(mts o.f flax fih1·e arc bciiu.g studied in 
fliefr rdlati.on to spinning riuality. 

( e), I'li11si,:;,i} P1·<"ipe:1-l'ics tfli( Pi}.1i.·es mid V a,rns.-A 
sb.1.clv has been mad~: of the el1n.ractm•i'stics of Anstralian 
s.nd "o\'crsens. produ.ds fo1· the uuu11.ufa<!t;ure of linen 
shor.. t.hread, It has been cmtclu<led that Ausfiralian 
fibre. is nf. Jen st eq11a 1 to that: used ow.rseas for the 
purpos<', 

5 • .Fonmm CoNSERVATl'ON, 

(Pinnt Fibre· R<'etion . .) 
'Eh.is: work is. reporte.d in Cba,ptm· UI., Section 24. 

XVIII. INDUS'.ILRIAL CilElUS'FRY. 
1. GENERAL. 

The Dh~isiou of T.rid1u;;tria:1' Cber.nistry r12;presents 
t11.e tll!l.jot· canee.11t1·atio11 off ehem.ica.l 1·esca.rch within. 
the . o ~•gani:mti:m1, aW1m1gh tllllld't chem ica] work is 
tmriertak.011 in otl1er Division~ arnrd' Sectfo.ns. 

T'IJis Divisfo,n was fonned: (a.) f,o pl'Omot:0 greater 
f;echnicar l\fficieney i'u estmbVished iJ1cfostrie.'>,; (b) to 
.~tim11lat:c the e.s.!Ji.hl:ishrnent. of new fod.us!:rie,s; ( c) 
to encc,11rage the use of rruw rnaf-.el"ia1s of Am,stralian 
origin; ( d) to seek su bsf,it.u tns fo1," imported ma tcrials; 
:-ind' ( e) fo fi.nd u£es fm:· hy-prod11et.,; m,ot; utilized. 

]n ndi1ition to its lni:sfo d.1ernicnl wm-k,, tJ'rn mnin 
i:esen.rcb. acti,rities wi1thfn the. Divi sion den.1 witri rnineral 
utifor,~ ti.on, cemcmt, ce1·1m1,iC".s u11d i•eft·acto,r:-ics.., organi.: 
<•.hemrnn121, w·oo.J., brown e.oa1, and w:1ter co1~"'e1·\'a tion. 

The Dt\,isi'on'a gtud,y of t.he em1.st.Lti.1.e1.11t.'> of wool wa,i: 
anif po,s.<iihfo· ways of 1d,iJi'zfog tl1em or thefr de1risa tives 
is doseribed ht Chapter XVL, S er.tir»u 4. The IDidsiou 
fa al.s.0 stml1yin1; tJ1e strnctu1•e; of 1woteins in relation 
to miol (sae Chap!'.er XVI,, Section 10), The P ivi
sfon '~ \vo1·k on. the, n:Wi znJ.i'.on of hr•o,w-11 ooir l i• de,mibed 
in C'haptei, XX~, S'cction 6. 
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The work of tbe Organization's Tracer Elements 
Investigations Unit in the procurement and distribu
tion of rad ioa.cti vc isotopes and the preparation of 
isotopically labelled components is described in Section 
9 of this chapter. 

Div·ision of lncluslrial Ohem•islry.-During the ten 
years since the conclu~ion of \Vorld Wnr U . 1r1any 
~1embcrs of the researd 1 st,aff of the J~ivision have been 
fortunate in being able t.o further -their scientific 
training by periods spent in nn i versity departments 
and other researcl1 institutions in England and the 
United States of America. In the past there has been 
little opportunity to repay in like manner the hospitality 
that our oflicers have received during these visits over
seas. It is thus a source of g ratification that recently 
some members of research inst.itutions in other countries 
lia, ·e eousidcred the Fishermen's Bend Laboratory a 
fo,·ora ble environment for development of their pnr· 
1.icnlar fields of re:earch and have sought to spend 
substantial periods at the Lauon1tory as gnest workers 
(see Chapter I., Section 14). 

The Division has, over a period of nearly ten years, 
collaborated with the D ivision of Plant lndustry, the 
Chemistry and Physiology Departments of the Univer
sities, and with State and Commonwealth Govemment 
Departments in undertaking a survey of the :ilkaloich 
present iu the JHttirc flora of Austrnlia and Ne,~ 
Guinea and in examining their pharmacological proper
t.ies. The collection of plant specimens required fo!· 
this survey, a task of considerable magnitude, has been 
performed on a ,pa rt-time basis mainly by officers of 
tJ1e !; ivision of Plant Inrlust ry and tl1e Qneenslanll 
Forestry Department. Becfrn~e of other responsi
bilities these officers h:n-e not alw11ys bec-n able to meet 
all the demands made for collcct:ions, and an appoint
ment is bei11g made to this Division for full-time work 
in this field. The officer appoin ted will continne to 
receive assistance from the Division of Plant Industry 
and his work will be under tllC immediate direction 
of a member of that Division with wide experience in 
plant collection. The comprehensive pharmacological 
testing of plant extracts produced in the suncy is a 
most important adjunct to its success. Later in this 
report reference is made to new arrangements whereby 
industrial pl1arrnaceutical :firms will collaborate in this 
section of the programme. 

The Chief of the Division spent six months during 
the year visiting research institutes overseas with the 
~pecinl object of investigating arrnngements between 
these instit.ntes and industry for collaborative research. 
This aspect of the Division's activities pi·omises to 
grow in importance. An investigation of methods for 
purification of sugar solutions hos been carried on in 
co-operation with the Colonial Sugar Refining Co. nnd 
substantial progress has been made with two other 
major ,projects undertaken ns sponsored investigations, 
one on behalf of Mount .M:ol'gau Ltd. and the Mount 
Lyell Mining and Railway Co. Ltd. jointly, and the 
other for the Australian Atomic Energy Commission. 
Experience bas shown that projects of this kind, wheu 
appropriate to the Division's general research pro
gramme, cnn be of great Yalue both to the sponsors 
and to the .CiYision. 

Officers of tlrn Division have. continued to engage 
actively in the work of international scientific organiza
tions. Dr. A. L. G. Hoes ha.s continued as a member 
of the Commission of Physieo-chemical Data and 
Standards of the International Union of Pure and 
Applied Chemistry; the Chemical Physics Section is 
contributing to the work of this ·Comi'uission throu<•h 
ihe study of the ioniw tion potentials of atoms a~d 
molecules. Dr. A. McL. :Mathieson and :Mr . . A. J . 
Gal"kin Attended tl1e Thi1·d Congress of the Internationnl 
U11ion of Orystallo_graphy in Paris in 1054 and the 
former acted as chairman at one of the sessions of the 
Congress. 

2. MINERALS UTILIZA'I'ION. 

(J1ivision of Industrial Chemistry.) 
l'roj ccts related to Yai' ious pl111.ses of extractive 

metallurgy continued to form an important ,part of 
the programme. In general the objective has been to 
cb·ise ucw or improved met,hods for the separation of 
one or more metals from the Yarious extraneous sub
~tanccs with which they are commonly associated in 
Australian ores. In some instances the emphas,is h.as 
been more on t,be isolation of some enriched or con
venient compound of the metal than on the iPreparation 
of the metal itself. l:>rojects in t,he above category 
inclu<le hydromctallurgical studies on copper, uranium, 
zirconium, hafnium, thorium, eertnin of the lnnthanons, 
and germanium. 

. .:\part from their metallic components some natural 
minerals and synthetic inorganic com.pounds have 
useful properties that devolve entirely on their physical 
characteristics. Investigations based on the study of 
mineral derivatives in this class constitute a secoud 
group of projects. This includes various lamellar 
compounds of graphite and analogoua substances, 
synthetic semi-conductors, <lry lubricants, phototropie 
compounds, and lanthanon derivatives. 

Investigations in X-ray crystallogrnphy, inorganic 
chemical analysis, pressure digestion reactions, fluorine 
prorluction, and valency characteristics have also been 
undertaken. 

(a) llydromclallm·gy of Oo7>per.-Work has been 
continued on methods of extracting copper from the 
calr•ines obtained by roasting of chalcopyrite eonceu
tmtes from Mount Lyell and Mount Morgan in a fluid 
l:crl. The effects of the mo~t irr1portant variab1es, viz., 
time, tem,perature, and acid strength on the amounts 
of iron and copper leached by agitation with sul phuric 
acid, have been assessed, and attempts made to correlate 
solubility with roasting conditions. The ki11etics and 
mccha11 ism of the oxidntio11 of ferrous iron by man
ganc~e diox,ide and by air have also been studied, since 
oxidntion followed by precipitation offers a promising 
method of removing iron, arsenic, antimony, and 
molybdenum-elements which reduce the efficiency of 
the electrolytic deposition of copper. The current 
efficiency of deposition has been shown to be closely 
de.pendent on the iron content of the electrolyte and 
on t.hose varial1les which iufluence diffusion. 

( b) Uranium Extraction.-The study of acid 
pressnre lea~hing has been continued with a number 
of different Australian uranium ores. A reactor for 
continuous, as opposed to batch, operation has been 
designed and employed to eva luate the po9sibilities of 
the ,process for full-scale use. Further work was under
taken on the settling and filtration problems associated 
with the processing of Rum Jungle ores. Alkaliue 
leaching procedures were investigat.ed as n menns of 
reducing the cost of processing such local uranium ores 
as contain large amounts of acid-consuming components. 
.A detailed study has been completed of the leachino
techniques required for treatment of ore from th: 
Mary. IC~ thleen lease in Queensland, and significant 
contnbutions made towards an underst~mding of the 
Yery m1usual mineralization occurring at this localitv. 
::\foch time was devoted to servi<:'e work for the Au;
tralian Atomic Energy Commission and 32 technical 
notes were issued as a result of these investigations. 
A.part from testing and analysis of urauium-bearin"' 
samples from ele,,en different localities, the Commii 
si?n has been advised regarding the amenability of 
d1ffere11t ores to the procednre at present in use at 
Rum Jnngle, Northern Terr,itory. 

( c) Zirco11i11111-II afnfom 8cpa ra t-ion.-Funda mental 
investig~ tion~ into new mctl:ods for removing hafnium 
from z1rronmm have contrnyed to yield interesting 
results, and a pound-scale pilot plant for separating 
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these two elements has beeu designed, assembled, and 
successfully put into operation. Other studies i11 t he 
field of zirconium chemistry lun-e includcd a detailed 
examination of some of the addition reactions of zir
conium iodide. The compounds fonned in this way 
J)Msess quite unusual properties a11d some of the 
i·eactions of these complexes may help to elucidate the 
covalent metatheses which are so characteristic of the 
ehemistry of zirconinm. Close liai.~011 with other 
resoarC'h centres interested in zireoninm has been main
tained and a ser ies of investigations in collaboration 
with the School of Metallurgy, :lvfolbourne University, 
arranged. The current joint programme of work con
cerns the electrol_ytic deposition of zirconium from 
fused salt solutions of its lowe1· valency halides. 

(d) 'I'hor-iwm and L anfhanon Chemislry.-Work on 
an alkaline pl'Ocess for the decomposition of monazite 
wns completed. L\lt,hough alkaline reagents are ex11e11-
sive in Australia compared with the sulphuric acid 
used in earlier work, the :ilknline process enables 
simplifications to be made iu tlie subsequent recovery 
steps. A r elatively simple procedure for recovery, in 
high yield, of all major components of the mineral hns 
been de,·ised. The thorium concen tra tc so produr.cd 
is amenable to purification b_y methods developed in 
the Division; lanthauon and uraHium collccntrates are 
trr•ated h_y estnblishccl methods. A method has alrn 
been devised for the recovery of a substantial portion 
of the uranium contained in the liquors which remain 
after the acid processing- of mouazite. Studios on the 
relative distribution of the v:nions lanthanons in n 
number of Australian minerals have been e.ontinucd. 
·western Austrnlinn fcrgusonite was found t,o be a 
relativel_y rid1 soul"(·e of ytterbium, thulium, erbium, 
nnd dysprosium. Thulium has been proposed ns a 
convenient portable souree of .X-i-ays, and preliminary 
separat ions by ion-exchange methods showed t.l1at 
extraction of this component from the above-mentioned 
source presents 110 peculiar clifficnltics. Western Aus
trnlinn gadolinite, and da\·idite from South Australia, 
were also inYestiiratcd as possible sources of thulium. 
In com1exio11 with the iodide 111etalh1r1,v of thorium a 
study of t,he ~y11t.hesis of thorium earbide was com
pleted, and iodination studies of this material were 
eommrnrcd. The ob_ieet of tl1is work is the eluc-ida
tion of the meehani1<m. of tl1e production of tl1oi-ium 
imd related metals by t.he method involving thermal 
decomposition of tho iodides. 

(e) Germ.ani·um, S11,rney.-Thc chemical examination 
of flue dmts from m ctallnrgical works and coal-hnming 
plants has been contimied wiLh tl1e object of as~essing 
Anstralinn sonrcr.s of {("f'nnn11ium an1l olitaining d»ta on 
its dist1·ih11t.ion in smc·lting a1HI c·oa l combu~tion opr.ra
tions. Particular nttrnt.ion lrns bec>n ginm to a deter
rnin11tion of tlie distribntion of the p:ermanium content 
of a coa 1 between the products of its carbonization. 
Examination of a wide range of products hns Rhown that 
small amounts of ~ernianinm are widely distributed 
through Australian fine dusts with the highest relatiYe 
concentrations occurring in flue dusts from prodncer
gas plant~. Other types of fine dusts have not y ielded 
enrichments of ~ermanium snfficient for extraction hv 
existinp: methods. A potcnt.ially greater quantity of 
/!"ermimium is available from these lntter sour ces; but 
the necesrnr.v treatment of the extremely low-.,.radc 
materials calls for entirely new tcclmiques for e;trae
tion, a phase of the problem which was commenced 
iu the latter part of the yenr. 

(f) Lnm.ella.r Gom7Jfnmrls.-St.udies on tl1e forma
tion of many new 1amellar componnds of graphite have 
brcn continued. It has been established tliat the inter
calation process is a ireneral Dhe11omeno11 and is not, 
as previously su1mosed, peculiar to graphite. It w119 

sho,vn t.liat. crystalline boron nitride and various other 
crystalline substances also possessing a layer lattice 

structure are capable of forming stable lamell~r co~
pounds by intercalation of foreign substances m. their 
iuterplanar spaces. Extension of the theory r elatmg to 
this work has indicated that the phenomenon need ~ot 
be confined to crystalline marerials with the layer lattice 
structure. Magnetic susceptibility measurements made 
on some of the new graphite compounds have yielded 
results of theoretical importance, the most significant 
of these being the observed paramagnetism of the tri
positive gold ion. .Attention has been directed towards 
developing useful applications for some of the graphite 
compounds. For example, the incorporation of graphite 
compounds in the carbon brushes of electric motors 
was examined to determine whether such additions 
would enhance the perfo1·mance of the brushes when 
these are subjected to extreme conditions. Some pro
gt·css was also made with an investigation concerned 
with the possibility of employing graphite compound 
formation as a means of reducil1g undesirable deposi
tion of carbon in internal combustion engines. 

(g) Photo/,ropic Compounds.-Previous work had 
shown that certain impurities, incorporated in the rutile 
modification of titanium dioxide by heati11g, cause light
seusitire colour changes. Chromium, iron, nickel, 
copper, and some of the rare earths are particularly 
nctivc in this respect. Of these impurities iron yield.q 
the strongest coloration on exposure to light, and 0.005 
per cent. is sufficient to cause noticeable darkening. 
Provided the impurities are present in small amounts 
t.he titnnium oxide l'emains white uutil irradiated. The 
darkening produced is completely r eversible in the dark 
but revers ion may take a period ranging from hours to 
several months in the cnse of chromium act ivation. 
The }Jresence of incorporated water has been shown to 
be essential for the effect to appear. In view of the 
practical irnplica tions of this phenomenon, where 
titanium oxide pigments and analogous materials are 
involved, work was continued on both the theoretical 
and applied aspects. From theory it was concluded 
that certain other oxides should act as "hosts" to im
pm·ities a nd iuhibit phototropism also. This was 
i:-onfirmcd for the white oxides of t·in, aluminium, 
columbium, and probably tantalum, which give rever• 
sible colour changes on inadiation when contaminated 
with one or other of the impurities listed above. 

(h) Transition Group S1Llphides.-Work on the syn
thesis, constitution, and ph,ysical characteristics of the 
sulphides of titanium, zircor1i111n, and hafnium has been 
continued. The hi~her sulphides of titanium and zir
conium have been tested as dry lubricants. In the 
tempt>rature range 20-350° C. their performance is 
comparable with th11t of molybrlr.nnm disulphide. The 
compnratiYe ease with whid1 they may be synthesized 
and thereafter ground to fine powder may remler them 
useful solid lubricants. The elect1·ical resistivities of a 
wide range of compositions in the systems Ti-S and 
Zr-S were determi11ed. A stud:v of the adsorption of 
oxygen on zirconium disulphide was completed and 
work on the synthesis of hafnium sulphide has indi
cated that hafnium probably forms only a mono
sulphicle. 

(i) Chemical Crystallogra.phy.-The examination of 
chemically imperfect oxide systems has been continued. 
Vanadium pentoxide, when crystallized in the prescnct1 
of small amounts of sodium, forms two crystalline com
pounds of "arying composition. One of these wa~ 
examined by X-ray crystallographic methods and 
nroved to be a molecular tunnel compound. Like the 
tung-sten bronzes, to which it is related, it is an elec
tronic conductor. The anomalous magnetic properties 
of com pounds containing trin1lent manc,anese were 
examined in a collaborath·e st,11dy with Pr;fessor R. s: 
Nyholm. This work necessitated a redetermination ot 
the crystal structure of manganite, Mn.0(011). 



8. Cm'IEEN'L' AND• C1muucs. 

(DivisLon of Indus-t6d Obem~st.ry.) 
Ou.rrent projoets, foll into t.wo main, grirnps, one nf 

whi.ch i:s COUCt'Jl',ll1ed with 01~ prod uct:ior! and prnrerties. 
on c®1rntmts mnd c.ol!e1:et:cs,, the. o.t:lrnr wrth ceramic and. 
refrac:tory materin.la. 

The cemeJJt, g.ro11p, ha,s, eontiimed to denl' wit.h a wide 
vo.r1.0t,y o,f prnje,c:ts, moi;t of wlLich! al'C- designml1 eitluw 
t.o imµnwe e,merete quio.lity 0r t0 pre,•e11t deter·io,1·rotiou. 
A key facftn' affet!!,i'ug both the initinl S'tre11,gtb nnd tl'te 
s,u o~•N1n.en,t. weu·tlH't"il!ll.~ TWQpr r:t.ies of c0JJ crctr,"M:1 i~ enwk 
d.c,1m:]0rment. . This, very COIIT1,]jll1ex m.1hiect. is Cllrl'lmdy 
11e.cenmlig most atteutiJo,n. .Arhi~ory worlc of' tlrn gNw,p 
has_ rrmge.d frorn t!]e invesf;11;ati.on o.f agg1·e.~atc.'! t'o,l· 
:mi1..1m· r-cmcrnte sfructin res, to the pi:e'IH:;ntion oif cowr.ol'fi'mt 
Qf fomtd:itio.ns1 amf the C'.foa1,a11ee of' \'egetabfe Jl:rowtl1 
from hiyrlro~eJ<!dric: s,u pp,]y ra'c"e.~.. 'I"he Cement !l:.nd 
Oo,1,11m'ero Assorfati:on, of A ustn.1:l'i.a1 h rus, contin.ued1 to 
pro,,ide va1u1'l!b1e imdus,t1i'ial c.olfa.bnrrutian nm] financial 
:lSS isf.8 H c:e. 

The cerrnmics 1p·o11p hm, heen eo:,nrc-rnrd mafoly witl1 
the rmiduc.tron alil'd ut;iifo:ation of refni<'torie~, Um 
0CC.11'}'.1','Il!e.e a.nid. prope,rtI(',£ or 1:lfl..,,s and 1·e1a.te<l t"fliW 
m.atc-161:JJ fsr an.tl wi,th ferl'f'!fo f trnda:.men t,11'. forn tm·es of 
&tii:ming tccln1.iq11es 1,1sod in the crrn mic. iiniTirn~try, 
Ref'ra.cfo1,.i'es nitc, rei:ei.r·i1ur i1nc-1·r.11s0;d a tteliitiio11 l'iec::n1se 
o,f the wiide ge1110ra] utmty cyf f.l.rel'le mate-11ials in a 
num,Toei- of vi't.,J -indnst,rics. nmJ n lso, !lrcanse tfo~ g11eot 
quanti't;y of' 1·efrnl\cto11_y 11riclb1 !lml sha:ues cnn!><11rm.Nl' 
t1nm1·aM,y drcm ands as 1,111.te:h 1n·m]m?!t,fon from A H!'>~.1·/\!l inn 
raw mrnfari.als. nB1 poss.ihh The eroup ha.~ continnNi to, 
p;ive as..s,is-taruce, in. (\O,l!ROXio,u wi:tli pv-olhrems e11hm vltnl! 
hy various, ccra1n ie man.11 fa.ct1,rnnrs' a n:fl' C\ I hP.r firm~ :me Yi. 
IUJ tlrnse usiing cl'ays for pnp,e:1' pro,clluctiou and on 
b]e;ruo]1,i:11g .. 

(a:) Content Hyclra:tfon.-bvesti!rntion of the pro
d\iets nf the acl'ion of wa t<'•r,. on -prhnmry r:eroent com
pn11ml~ i% nroeeedi11~ ~11 r.nrr1er to prO\tide hmsiie infcw
:m~ ti-on. fnr re!'.e~r('h 1rw1 the i'.onH·ovem.et1t, of !'Rlt.h1g and! 
m,in-<li••nimr rhar11r-l'r:rf~f'i0~. X-nuv (l1itff1rm~ti01~ an,I 
i~o,l:m1·i'C' ~l:'h1wf1,:;i_ tin1.11 mrt]1101~'~, frn\~!:' tlnmwn /'Omli' ]ighf rm 
tl1e l\,v-drnfion m1?d111ni'.!'!Nll r.f nm•p annfrtg't~es· nf' ffw C'nm• 
prmntls 1'.\ocCUrJ1ing- i:u d iu ker from eommer<'ial ]dfo~. 
Attr111r,1J9- 111·0 bf',int!!: m::rdir, tn synthesize largei'. quimt:i.ties 
of pn1e c·J.ink01· c0mpo1,mds. 

A rel'nt.Nt topic i:;; eonrrrn,ccf with J.1:vdrn ti n-n nmJ: ~\I 1-
p11,8!th1m o.f f.he !?fas.a; 1i.Im1sc of <'<'111C"Ht clh1ker. ']'l11, 
_gfoss r.~ros (lNn•,di to l!,n 1nnrr 1"<'.'!H"'f'iYe H111Tll tt,,c: crystrr~
Hnc camp.rmenits; itt hydrattils to ~.ve pr'ld\1ets s.imifor 
t.o tho!'ie of h-ir•aleinm ailumi.rnfl\fe, irnd. ls ea.paible a,£ 
S'll!hseqnr11 f.; 1rr;11 C'tiicm \-wiitb sullphates fa r.tmse dete-rifln~
tion. Tllds i1foding is ii]v contliet " ' ith the practice of 
1l'sintt low·]]eat ce:111e:ntf! in o.ttcmpt:s to form S'UlpJ.mfe:
resistant. co11r.1·etes1 s-inee, such cewen~s co11t.ail11 rea.c.tive 
a.lmiminM1S' ~lass. 

(l1) Oem:e.n,t-ag:,qre,qode B'mul.-LitUe is kruo,vn ahout
tlrn mcc11!rni~'t1~ of :adJ1l'Rto1\ of set cement p,asfo to 
ngg:rogatc. This snhiect i's a necessJr r,v eomplem1ent tn 
wm·T{ 0-11 s:nttiu ~. hn rde1n i'.n it, amll e1·add11 ~-o:f cn1111('i·etC'•8 .. 
P1,·e.lirni\ia11·y n1easm:ernents, are heim,r, · m::1.cl'e of the 
stren!!"t:11 oi the OOll!(r he-tweei~ set cement, and dw,m irm H;y
and 1,,}~yi.icrul1ly d!i/rfo1·en.t nggrc~n-t.e sm·foces:. It may be 
p,o,s:.<iihle to, :ll!lS"e.ss, from tF!e.c,e, data, the 1,eJative 
imrcro1!Io:nc.e of cl1,em foal rca etfou and physkn1 i\J3t1:1;• 

l1ocJdrn1,g as facJ,ors iin l(lroduc.in.p; 01e iJcyM<:f .. 
(c), era.cl: De11e.lr1pm('11f, (lrt!(t Br:lu1tltot1,r.-Al! iiweft

ti/!;ations on the strenp;th fl]]di d111:'1J:hi.1i:ty Qf eP111ent atwl: 
con.r.rcte al'e to, some extent co,111eerrred wi'f·l1 c1·iwb, 
r,ormno1:nliy of miernscopfo !ltze, sd. up In th~ bri.ttfa 
ma te1·ia,r o·y di1-11(~ns-i.o1~a] f••l:nrn1!!f'S dne fo !.l! J11,1Ill,bcr of 
iiudencndm~t r-~·nt~es. Ilc1m1duteihlie mod.c,s o.f cracking 
fi.ruvc lieeu csta,U.iUs!LCi] by 11Hians nt a1n,aral;m; 'fll'"1d.acnnig: 
c;oi~h--olted dcforrn11tion.. 'Elm raptd hrca,k-down of 
c:e111en.t: paste, in te»sion has, heen. cteady di.s-ti'nguishcdi, 

from O' s\1owe.11' type of progressive f'aifor.(ll characteristic 
of m.ort~I" mul conc1·cte. A new dtte;ef; 1~oted is the 
aetio1cr 0£ soh1ti.an~ of dil'mlent salts in. propagating 
eoci.s.tiing r.i·Rcb. 'rh is t,ype of erack expansion o.nd 
))1.'0)Jagat.fon 1~11n, be, p11e\1ented. b,y use: of c.ert.ain surfneo
aetive age.nits. 

(d) .A.ir Bntl't:Li11,tnent.-I.n a s.t11dy of air entrain• 
me.n t using" snrface-11eti ve age1~ts it. has been sho,1rn 
thot t,he, basic 1ne.cbim1J.ils1n, p1·e.vfo11sly deduced for 
cement, pa!'<tes, a,fso II pplites t,o mm·,tm1·s rund concretes. 
Ei11pl1asi's hms now' shifted f.0 the study of the effect.~ 
of certain age,iitB m1 workabi.lit.y 1mrli segregation. Dene
{·iiei111l feii ttwes m ny lie p1•od\1,eed, without cntra inment 
0£ ail', by these add it.i.ons dming the n1ixi11,]g of concretes. 

( e.) A ddi'l1:1,es for ffr;riu.d:ion of Permcability.-A 
number o,f su11fac0 ccl-!llti'ngs: may 1:6\re; uscfo l rcsnlts 
0,111 concref:es expoS€.d to agg.ressi\·e \\raters. nr·ids, 
s1.11lphat·e.,, o-r s01rr,>1"e we.atltoti.ng conditions. The limit
ll'l!g fa.e-l;o.rs for 1noM; coo.titig.s. are ladt of fl'cxibi lity and 
JJ0>01,• odhL~sio-n, so, tJ1af; mo,st a.t:t,ent.ion UJ\ the current 
work is beimg- d,eYQ(ed to the. newer plastics an,! 
sy1~tfa,060 n1hhera. Somo of t!icse i1n.ve been fonnd to 
u.d'IH'I'(] !:ltrn,n,ir1'1 to ren"evi,t;, nt the samr· time ha1·ing 
,'>11fficient, flexibiliity to foUow t.lrn <cvirn ensicmnl <'hanges 
of tl11~, lrnRe mrnteria,t A m:iefi1.f feaf.ure nf some 
11.dditi11c$ 'in thfo, ~rm1n is the case: with whirh tliey 
may be mvxrd inf.rg1'a,Hy with the r.oncre,te. J\tt<'mpts 
arc, aJlso heiJill~ made tJJ fc),rnd1,1re co,nrn,,te surfiire;i 
r~sistant to pln nt irvnw!h by irnteA1·n.~ adcHtion of toxic 
sUt}"-t1mrnl!. Field t611h lrn,•e hren se,f, u p tn 9<1sns11 
the ef1lfriencv of t]1ese: ~111rfnei,-.~ m1n!er iHl11:el'se ronrlitinns 
fo smpply r'aces af f)QW('r Rl'ations, ,vl1rl/(' moss /!l'OWth 
r~.o.ti:irts. wn,ter flow nrnd. en.uses se,,ore det.criorution of 
tY1:e ron,r•rcfe~ 

(f) Wmllwrin_q CJtcfos awl. (fonrrt'fe n~feriorntion. 
-Exposure. t.o tern,peratnre nnd humidity rydrs pro
d11C'I'~ ::r. numher nf stllP!=8 pn.t.tt't"ll ll: i11 r.ol'lrwrtr sne<'imens, 
ll'ndinrr to miC'rCTC'1·n0ki'mr rrnd pron:r0"'f<h·e (lisintf'!!'nt· 
tin1,1. · CrThck l'l'<'V('llfinn h:ir a.i1r · r.1~trnin.ment, i~ heing 
3!<Se~,!::P.d i,n 1·013f1rm to Hie effed,s o:{ snrfnre-nd,ive 
n1;ent..'>'. 1·efer1·ed to almt>('>, Cra.c~ 11,rofei,,fcinn mr tho<ls 
r.irr, inv11'1' ""TI1°hlr rafnn ,~. a 11~C'2ns of :Hnirli11a frpe;,:e
thn,\' hre·ak-fJ,o,wn, a s11l1fr0t of i'l/lrrra0cing importance 
in larg-e ::rr0:1'& rof thC' Smowy J.fo11rrf.ru1m; srheme. 

( q) T'rn'?r;ilr:rnm:.-A more r.0,m ni,l.ete pir.f'nre of loC'nl 
80111/C'PSt nf n:i.hiral' rf'11lilrnts· hn~ ~ie<'n nT,t;;iinrrl. Certa in 
rnC"k (vpes frnm Ifohn11l anrl 1101:thP.rn Th,Tew Gninea 
ha\''e er.onfl,mi,e pos!>iihi]ities, piirfri:e-1·11'nl"l,:v Lil vi<'w of the 
ii~, n:r·cwe,1 resii,,f::mre to ~l>VPre wra t-hc1·i'n~ that CR n 
fcrNnw t.l1C'ir· use, nnrl t.bdr nati.wat prie.e adrantage 
OW'.r imf)m·tc<I cernc11h. 

Mc•tlrnds for tlre 1H'th· :11tinn n( p(i-7,;ml1m:i.l'I 1111,C' hPen 
devised 1md pa t1:m1wt. TrC'futrneul: im·nh-es 11 ~mall 
focreaRe in coi:t, bnt rnn foad tn areat hTirrn1·rments 
111 setti.ug- l"lttes. Work on sJwinlbi:µ-,e rerlnrtinn hfls 
t·m1crlled! thnt: im. renu',nts: ir;e-11,E>rallv·, overa1l ~hrinkage 
is r-:rea ter TI.<li,m a euri'n.C!: pe11i,od pre.c.ed.esi e~posnre. 

(h,) Rdrnrtnril!.s for Ce.irvm,t R'i.lns.-Applira.tion of 
tT1e re.A,ulfa of ll st,rnfv of opc,J1/.l l1nrr stres~ei- in II cemrmt 
Idhi .1'11al'\ re~t1f.trd in io;rn:e1· l ife for the re.fr,~rtory lin ing 
ilesrnte au l'_llrrr.ased rnte of prndurtfo,n. Fmtl1rr rlAta 
liave he-en nhtainrrl hy mea1s1l!'ung strP.~s. ineq1111lit.ies in 
rm nne11a tina 1,•ota 1·v · ki'.l 11.. Stmdt."i" o.f tl11e phn~r-rqu i
li.hi"i.t1m 1,~,str.m re]C'\•an,f; tn rca,r.finns at. fhe bnt face 
of the ti:1~in~ hnfl !"-hown tlin.!, SllJt:1;;fac;:,to1'y rlinkrr roat
ing,s crrn m11'.y be lrnil't up b,y rniin,p: n s11ecifie heating 
schNfok. A min.i.atnrm riilar,v- kiln lrM hc•en mnde to 
enable close cont,rol to ho c.-~ei-cised. during experiments 
on liinfoA'. desip:n. 

Ul ,~Wfra. llcfroctorii•s.-Further imrcstigatinu bn':! 
eii.tahlishC'd the fad !.hat siHra rrfri1r.torics are 
emlniUled hv fire action of rei•f'ai.ia J?;a•e~ at high tem· 
11era tme.'l,., ~hi.~. a,vpcmrs to he a.n in herei1 t property 
of tl1e material, but; no edcforncc, lrns bc-.0n found that 
would sugg,est a mech,aiuism for the clumg,e. 
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Improveme11ts in the method of fabricating bricks 
from Australian "silcrete" lrnve been made, and u 
trial panel of these refractories has been set up in an 
industrial steel furnace. 

Preliminary experiments ha,·e beeu made to find 
out the effects of brown coal ash on silica bricks and 
other types of refractol'y bricks at high temperatures. 

(j) :3pecial Ceramics and Cen nels.-Atteution has 
been focused mainly on the fabrication of supcrrefrac
tory articles from magnesia, the prepa1 ation of 
alumina-chromium cermets, and hot-pressing as a 
forming technique for production of hard a1~d refr_uc
tory materials. A.11 improved method of sli p-castrn~ 
oxide shapes has been developed, using special addi
tives to provide green strength and permit successful 
mould release. 

(le) Olay .Mineralogy.-Studies of clays reeeil·ed 
from Western Australia and (~uceusland aro now com
plete, aud the results are being prepared for pnblica
tion. An examination of an attnpulgite frorn Queens
land showed that it did not match iUtportetl u1awrial 
in blenehin« and gelling qualities. The evidence 
suggests th:'t this is connected with the relntivcly 
large particle size and l1igh crystal perfection of the 
local mineral. 

Further fundamental work on the bonding of water 
molecules by Yenniculite has pl'Ovided a clearer pictul'C 
of the complex detail involred. In co-operation with 
the Dirision of lfoild ing Research, a chapter on the 
differential thermal analysis of ,·ermiculite has been 
prepared for a monogmvh to be published by the 
Min era logical Society of Londou. 

(l) Wliileware and Related Jnvesl-igations.-Furtlier 
studies ha,·e been made of the developmeut of oricmta
tion effects in clays during proccssiug in tbc ceramic 
industr3•. Quantitatirn a~st!ssments of orieutatiou were 
derelopcd from measurements on small 1·utile prisms 
present in certaill clays. Attempts have been made 
to find what method of measuring drying and firing 
shrinkage best rcpl'esents the sub$equent industrial 
behaviour of clays and bodies. Studies on r ecovery 
of clays from deformation have shown the importance 
of "trigger" stresses devdoped during drying, a 
feature which can cause production losses throughou t 
industry. Preliminary work on the study of the 
deformation of plastic clay by a penetrometer method 
has followed the development of a suitable instrument. 

A co-operative project with a research group in the 
Department of Colloid Science nt Cambridge U ni1·er
sity has resulted in basic ad vanees correlating the 
"tu be-rolling" phenomenon shown by plastic clay 
with a general theory which explains the behaviour 
of all ,·isco-elastie materials under shearing stresses. 
New obserrntions ha\'e shown the importance of stick
slip effects as a basic cause of dilataucy in solid-liquid 
mixtures. A novel design of the 'IV cisscnberg rheogonio
mcter has been p roduced, in which the range of the 
apparatus has been extcudcd from liquids to plastic 
solids by the use of flexible boundary surfaces. It is 
hoped tbat consistent basic explanations of tho 
beha1·iour of plastic ceramic bodies may be derived 
from this funda111011tal approach. 

(11i) Adelaide Ceram-ics Labora/.ory.-Advisory irnd 
de\'elopmeutal work for local industries eoncernerl with 
the manufacture of pottery, buildi ng materials, aud 
1·efractories, hns continued with the support of tl1e 
School of Mines and Industries and the Dcpa1·tment 
of .Mines. Deposits of raw mater ials have been 
examined, the properties of the resulting samples 
determined, and the best methods of fahri,iation 
demonstrnted. Particular attention is being devoted 
to the use of extrusion processes in heavy-clay 
ind us tries. 

4. FOUNDRY SANDS. 

(Division of Industrial Chemistry.) 

The laboratory, situated iu the Metallurgy Depart
ment of the .Melbourne T echnical College, is equipped 
fo1· specialized testing of moulding sands; examina
tion of sand samples submitted by iHdustrial firms, 
and advisory work on sand conditioning and control 
procedures constitute major acti\'ities. A catalog11e 
is maintained of moulding sand deposits situated near 
the principal industrial centres of Australia; much 
additional information has been obtained from tests 
on samples collected during the year. 

The Section provides au advisory service for the 
foundry industry. Advice has been given in response 
to many inquiries on gene~al meta1lurgical problems. 
This se1·viee has involved uumerous minor laboratory 
im·estigations. 

Australian bcntonitic clays have been examined in 
relation to their application as substitutes for imported 
bentonite in the preparation of synthetic moulding 
sands. 

5. PHYSICAL Cm,MISTRY. 

(Division of Industrial Chemistry.) 

The eonsernttion a11J use of water, and the proper
tfos of surfaces anrl of fluids are the subjects with which 
the resea rch programme is principally concerued. 
Fundamental studies includes investigations of carbon 
and charcoals, ehemical J"eactions proceeding at high 
prnssures, the thermodynamic properties important in 
distillation, and the action of enzymes which use gases, 
like nitrogen, directly. Applied uivestigations include 
the selcctfre flotation of a tin mineral, the control of 
evaporation of water uuder natural conJitions, the 
use of filters i!1 rubber, and the engineering develop
ment of ion-exchange processes. 

(a) Properties of Liq1t'ids.-The investigation of 
thermodynamic properties of liquids and solutions, 
important in the design of industrial distillation equip
ment, has been continued. Particular attention has 
been paid to solutions containing a lcohols and polar 
liquids. 

The compositions of the vapours in equilibrium 
with mixtures containiug nitl'Ornethane, benzene, and 
carbon tetrachloride haYe been measure.cf. Heats 0f 
mixing at temperatures up to 45° C. hare been mea
sured for the systems uenzene-cal'hon tetrachloride, 
benzene-ethylene dicbloride, acetone-chloroform, 
ethanol - carbon tetrachloride, ethanol - iso - octnne, 
ethanol-benzene, ethanol-toluene, ethanol-methyl cyclo
he:xane, and acetonitrile-curbon tetrachloride. Experi
mental and theoretical methods have been combined in 
an attempt to determine the intermolecular forces 
,vhieh govern the properties of mixtures such as these. 

The compressibility of some organic liquids antl 
their mixtures with water haYe been measured at 
pressures as high as 2,000 atmosphe1·es. It was found, 
paradoxically, that the addition of a small amount 
of a highly compressible liquid ( e.g., an alcohol) 
decreases tl1e ah-eady low compressibility of water. 

(b) The Chemical Ej}'ect of High Pres.qure.
Although high pressures nre being used industrially 
for tho production of a few chemicals, the lack of 
knowladge of tl1e c-ffect of pressure, particularly for 
reactions in the liquid state, has proved to be a deter
nmt to t!te use of pressure as an important weapon 
for prodLlction of chemicals. The pressure range in 
the laboratory hiis been extended over the past twelve 
mouths from 15,000 to 30,000 atmospheres. A 200-ton 
hyd1·a1tlie press has been installed which will pem1it 
extension of the pressure ra11ge to 50,000 at.mospbe1•e-,. 
]t will also be of va1ue in experimenting at lower 
pressures with larger quantities of liquids than could 
hitherto be used. 
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'flw <Jtudy of simple organic reactions at the higher 
pressures has confii med the theory th nt reactions 
which produce ions from neutral molecules arc assisted 
by pressure. Similariy, pressure markedly affects the 
equilibrium between simple and complex ions. 

(c) Jllass Transfer.-The industrial process of sol
vent extraction requires transfer of a wanted subst,ance 
from a liquid or solid to the extracting liquid. The 
r.ffect of speed of flow of liquid lias been shown to 
conform to a theoretieal picture based on a descrip
tion of the flow of liquid around a sphere at Reynolds' 
numbers betwem1 500 and 6,000. 

(d) 1"lotalion of Tin Ores.-As a r esult of con
tinued work on the ore from l\1aranboy, Northern 
Territory, a flotation process has been developed whicli, 
for batch tests in the laboratory, gives promise of 
recoveries of tin substantially greater than are po.,
sible by conventi01ial grnvit,y 1nethods. The rougher 
flotation stage is based on earlier work of the gronp 
using the J'eagent sodium hexadecyl sulphate as co1-
lector, but this work has been extended to study in 
detail the role of both ferric and ferrous iron in the 
solution, and to de;-ise means for t heir control. In 
tl1is way the consumption of both collector and sul
phuric acid has been reduced. Sodium silicofluoride, 
has been shown to be an efieetive depressant for gangnc 
minerals. 

The r011gher concentrates h nYe been cleaned by 
applying an obsenation that the eassiterite in sncccs
~iYe concentrates, obtained as more collector is adrbd, 
heeomes progressively coarser, and in each separ/lte 
concentrate the tin is coarser than the gangue miner als. 
By sizing, salable grade concentrates ha\'e been 
obtained in good yield. 

( e) B ubber B einforcement.-The investigntion of 
the function of fillers in rubber bas continued. The 
production of reinforcing fillers from Australian raw 
materi1;ls could foll ow from a basic undcrsLanding of 
thei1· function. The undcsira ble scorching properties 
of certain carhon blacks has been traced to their 
quinouoi<l strnctme nnd rapid copol,ymerization with the 
rubber mntl'ix. The channel blacks, which are of the 
hyclroquinone type, are probably slowly transformed 
to the qninonoicl forn.1 dming processing. 

'\:V ork is pow concen tra te<l on the role of rarbou 
black in imparting abrasion resistance to rubber. 

(f) Engineering of Adsorpl'ion Processes. - Con
siderable progress h us been made in the development 
of a continuous process for extracting uranium direc,t.ly 
from an ore pulp. Pulps containing as much as 3;i per 
cent. solids haYe been successfully passed through a 
bed of ion-exchange resin by jigging. Jigged Lecls 
of ion-exchange r esi11s behave like a fluid in non
turbnlcnt flow. This feature results in high extraction 
efficiencies and permits the resin particles: which have 
fully extracted the uranium and ham therefore become 
hca vier, to sink to the bottom of the bed where they 
ran be continuously r emoved. A feature of the tech
nique is that it may be used continuously or in batch 
operations. 

A pilot plant for grinding, leaching, and extracting 
tlie uranium by a continuous ion-exchange process is 
under eonstructiou; furnncial assistance for the project 
bns been given by the Australian Atomic Energy Com
mission. The South Australian Department of :Mines 
has provided an officer to supervise the leaching 
operations. 

(g) Gonser1Jai.ion and Use of Wate1·.-A h invest.io·a
tion into the use of cetyl alcohol to rctnrd el'aporation 
of water from opeu storages has continued. Small
s7alc test~, out _o~ ~]oors, have continued with co-opera
t10n of tll_e D1vlSlon of _Meteor?logical Physics, a11cl 
haYe provided data lenclmg to m1provcme11t in both 
the efficiency nnd f•fTective life of thl• t rrar111e11t. J'l: r• 
i•psults of these small-scale test~ and of lnhoratory work 

were used to predict the conditions likely to yield satis
facto ry resu!ts on a large scale. During the summer 
of 1()54-55, tests were perforn:1c<l on stretches of water 
rnryi.ng between 1 and 320 acres in extent. Extremely 
hea vy falls of r ain cornriug a wide area spoiled most 
of t.hesc tests. The large-scale tests will be repeated 
cl uring 1955-56. 

A. m ethod fol' producing a potable water for stock 
from saline "·atcr is heing sought. Processes under
going dcvelopn1c1.1t overseas for this purpose have 
serious limi tatious. A new e.lcctrochemical approach to 
the prol;lem has been made but labora tory experimentR 
so far have foiled to produce useful results. 

(h) Chemical Nal11.1·e of C'hars.-The aim of this 
pro,ic<·t is to dC'vclop improved carbon adsorbent 
nrnterials of imlust1·inl impor ta nce for such p r ocesses as 
pmifi('ation of pharmar•r-> utir,al products. ,vork so far 
l1as been eollfined to a stu<ly of 1.be chemistry of chars in 
order t o obtain better understanding of adsorption pro
cesses in them systcllls. 

Stuclic•s, commenced carlie1· and concluded this year, 
han <::'StaLlished the presc1H·e of q uinone and hydro
q11ino11c ~trnctures in tl1e siu::plest t_ypes of chars 
prepared from ash-free carbohydrates. The bydro
quinone character of a char prepared at 400° C. is 
responsible for its ability to adsorb alkali, its r e<lueing 
n1·opcr ties, aud it$ abilit.y to fog a photographic plate. 
The qninouoid sinret u:-r of a char prepared at 800° C. 
Hcrou nts for the formation of 1ieroxygen complexes, its 
:1bilily to catalyse the ionization of oxygen, its oxid izing 
pro,pcrties, and its rcacti,•ity with rubber. Chars 
prepared at intermediate temperatures acquire un inter
rne<liatc or semiquinonc clrnracteristic. These findings 
seem to account for the major features of activated 
ca rbou and carbon black and may also be applied to 
c:oals a11d eokes. Thus it, seems probnble that a low
r ank coal is analogous to a hydroquinonc type char 
whereas a high-rank coal h essentially quinonoid. 

( i) P-olycleclrolyles.-There is a group of compounds 
,vlwse molecules arc large and which, because they can 
gi,·e a large number of charges (ionize), are soluble jn 
water. These polyelectrolytes ha'l'e attracted attention 
beeause of their a bility to alter the strurture of soil 
and so impart desirable qualities. 

To p1·oyide basic infoi·mn tion on tl1e action between 
polyeleetroly tes and the water in which they are dis
soh-cd, the 11ctivity of tlie water in polyeleetrolyte 
solutions is Lcing- measured. It is intended also to 
at'tempt to use si1Hilar materinls ns waterproofing agents 
f:o r soil, s·ince "·ork on control of evaporation lias dis
t:lo.•ed that the most serious loss of stored water in the 
lfnllce area is by secpngc. 

(j) Nifrogen Fi:mtion.-The mechanism of the 
reactiom by which nitrogen of the a tmosphere is con
\'ertcd to 11mmonin by eertain bacteria and algae is being 
stucliell. 'Ihis woi-k is complementary to that being 
carried out at: tlie Di,·ision of Pla11t Industry on the 
relationsl1ip between l,acteTium an<l host plnnt in root 
nodules 1Yhich fix ni trogen. 

Ernplrnsis lias been placed on the purification of ·the 
cuz,vnw hydrngrna~e, and the stndy of its pro.perties 
in eompnrison with those of cel'tain simple systems 
whirh nl 0 o l'eact "·ith hyd rogen gas. H ,ydl'Ogenase plays 
a part, in nitrogrn fixn tion, and is expected to ha,1e a 
s t.nwture rclatrd to that of the enzyme nitrogenase 
whiC'h combines witli molecular nitrogen. The ult.imate 
ol1jecLi\'C' is to determine the structure of the ,prosthetic 
~roups of these two enzymes, and the mechanism in 
rktnil by wh,ich t.hcy bring about the synthesis of 
u1nrnouia. 

A nurn bcr of bacteria have been tested ns suitable 
so111·ces f?r hydr(lgeunse and_ method~ of assay investi
gated. Ihe usual methorl ll,nng the dye methvlene blue 
was ~how11 t,o be invalid aud a new technique using 
rrd1wed methyl ,·inJogeu proYed successful 
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· (k) 1liiscellwneo1is.-A mathematical investigation of 
some pro.blerns of bulk and surface diffusion, which were 
also of mtercst to the Division of 'l'ribophysics, has 
been completed. 

6. -CHEMICAL PHYSICS. 

(Division of Industrial Chemistry.) 

Work has continued on four main themes, namely 
(a) protein stmcture investigations, ( b) the structure, 
energetics, and reactio11s of molecules, (c) the chemical 
physics of the solid state, and (d) the development of 
scientific instruments and techniques. Considerable 
collaborative and service work, centred around the 
specialized facilities of the Division, has been under
taken for ind us try , uni vcrsity depar tments, and other 
parts of this Organization. A nnmber of guest workers, 
some undergoing training in spec~alized. fields, have 
been accommodated in the laboratones durmg the year. 

Professor N. S. nayliss's co-operation and assist_a:1ce 
in providing accommodation _for and . snpervism~ 
vacuum ultraviolet spectroscopic work is gratefully 
ncknowledged. Professor Bayliss has also u!1dertaken 
to direct research on certain aspects of atomic absorp-
tion spectrosco.py. . . . 

Particular attention has been pald to the stimulation 
of the manufacture of specialized scientific instn:m~nts 
in Australia. Several instruments, of novel prmciple 
and design, developed in . the Division coulcl be the 
basis of the initial ,production. A.t present two patents 
have been licensed to overseas rnstnunent manufac
turers ; to date royalties amounting to 35,535. dollars 
have been paid for the use of one of these 111 com
mercial infra-red spet:trometers. 

,((i ) Prolein Strnc/:1we.-The object of th~s work i~ to 
obtain information on the st.ructure of proterns, particu
larly the fibrous proteins, such as wool,_ ha ir, ai~d 
muscle and so lead to a clearer understandmg of theu· 
mode ~f formation and function. This work, which 
includes the study of amino aci\ls by .X-ray n~etho~s, 
and the synthesis of polypeptides, is descnbed m 
Chapter XVI., Section 10. 

(b) Chemical Physics of {lie Solid Statc.-The study 
of the nature and properties of defects i~ solids and the 
way in which these .defect~ in~luence 11hysical p_henomenn 
and chemical react1011s of solids ha-s been contmuccl. 

In further studies of the o,ptical properties of ionic 
solids, the experiment.a,\ pro_cedure has b~en 1·~fined and 
measurements of zinc sulphide have provided important 
information on the energy diagram of this solid. 
Theoretical calculations of the electronic energy states 
have also been undertaken and the implications of 
these in tbe inter,pretation of electronic phenomena in 
zinc sulphide. examined. ~hotoc.ondu~tion . studies, 
which were bemg conducted m conJunet10n with these 
investigations, have assumed major importance because 
of possibh, far-reaching commercial applications. 

The development of special-pmpose electronic circuits 
has been a necessary step in the study of electronic pro
cesses in luminescent solids. 

The study of solid-state reactions li-as proceeded. 
Oxidation processes on liquid metals have received 
particular attention experimentally. On the theoretical 
side the problem of aggregation of defects in a crystal
line solid has heen cousidered; tliis aggregation proce~s 
is a crucial step in any solid-state reaction. 

X-ray structural studies on dual-valency co-ordination 
compounds have been made and electron interference 
phenomena in lamellar crystals have been studied in 
relation to the structure of the crystals. 

(c) Jlifolewlar Structure Sl11.dies.-Kuowledge of the 
structure, energy states, and reactions of molecules and 
atoms is basic to much of chemistry and chemical 
industry. Their determination and study constitutes 
a major part of the effort of ·the 0bcminal Physics 
Section. 

( i) IS' trnctitre 11 nalysis by X ./fay Diffractio1, 
Jil etl, ods.-'Tbc cktermina tion of thr. molecular struc
tures of moderately complex organic compounds (e.g., 
important natural .products) has beeu critically 
reviewed. 

The analysis of aspartic acid hydrochloride, in the 
{'OUrse of the programme on protein structure, ha.:; 
clemonstrated significant errors in the tabulated scat
tering factors for tlie chlorine atom. Subsequent wave
mecl.ta11ic:1l calculations including exchange have con
firmed the empirical results. The importance of a 
detailed study of the atom tem,perature factors for high 
accuracy has been stressed by this analysis. 

The st.rnctmes of even long-chain acids and alcohol.:; 
have been correlatecl with the unusual int.ensity varia
tions in tl1eir di-Jiraction patterns. 

The determina tion of the structure of partially 
dehydrated magnesium vermiculite has been completed. 

(ii) Slrucl1ire Analysis by Electron Dib:ract,ion 
Melhorls.-T he strncture of one of the phases formed 
when gas atoms are adsorbed on gold foil heated in air 
has been refined, and the probable strnctures and inter
relation of several of the phases so formed liaYe been 
established. 

A com,plete analysis has been made of the strncture 
of white lead, 2PbC03 .Pb ( O H ) 2• This is a disordered 
layer-lattice structure and its elucidation involved a 
further <levelopmen t of the technique of determi,ning, 
and correcting the intensities for, the imperfect order
ing. New techniques clevelope<l in the course of this 
structure analysis included the use of a modified 
I'attcrson function, and the use of patterns from tilted 
crystals to give "sterco.scopie" three-dimensional 
pictures of tl1e structure. The analysis also led to 
irn,portant conclusions on the i11flue11ce of the phase 
shifts oc:.:nrring in electron scattering on eleetron 
diifraction intensities rind th1~ir use for structure 
analysis. 

Tl1e ;,tructure of the intercalation compounds formed 
by forric chloride and graphite has been studied. 

A _the'.lr etical study has ?ee11 made of the heating 
of thrn films and small particles by the electron beams 
use<l in electron difl'raction and electron microscopy. 
Tho con<litio11s untlor which the use of pulsed beams 
is effective in reducing the rise in temperature without 
decreasing the visibility of the image on the fluorescent 
screen .have been examined. 

.\ 110w .phenomenon in the iun1gi11g of objects with 
pcrioclio structure was predicted theoretically and con
firmed experimentally using an optical analogue. 

(iii) 8 peclrosco1Jic Stud,ies.-The manner in which 
environment, such as that of solvent molecules 
influences the energy states of a dissolved molecul~ 
has been studied in the simplest systems, the halogen 
taolecules. The interpretation of the spectra of iodine 
and the colllputation of the potential energy diagram 
ha\'C been extended. The higher energy states of iodine 
and bromine arc being studied by vacuum ultraviolet 
spectroscopy by an of:ficer lo~ated in the Chemistry 
J \ 1p1ntme11 t, D ni vcrsity of ·western Australia. Raman 
studies of haloge11 .0 olutions ham been initiated. 

The infra~red study of }{-substituted sulpl1ono.mides 
has Leen completed. Characteristic frequencies have 
been assig1~cd for the sulphonamide groups. 

(iv) Jllolecnla1• Ionization Potentials and Bond 
Bncrgies.-Electron-impact spectroscopy has been 
developed fort.her for tho measurement of the ener(l'y 
8tat<'s of n1olecular nnd free-rad ical positive ions a~d 
for the estimation of bond dissociation ener"'ics quanti-
, · f · 1 'I 1 - · l · 0 

' .;c,; o consH cra.o e re evance m c 1euustry. 

On tlic _experimental ~ide, ine_reased sensitivity has 
made po?s1blc the resolut10n of vibrational structure in 
clect1·oit-1mpaC't sµcctra of some molecular ions. .A.n 
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1on sourci, of special design and new methods of ion
cunent amplification buve been de_vised as J?Urt of an 
attempt to achieve greater resolution by usmg mono• 
energetic electrons for bombardment. 

The theoretical interpretation of electron-impact 
s,pectra h~s been exten<le<l. ~'ro~les of peaks from 
fragment ions may be used to md1cate whether or not 
kinetic energy is liberated during the ionization
dissociation process. Some progress has been made 
towards establishing collision mechanisms for tLe 
different processes of ionization. 

( v) Jli eclwnism of 11 ornogeneous Gas Reactions.
The study of the mechanism of homogeneous gas reac
tions is of basic importance to many branches of 
chemistry. The mcasurnmeut of free-radical coucen
trations in the reacting system is fundamental to ouy 
attempt to elucidate the mechanism of these reactions 
and this is being attempted for certain photolytic 
reactions. .A new ion chamber, designed specifically for 
this work, has been fitted f.o the special-purpose mas~ 
spectrometer constructed in the Division. Prelimi
nary experiments are in progress. 

( vi) Theoretical Sh,dies. - The conditions for 
validity of the electrostatic method of calculating 
molecular energies have been examined anJ the range 
of applicability of the general method extended. 

( d) De-veloprnent of Chernico-physical 'l'eclmi<Ju.es. 
-The success of much of the research in chemical 
physics tlepends on the development of new apparatus 
nnd new experimental techniques. For this reason, 
and to encouruge prndnction of specialized scientific 
instruments in Australia, considcra ble effort has been 
expended on this aspect of the Division's work. 

( i) Eleclron 111 ic1·oscopy.-Several modifications 
have been ma<le to the electron microscope; cl.iromatic 
difference of magnification and rotation has been elimi
nated over a conside1·able part of the magnification 
range; the magnification range has also been extended. 
A new principle has been int1·oduced into tl.ie design 
of ultramicrotomes and an instrument incorporating 
this is under construction. 

(ii) X-ray D·ifl'raction.-The design of an automatic 
Geiger counter goniometer ltas been completed and 
construction initiated. :Fmthcr impro1·cments hani 
been made to the high-temperature adaptor for powdc1· 
diffraction. 

(iii) Electron Difi'raction. - Some improvements 
have, been made to the new microdiffraction camera 
following exhaustive tests of its operational charac
teristics. Various schemes for the measurement of 
the intensities of weak diffracted beams have been 
invest.igatcd, as future progress in the application of 
electron diffraction to strncture analysis <lcpends ou 
this. .A new, highly sensitive, gold-leaf electroscope 
has been designed and tested. 

(iv) Compnters.-A major programme is centred 
a round the development of computing maehines for 
various parts of the enormously time-consuming com
putations involved in st.rnoture aualysis 'by X-ray aud 
electron diffraction methods. Of the computers already 
designed, the construction of the image-seeking com
puter is well advanced. 

(v) Spectroscopy.-The technique of spectrochemi~ 
cal analysis by atomio u bsorption spectra has been 
refined and extended. An English manufacturer of 
spectroscopic apparatus will manufacture under 
licence equipmeut similar to that developed in the 
Division. The prototype is now under construction. 

The <lou blc-poss principle lias been used to comrert 
n Littrow spectrograph into a high-resolution recording 
monochromator. Raman equipment will also be con
verted to double-pass operation. 

(vi) lvlass S7>ectroscopy.-Factors governing senst
tivity and efficiency in the performance of ion sources 
have been examined in detail and new sources have 
been constructed for several speci fic purposes. 

Modifications have been made to t he large mass 
spcctrometc1· to . permit operation as a differential 
instrument, and a 11ew gas-in trod uctiou system and 
improved clcctrometer amplifiers installed; these 
improvemen ts will permit the precise measurements 
of 010/018 isotope ratios for palen-temperature 
measurement. 

(vii ) Electronic Instruments. - Several electronic 
instruments having commercial possibilities have been 
developed in the course of the. above research pro
grammes. One is at present in commez·cia l production. 

( e) Colla.borati·ve and Service Work.-Tbe special
ized facilities of the Division have been made available 
through collabonttion with and service to industry, 
uni,·crsities, medical institutes, and other parts of 
this Organization. The scope and extent of this activity 
is illustrated b.v the following selection of the more 
important problems undertaken:-

( i) Eleclron .Microscopy.-Extcnsive study of the 
struetme and development of chloroplasts, the 
organelles of plants in which photosynthetic activity 
is centred; examination of Rhizob•i1tm trifolii, the 
microorganisms responsible for nitrogen fixation by 
leguminous plants; characterization of several clay 
minerals; examination of bacterial endospores of 
impor tance in prnblems of food preservation. 

(ii) Elecfron Diff'raction.-Structure of oxide layer 
on steel file blanks; strueture analysis of graphite 
interlamellar compounds. 

(iii) X-ray D-ijfraction.-Identification of hydro
carbons from K.opsia Long·iflora; loug-spacing determi
nation of long-diain :ilcoliols and acic!s from wool wax 
nnd carna11ba wnx; examina t,ion of long-cha in diols 
from. carnauba wax; identification of inorganic com
ponents of brown coal ash; assessment of strnctural 
complexity of ICOoF3 ; analysis of titnnum dioxide 
samples; structme a1rnlysis of partially dehydrated 
magnesium vermiculite. 

(iv) Spectroscopy.-Infra-red study of the structure 
of organic natural products, in pa1·ticular, reserpine 
and alkaloids of the J acobaea family; spectral trans
missions of various filters and plastics; miscellaneous 
spectroehcmical analyses; measmement of spectral 
output in P.P.I. tubes ; infra-red spectroscopic measure
ments on numerous organic com pounds, including 
isophthalic acid derivatives, certa i11 iodo compound~, 
C'is-lrans isomers, anilides, and steroi<ls ; response tests 
on vacuum thermocouple detectors. 

(v) Mass Speclroscopy.-Analysis of tl1e gas filling 
in Geiger counter tubes to di~covei· the cause o{ 
prematme failure; detection and identification of 
volatile imJJnrities in a number of samples; measure
ment of deuterium content of clerderonaphthalene 
samples; identification of products in organic reactions; 
tracer studies of the 111echn.nism of cyanoethylation. 

(f) Instrument Laboratory.-Ma,ior items completP.d 
during the period under review include-mass speetro
meter ion chambers; gas-handling systems; vacuum 
pumps and vacuum systems of various kinds; develop
ment of com pnct hollow-cathode resonance sources; 
yarious specialized power supplies and amplifiers; a 
versatile frequency meter; development of technique 
for makinp; helical glass vacuum gauges and helical 
quartz microbalauces; electromagnetic lens for an 
electron microscope. Tho construction of the image
seeking computer and the development nnd construc
tion of equipment for tho prodnction of diffraction 
gratings by the :Merton metho<l are well advanced. 
In the course of the hitter project a nrw method for 
the production of hn11s of uniform diameter to high 
precision was developed. 
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7. OnoANIO CHEMISTRY. 

(Division of Industrial Chemistry.) 
. The _resenrch programme is divided into the follow
mg mam projects :-The investigation of the chemistry 
and possible utilization of wool wax and sugar-cane 
wax; the search for alkaloids of possible pharma
ceutical value in the Australian flora and the examina
tion of plants toxic to live-stock; the investigation of 
oils and fats, including the chemistry of long-chain. 
compounds in general; and research on synthetic resin.ii 
and plastics. 

(a) Oonstitttents of the Wool Fleece.-W ork has 
been continued on the identification and estimation 
of the chemical constituents of wool wax and their 
conversion to commercially useful products. Similar 
work has been commenced on the organic constituents 
of suint, the mixture of water-soluble substances 
present in the fleece. This work is reported in Chapter 
XVI., Section 4. 

(b) Sugar-cane Wa.,;.- Crude sugar-cane wax can 
be resolved by treatment with a solvent into so-called 
resinous, hard, aud soft wax fractions. The propor
tions nnd the properties of these fractions vary with 
the solvent nnd conditions used. The hard wax is t he 
useful fraction. A variety of solvents have been 
examined for their performance in this resolution, 
and as a result two have been selected for mor<> detailecl 
study. Work in progress is aimed at developing a 
simple process by which to bleach the hard wax pt·o
duced with eithe1· of these solvents. 

One sngar-mill suppliecl regular samples of t]rnir 
fresh filter mud during the 1954 crushing season. The 
yield and properties of the crude wax in these samples 
were determined. 

Further studies have been made of the effects of 
chemical modification on the properties of bleached 
sugar-cane wax. .An attempt is being made to account 
for the differences in properties bet.ween the bleached 
wax and I.G. "Vil ax S ". One important point seems 
to be the presence in the latter of high molecular 
weight dibasic acids, which are not found in the 
sugar-cane wax. 

(c) Garna11.ba Wa.:c.-The work on the constitution 
of carnaubn wax has been coutinue<l, with the identi
fication of seven omega-hydroxy-acids ( 0 1s to C30) 
1·epresenting the major portion (some 60 pe,r cent.) 
of the acids from the wax. 

(d) Plant Alkaloids.-The past year has seen a 
change in the approach to the survey of the Australian 
flora being carried out in the Division, in line with 
the reviving interest among the pharmaceutical indus
try in drugs of natural origin, including those from 
th·e higher plants. Systematic chemical "t.ucl ies in tho 
plant kingdom have hitherto been _few a~d v~ry l\rnitc_d 
in scope, and the need to rectify this s1tuatton 1s 
becoming apparent. N egotiations ure in progress with 
certain pharmaceutical firms with the object of putting 
the systematic pharmacological screening of .Austra
lian and New Guinea plants on a collaborative footing. 

.Among 1·ecent discoveries responsible for this 
renewed interest in naturally occurring drugs is that 
of the valuable hypot.ensiYe and t ranquillizi11g ageut
the alkaloid reserpine-from the Indian plant Ra11.
wolfia serpentina. Examination of the small tree, 
A.ls-tonia constricta, which occurs abundantly in 
southem Queensland and northern New South Wales, 
has now revealed the presence of this same alkaloid 
in the root bark, the content of some samples approach
ing 0.3 per cent. Provided a satisfactory commercial 
process for the separation of reserpine can be devised, 
A. constricta could become one of the mo.st useful 
sources of reserpine. A nmi1~er of Austral!n~1. phar
maceutical firms are exammmg the poss1b1hty of 
~fu~~ ~ 
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Work is in progress on other members of the famil) 
to which .1lslonia belongs, tb.e Apocyanaceae. In par
ticular, structural studies with the alkaloids of Kopsia 
longi/lora al'c sufficiently advanced to establish certain 
features not common to other apocyanaceous alkaloids. 
The Land Research and Regional Survey Section has 
supplied samples of a number of species from New 
Guinea, and certain of these show promising alkaloid 
content. 

Progress has been made towards the synthesis of 
the vesicant alkaloid cryptopleurine, and a study of 
the stercochemistry of the methiodides of a number 
of quinolizidine bases is being undertaken to clarify 
the nature of the transformation of cryptopleurine to 
iso-cryptopleurine. 

The structure of one of the alkaloids of Lunasia 
amara has been established, and the synthesi.9 com
pleted; it is a derivative of 2-phenyl-4-quinolone. 

( e) SI ocl~ Poisons.--The main work in this field has 
again been coneerned with plants containing pyrrolizi
dine alkaloids. The investigation of Crotolaria retusa., 
the cause of Kimberley horse disease, has continued 
with the assay of samples from Katherine, .Alice 
Springs, aucl the Kimberleys, and the isolation of 
about a kilogram of monocrotaline for biological 
experiments. C. rat11sa bas also yielded small amounts 
of three new alkaloids, the chemistry of which is under 
investigation. Studies on the alkaloi<ls of Senecio 
.iacobaea have reached a point where structures can 
be proposed for the main components. .A common 
weed, Erectitcs qu.adridentata, has been found to 
contain the three known pyrrolizidine bases seneci• 
phylline, senecionine, nnd retrorsine. . 

Investigation has begun of Bchimn plantagineum,, 
which, despite its general acceptance as a non-toxic 
plant, lias recently been suspected of causing liver 
damage to sheep in the Albury district, and three new 
n lkaloids have been isolated. Work has also begun on 
Amsencl.;·ia intennedin, which is not under suspicion in 
Anst1·alia, but has been responsible for stock losses in 
tlJC United States of .America. The Queensland vine 
'l'om·neforlia sarmenlosct has been found to contain 
supenine, a minor alkaloidal constituent of heliotrope in 
substantial amount. 

:Much time has been devoted to the assay of new 
pyl'l'olizicline-containing plants, and the coverage of 
these assays is to be broadened to provide a clearer 
p ictu1·e of the extent of alkaloid occurrence in this wide 
fi eld. Of the 30 plants examined, sixteen contain more 
than 0.1 per cent. of base, inclusive of JV-oxides. Six of 
eight Grof olaria species were in this category, and in 
view of the wi<le distribution of this genus in northern 
.A.us-tralia and the difficulties involved in feeding trials, 
a detailed i,tudy of the genus is to be made. 

Fnrther work has been done with t,he major alkaloid 
of the seed of WestC'm Australian blue lupin. It is 
evidently an unrecorded keto-spart.eine. 

In the non-alkaloidal field, work continues on Atalava 
hcmiqla1icn, T ndigof era cnneaphyllci, and Phalaris 
t-ube1:osa. Recent overseas wo1·k showing that 
/3-nitropropionic acid is the toxic principle of Indigo/ era 
enneaphvlla suggests that it may also be responsible 
for the toxicity of I. enneaphylla in horses. A quantity 
of the aci<l has been syn thesize<l for biological testing. 

Lack of seasonal growth of experimental Phalaris 
t·uberosa past ures pre\'Cn ted any progress with t.l1e 
projected study of phalaris stag:gers, but fractionation 
of extracts of pbalaris from Toora<lin in the search 
for a comnoncnt having curariform activity l1as pro
ceeded. The active material is now known to be acidic. 
Frac_tionation of a~ucous extracts of the seed of Atalaya. 
h~nnglanca has yielded conoentrates toxic to gninea 
p1gs. 

(f) G~wmis_t1·y of Tallow Constifiients and Long
cham Al,iphatic Oompounds.-Work on the cbemistrv of 
oleic acid has been continued with the study of .. tbe 
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ketonizatioll of this nncl related ~nsaturat~cl acids. The 
substance described as oleo_n~ m t½e literature has 
>roved to be a mixture contauung mamlJ other (tran~

~riented) kctones. It has not been poss1~le to prepare 
ure oleonc from oleic acid by the du-ect methods 

i-eporte<l to be applicable, but indirect procedures by 
w~y of the acid chloride or ester bave succeeded. PU1·e 
oleone is a low-melting solid. This an_d o~ber related 
ketoncs can be readily converted by oxidation to keto-
clibasic acids. . 

A. project a!me<l a~ the _oxidation ~f long-chain fa tty 
acids at specific pomts m the cbam Jrns been com-

menced. S . 
In collaboration with the Dairy Research ect10!1, 

tlrn synthesis was undm,taken of three lou_g-chnm 
a lipliatic diene aklchydes, of the type res.ponsible for 
flavour <lefects in milk. These aldebydes have not pre
viously been recorded in the li~erature. . 

(g) Investigation of Potent_wl Seed Oil Res011rccl:!.
Thc investigation of Australrni: samp)es of 1llallotiis 
phi/.ippinensis, :vhich yields an 1!1terestmg unsaturated 
seed fat to which much a ttention bas recently be<;n 
devoted in India as a possible r~placement fo~ tnng_ o~l, 
has been continued. The material of Australian or1grn 
has been shown to be comparable in quality with the 
Indian, but samples 0£ the seed were fo~m? to be very 
variable in respect to yield of fat. A pre]munary _as~ss
ment of the possibilities of commercial cxplo1tatlon 
has been made. 

The seed fats of three Sanlalmn species have been 
examined: the sweet nnd bitter quaudongs, and the 
fraarant sandalwood (S. acuminalus, S. 11mrrayana. 
ancl S. spicoltts). These fats are all rich in ximenynic 
acid (an acetyleuic acid), but unlike the _seed. fats 
of certain X imenia species, do not con tam h1g.ber 
unsaturated fatty acids, oleic aci<l being their major con
stituent. 

(71) Synthetic Resins and l'olymers.-(i) Tigaso 
Oil.-This oil which is exuded when the wood of the 
New Guinea tree On1npnosperniwm, brevipef,iolalmn is 
rut has been fractionated ou alumina both before and 
aft~r )1ydrogcnation and hydroly~is. _An optically ~cti~•e 
eompound has been isolated wluch 1s non-phenolic, m 
l·o11trnst to the major C!onstitueut. of the oil, campnospe1·
mo11ol. Work on the chemical constitution of this new 
compound is .proceeding. 

ln co-operation with an interested in~ustrial 
organization, a start has been mad~ on c,:nluntmg the 
resins which c1u1 be formed from t1gaso 011. 

(ii) Cyanide 1-'olymers.-The insoluble poly~10r~c 
ma terial which forms at the anode when a cyamdo 1s 
electrolysed iu aqueous solution is being studied. The 
material which is insoluble. in most solvents, appears 

' b ·a . l . h " closely related to ut not i ent1ca w1~ ·• paracya-
110gcn ", .prepared by therwal de~on1pos1~10~ of mer
curic cyanide under pressure. It 1s nlso similar to the 
polymer formed from _hyclrocyanic. a<!id on sta!1di11g 
in the presence of alkali. The cyamdo polymer 1s not 
the 011ly proc~11ct of electr~lysis; o~e of th~ m~re 
interesting which has been isolated 1s cynnunc acid. 

( i) lllicrooMlY!,icol Lab?ratory.-Dcmnnds on tlie 
Rerric-cs of the :M1cronnalyttcal Laboratory, run by the 
Di"ision in conjunction with the University of Mel
homM continue to increase. Over 5,000 individual 
analys~s ba,·c been performed in ~be past year , an 
incrt>asc of 10 per cent. over the previous year; of these 
approximately 60 per cent. wer~ for C.S.I.R.O. and 
otliei· Commonwealth Lnborntones, 35 per cent. for 
universities nncl 5 ,per cent. for industrial laboratories. 
Of particuiar interest is the increMing number of 
requests for analyses from universities outside Aus
t.rnli11. In addition to the range of stnndard analyses, 
f acil i-ties for the determination of microsaponificntion 
values are now available. Special analyses perfot·mcd 
include silicon and fluorine in organic compounds. 

8. Un.1,11ucA1. ENor.NEEmNo. 
( Division of Industrial Chemistry. J 

The major part cf the research 1wogramme is 
associated with the utilization of brown coal, par ticular 
attention being given to the study of the techniques 
and chemical reactions which are of importance to 
brown coal gasification. 

Other research projects are concerned mainly with the 
investigation of the characteristics of ftuidize<l solids 
and the application of the fluidization technique to 
the roasti11g of minerals and concentrates. Over the 
past five years the Division has accumulated a ,vicle 
experience in this :field, and requests for advice and 
assistance a re constantly being i·cceived from companies 
who arc in terested in the application of fluidized 
methods of processing in their :u1dustrial operations. 

The Di\-ision's P rocess Equi.pment Laboratory pro
vides a service to iudust:ry nnd to other par.ts of the 
Organi;:aticm by maintaining ancl supervising the use of 
a wide range of pilot-scale chemical processing equip
ment, which is made available for sbort-rnnge process 
investigations or for the preparation and treatment of 
batches of special chemicals. 

(a) Goal U tilizatior1,. - B oth fundamental anJ 
applied studies of the gasification of brown coal have 
hccn continued. These are desc1·ibed in Chapter XX., 
Section 0. 

(b) Fluid Bed Roasting of Oo7Jper Ooncentrates.
lnvcstigations of the roasting of copper concentrates 
in a large fluidized-bed, pilot-plant roaster have reached 
an advanced stage. '!'his work was undertaken at the 
request of Mt. Morgan Ltd. and the Mt. Lyell Mining 
and Railway Co. Ltd., and is canied out in collabora
tion witb these compnuics. Tho main purpose of the 
work is to <lcterminc the feasibility and optimum con
ditions for a proposed hydrometallurgical process for 
I be recovery of copper and pl'ccious metals from 
sulphide concentrates. This process consists in con
trolled roasting of the concentrates to convert tLe coppe1· 
i11t.o a form soluble in dilute sulphuric acid, the leaching 
of the cnlciuci-, and tl.ie electrode position of the copper 
from the leach solutions. The fJrecious metals which 
remain in the residues after lcac I ing may be recovered 
by cyanidution. Information is ulso being sought to 
permit the CYaluation of fluidized bed roasting as a 
menus for production of calcines for reverberatory 
fumace and electric arc smelting. 

The fluidized bed roaster which hns been installed 
is of 3 ft. G in. internal rliametei·, an<l has n capo.city 
of about 3 tous/day of concentrates. I n the early 
i.tages of this work it was necessary to spend con
sitlc1·ablc time in soking the difficult problems involved 
in feeding tho copper coucontrates to the roaster, in the 
fonn of a slnny of 75-80 per cent. solids couteut, at a 
<•011stnnt and reproducible rate. An ingenious type of 
pump was finally developed for this purpose. 

il.t the preseut stage iu the investigation a greu•t deal 
of valuable information on the influence of operating 
conditions 011 the composition and properties of the cal
cines has been accumulated, nnd i t is possible to specify 
with_ foir accura~y the op~imum conditions for the pro
duction of a calcme of a given type. However, n serious 
problem, in tho ngglomcnition of calcines in the roaster 
has becu encountered. This agglomerntion may caus~ 
<lefluidizatiou of the bed and formation of troublesome 
deposits on the roaster walls. Efforts to solve this 
problem have shown that it is associated with o. high 
copper content in t.he calcines, and thus may be avoided 
by restricting the grade of concentrates to be roasted. 
l lowc\·er,. it h_ns ~lso bee~ s~omi that by careful design 
of the air d1stnbutor 1t 1s possible to mitigate the 
tJ•ou~lesome effects of agglomer ation, even with calcines 
of high copper content. 

(c) P1·?cess E_q_u_ipment Laboratory.-This labor D
to1·y proncles fnc1ht1es for tccbnolo.,iral ex1)eriment and 
t.ho rnpid development of rhemi;al processes to the 

•• 
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pilot-plant stage. It also facilitates certain types of 
fundamental investigations where the initial steps may 
involve quantities of natural materials that arc ~oo 
large to be handled in conventional laboratory equip
ment. 

Most of the work done originates in . other ~ect~ons 
or the Division, in other Divisions of the Organ1zat1?n, 
or in private :firms. The laboratory fmnishes the equip
ment and advises on its nse, but th0 collection of data 
is left to the staffs of the .particular organizations who 
make use of this service. 

In the past year, four plants have ~een advan~ed 
to the pilot stage of development, special pro_cessmg 
equipment was used for test purp_?ses on e1ght~en 
occasions and some eighteen extractions were carried ' . . . out preliminary to laboratory mvestigat1ons. 

9. l{ADIO-ACTIVE TRACER ELEMENTS. 

(Tracer Elements Investigations.) 
The Unit has continued to help research workers who 

wish to use radioactive tracers. This assistance 
included collaboration with the Chemistry Department 
of the UniYcrsity of Melhourne in giving a Radio
chemistry Course of one week's durati_on in June. 

The main work under taken comprised:- . 
(a) lsolopic Tracers in the Study . of Che:7iical 

Reactions.-(i) Tracer techniques are bemg apph_ed to 
a study of the pinacol re-arrangement. A prehmma_ry 
to this work was a thorough investigation of the kinetics 
of the re-arrangement; this is now complete._ 140-
labelled pinacols have been prepared and the ISotope 
effect in the re-arrangement is being determined. 

(ii) Radioactive tracer methods are being nsed to 
analyse products formed by the actio~ o~ ionizing radi?
tion ( X-rays and 0°Co gamma radiation) on benzo1c 
and snlicyclic acids labelled with 140. 

(b) Colla.borati·ve Work.- Experiments carried out 
with the Wildlife Survey Section led to a satisfactory 
method of tagging carrots with radioactive iodi_ne. 
This method is suitable for the study of the feedmg 
habits of rabbits in field experiments. 

In collaboration with the Division of Animal HeaJ.tl1 
and Production, the fate was determined of 3uS-sulphate 
in two sheep, in one of which a high level of molyb
denum in the ·blood was maintained. · This work is 
reJa.ted to n. study of the way in which molybdenum 
and sulphate. affect copper deficiency in sheep. In 
connexion with the same problem a method for the 
determination of sulphate in pastures by isotope dilu
tion analysis was developed. 

( c) Synlhesis.-The synthesis of 2-1·10-methyl-4-
chlorophenoxyacetic acid (" Methoxone ") has been 
completed: The m_ode of ~ction of th~s _p}ant growth 
regulator 1s now bemg studied by the D1v1s10n of Plant 
Industry. 

(d) Rtid·ioact·iv e Assay .Methods.-Work has con
tinued on the development of gas counting of 140, 
scintillation counting, and autoradiography. An 
instrument for the automatic measurement of radio
activity on paper chromatograms was constructed and 
is now in routine use. 

XIX. MINERA.GRA.PHY AND ORE-DRE.SSING. 
1. GENERAL. 

The importance of investigations for the develop
ment of the mining industry and the utilization of 
A.ustralia's mineral resources is fully recognizerl by 
the Organization. 

M:ineragraphic _work to provide infor!Dation on t~e 
mineral composition of ores has been m progress m 
Melbourne since 1927. The techniques used are highly 
speciali7:ed and require considerable expe~ience, so 
t.hat it 1s only rarely that they can be applied by the 

staffs of opera ting mines. The current work. of t~e 
Mineragraphic Investigations Section is described lll 
Section 2 of this Chapter. 

The Ore-dressing Laboratories operated in Mel
bourne in collaboration with the University Depart
ment of Mining, and in Kalgoorlie in co-operation with 
the School of Mines investigate the composition of ores 
and provide advice 'on suitable methods for thew· full
scale trea(1ueut. This work is reported in Sections 3 
and 4 of this Chapter. 

Work on the utilization of minerals is carried out 
by the DiYision of I ndustrial Chemistry ( see Chapter · 
XVIII., Section 2). 

2. M INERAGRAPHIC INVESTIGATIONS. 

(Mineragraphic Investigations Unit.) 
Thirty-seven investigations have been made of the 

mineral associations of rocks, drill cores, and mill 
products submitted by mining companies and otller 
organizatio11s. A number of these were related to the 
search for new mineral deposits. Twelve were con
cerned with nranium ores. Eight were concernP.d 
with esperimental treatment of o,res in the Ore Dress
ing Laboratories, and three were submitted by the 
Minerals Utilization Section, Division of Industrial 
Chemistry. 

Examination of uranium ores from the Mary 
I.Cathleen lease, Queensland, reveale.d the presence of a 
new mineral, identified with the help of the Mineral 
Utilization Section, as a rnre-earth borosilicate, and 
named stillwellite, after Dr. F. L. Stillwell, former 
head of the Section. A specimen from Rum Jungle, 
Northern Territory, resembling torbernite, bnt show
ing anomalous fluorescence, was fonnd to consist of 
a microscopic interlayeriug of plates of meta-torbe,rnite 
(non-fluorescent ) and meta-autunite (fluorescent). 
Uraniuite was identiiie<l at Mary Kathleen, Queens
land, and R.avensthorpe, Western Australia; and pitch
blende was found a t fleur de Lys, Brocks Creek, 
Northern Territory, and at Rum Jungle, No.rthern 
Territory. Brannerite was identified at leases in the 
Mount Isa district, Queensland, and a number of 
bismuth, nickel, and cobalt minerals were identified 
in Rum Jungle ore. 

1Cohalt ores from Mount Cobalt mine, Selwyn, 
Queensland, a11d the Oambourne lode, Mungana, 
Queensland, were exami.J1ed, and an intensive study was 
made of the mineral composition, at all levels, of the 
Peko copper ore body at Tennant Creek, Northern 
Territory. This, in addition to copper, contains gold, 
bismuth, and cobalt minerals. A little wolframite 
nnd some primary goethite were found also, indicating 
a wide temperature range during deposition of the 
ore. 

The occurrence and grain-size distribution of the 
gold in the ore of the Ifill 50 Gold Mine, Western 
Australia, were investigated. 

A detailed petrological and miueragrnphic study was 
completed of the scheelite deposits at Grassy, King 
Island, Tasmania. This revealed the grea,t variety 
of rock types present, and the intense but localized 
metasomntic changes that accompanied deposition of 
the ore. It. also proYided a basis for correlating the 
rocks coutaining the ore bodies with other geological 
formations on the island. 

A suney was made, in conjunction with the Broken 
Hill Geological l~esea rch Committee, of the distribu
tiou of cadmium in the Broken Hill Lode. The cad
mium occurs substitutinp; for zinc in the sphaler ite of 
the lode, and a distinct ive nattern of zinc: cadmium 
r~tios was f~und in zinc c~ncentrates prepared from 
cbfferent section~ of the v_anous ?re bodies comprising 
the lode. The zmc: cadmrnm ratios appear to increase 
with the progress of deposition of the ore. 



116 

.An extensive investigation of the composition of 
beach sands in the Portland district of Victoria was 
undertaken for the Portland H arbour Trnst, in an 
attempt to determine the direction and amount of 
sand drift in the harbour region. The first half of 
the investigation is complete, and indicates that sand 
drift is likely to be local only. I ndicator minerals 
have now been added to the beaches, and their move
ments are being followed. 

The Section's investigations have 'been facilitated by 
increased contributions from a number of mining 
companies through the Australasian Institute of Min
ing and Metallurgy. The University of Melbourne 
has co-operated in providing laboratory accommodation. 

3. 0.RE-DRESSING INVESTIGATIONS 

(Melbourne Laboratory.) 
During the first quarter of 1955 the Section trans

ferred to the new building which has been erected to 
house the University Miuing and E lectronics Depart
ments and the Ore-dressing Section. Although the 
move involved temporary disruption of routine, the 
greater space now available aud the improved facili
ties are already most beneficial. 

New equipUlent acquired during the year includes 
a second autoclave for work on pressure leaching at 
rather high temperatures and pressures, a Knapp and 
Bates laboratory pneumatic table for dry gravity con
centration, and a 6-in. b_y 4-in. diaphragm jig which 
was designed and constructed in the lal.Jorntory. 

Investigations during the year included work on 
ores of antimony, cobalt, gold, lead, manganese, silver, 
tantalum-columbium, tungsten, uranium, and zinc, aud 
on beach sands, diamonds, and phos1::ihate rock. 

Tb1·ee antimony ores were concentrated Ly flotation, 
and although stibnite was the principal minernl 
involved in each case, each ore needed rather different 
flotation condit ions. One merely needed the additiou 
of a higher xanthate to obtain good recovery, another 
needed an optimum addition of activator, and the 
third needed stage additions of activator and collector 
for best results. A plant has been erected in New 
South Wales to treat one of these ores. 

Interest is being maintained in cobalt ores and 
investigations into general methods of treatment a1·e 
continuing. Test work confirmed that electrostatic 
separation was not likely to be useful in the treatment 
of cobalt-manganese oxide ores. Leaching of such 
ores is to be further investigated and work on the 
gravity and flo tation concentration of an ore con
taining cobalite and erythrite is in progress. 

An investigation in collaboration with the mine staff 
of Morning Star (G.M.A.) Mines N.L. has been 
carried out to determine a satisfactory method for 
destroying cyanide in plant residues and discharged 
effluent. The mine is situated in moun tain country 
within the watershed of the Goulburn Uiver. Satis
factory results have been obta ined with a method 
involving the use of fenous sulphate and bleaching 
powder. 

Treatment of a gold ore from Queensland was com
plicated by the presence of a high proportion of auri
ferous sulphides and some copper minerals. Tbe work 
done showed that for high gold extraction, extensive 
plant would be required as the process would involve 
bulk flotation of a sulphide concentrate for roasting, 
aoid leaching and cyaniding, together with cyanidation 
of the flotation tailing. 

Treatment of an oxidized lead-silver-gold ore from 
Queensland was investigated and good recovery of lead 
obtained by gravity eoncen tra tion after roll crushing 
of the ore. Satisfactory gold recovery was obtained 
from table concentrates and coarse table tailing by 
cyanidation. A feature of the ore was the large pro
portion of primary clay slime for which no really 
satisfactory treatment process was devised. 

Further work 011 the electrostatic concentration of 
alluvial diamonds was carried out. The work was 
done on a product from a dredge-borne jig, which con
tained quartz, some iron oxides, and other minor 
minerals. It was found that if such a product was 
mildly agitated, when dry, the quartz become selec
tively more conducting, presumabl,y due to an electro
statically conducting coating of iron oxides, and that 
diamonds could be concentrated in a very small bulk 
of less conducting product. 

4. 0RE:-DRESSINO INVESTIGATIONS. 

(Kalgoorlie Laboratory.) 

At Kalgoorlie, where work is done in co-operation 
with the School of Mines, sixteen Reports of Investiga
tions and 52 Certificates ( assays, analyses, and similar 
work) were issued. Of the lfoports, nine had refer
ence to gold ores, four to the ores of other metals, two 
to non-metallics, and one to the possible use of a com
mercial detergent as a flotation reagent. The Certifi
cates referred mainly to assays and analyses of various 
ores and minerals, and nearly all Certificates contained 
results from a number of samples. 

Installation of a pilot plant capable of treating 
from 100 to 200 lb. of ore per hour was completed, 
and trial runs were held. The plant contains the 
following sections: grinding, thickening, classification, 
flota tion, filtration, cyanidation, and gravity concen
tration, and is designed for continuous operation. The 
large units are installed in fixed positions, but other 
units are mobile and can be used as required. 

Methods of treatment were developed for the three 
maiu ore types from the Lance:field N.L. Gold Mine 
at Beria. Fine grinding and "straight" cyanidation 
gave respectively 95 and 86 per cent. gold recovery 
from the oxidized and semi-sulphide ores, but the 
sample of heavy sulphide ore required flotation and 
r0asting of the concentrate for a satisfactory gold 
recovery. 

Rea l'y-media separation tests on a Kalgoorlie gold 
ore were unsuecessf ul in producing a " sink " or 
"_float " prodnct, of sufficiently low grade to be 
discarded. 

Rill 50 Gold Mine ore types were examined in con
junction with the Mineragraphic Investigations Sec
tion to determine any essential differences fo ore 
character. The ore types submitted, although they 
varied greatly in gold value, were all essentially of the 
same character. 

Aceumulatecl flotation tailings from the Blue Spec 
Mine gave a recovery of about 60 per cent. of the 
gold and the scheelite after cyanidation and gravity 
concentration. 

Heavy-media separation of a gold-stibnite ore from 
Victoria at 1.5 inches maximum size gave a recovery 
of 2.3 per cent. antimony from a head value of 2.6 
per cent. 

Cyanidation tests on a high grade gold stibnite ore 
sample showed that ammonium persulphate increased 
the gold recovery by cyanidation from 50 to 90 per 
cent. 

Research into the possible use of a detergent as a 
flotation frother indicated that it was of no value in 
sulphide flotation but may be of value in non-metallic 
flotation. 

Heavy-media separation tests on a spodumene ore 
from Ooolgardie gave excellent recovery ( 62.6 per 
cent.) of the mineral from felspar. The concentrate 
assayed 5.5 per cent. lithium. 

Flnid-bed test work in the cold was carried out on 
a sample of bcnoficiated lime sands from P erth. 
Further work at elevated temperatures is proceeding 
on this material. 
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XX. FUEL. 

1. GENERAL. 

The Organization's fuel research programme is nt 
present mainly confined to coal. There is insufficient 
knowledge concerning the properties and characteris
tics of Australian coals and an urgent need for th i.s 
knowledge exists so that the best and fullest use may 
be made of the available r esources. 

The Organization's main centre for investigations 
on fuels is the Coal Research Section, located at North 
Ryde, New South Wales. This Section was estab
lished to undertake a fundamental and comprehensive 
study of the physical and chemical characteristics of 
Australian coals. The worl, of the Section is reported 
in Sections 2-4 of this Chapter. 

The Division of Industrial ChemiRtr.v undertakes 
work on the engineering aspects of ~nsification of low
rank coals, and this is reported in Section 6 of thi.s 
Chapter. 

Co-oper11tive inve~tig-ations on the fossil pollens in 
bi·own coal are 11ndertaken in the Botany School of 
the Univer•itv of Melbourne, and are reported in Section 
5 of this Chapter. 

The Or!!nni?:ntion's Central Experimentnl Work
shons at M ariby,·non~, Victorin, are studying the 
desi,!l,'n nnd con~t.rnct.ion of solar water beaters for 
domestic nnd ind1rntria] armlica t.ions, and this work 
is reported in Section 'l of this Chapter. 

Oonl Rr,se.arr:h SecUon.-Coal is the most important 
solirl fnel nvaila ble in Australia and the programme 
of work nf the Coal Re~earch Section covers infer alia 
a rlrtnifo<l snrvey of the chemical and -physical pro
pPrtirs of in,fornnous coal seams; coa.1 washing and 
n llirrl invest.iir:itions to effect an improvement, in the 
coking nronerties, or n r eduction in the snlplrnr and 
n~h <'.ontents of coals, or both: tl1e carhonizntion, 
.1rni:ifi,.11tion. 11nrl rombm,tion of solid f11els; funda
mrnb l stnrliP.s in the netrol o!!ical nnd rhPmical con
st.it11t.ion of co::t l: stnndarrlizatioo of snmnling. sizing-, 
t P 0ting, and analytical techniques as applied to solid 
fo rk 

Wnil~t conrm•np,<l with lonll'.-term problems associntecl 
with t.hP. evn lnation of ron.l r esources on a national 
h~sis. the work of the Section is de~il!Tled to bear 
clil'Pl"tlv on crnrrf'nt nnd future problems or coal 
ntili?:nt.ion. 0-nnsidei·n ble p1·n1rress bas been mnde 
townrrls estnhliRhinrr the facilities required for pro
e-rnmmes alrP11<ly comme11ced, and thfl activities of the 
Sr<"tion r.ontimrn to expand as staff is trained and 
eqninment obtained. 

Pilnt.-~<"a1P cnrhnni:,;ntion plimt. comh11stion furnaces, 
en11inmrnt for tf'sting- the medinniral nronerties of roal, 
ann lnrsrP-~Pn l e n lant for investim1tine: t.be wnshability 
chnrarterfatics of coals are now in operation. 

Dnrinl!' tl,e ve11r a not fornnce to simulate combus
tion Til'0<'esses in overfeerl fnel hPils was eomplPted and 
onp1•ati11g- tPchnim1es wP1·e established. A pilot-scRlo 
slnt O'l"P.n fo1· the inw•qtio-::ition of rrnrboni:i:inc: c011di
t ion~ nnrl of co11 l hlendinir for the production of 
fo1milry coke was also completed. 

Tl1e RPrtion hflR condnctrd carbo11i zation. combns
tion: n11rl wnslrn hilit.v tests in co1mexion with sperific 
inonhiPQ for new nlAnt anrl eoufomP.nt, anrl incrr>nsing 
1Hir jq hPii1« mn.rlP. hv inrlnstrv of the resnlts of s1H•h 
i11vPstigations in th~ design and selection of suitable 
pla11t. 

The effi,.ient utilization of hnt.11 low-rank anrl )ow
p:r11rle ronls is of con~irlf'rnhle imnorhrnre in tlHl 
eronomic rlrvplnnmrnt or sero11<ln1•v indnstrie~ throll!rb
m1t the CommnnwPnlt.h n11 rl, wit.hin tl1e limits and 
canncitv or avnilnhle staff, iticrensed attention has 
hP.~n l!'i'l"Pn to investi11:atione concerned with the burning 
of such fuels. 

Officers of the Section continue to make a major 
contribution to the activities of the Institute of Fuel 
(Australian Membership). Over 80 r eports dealing 
with the Section's investigations were prepared during 
the year, and a large number of technical inquiries 
were answered. 

Mr. N. Y. Kirov paid a short ,1 isit to the United 
States in order to attend the Joint Iuternational Con
ference on Combustion at the Massachusetts Institut.-i 
of Technology. 

In his capacity as Austr9lian member of the C1om
monwealth Committee on Fuel Research, the Officer
in-cbarge continues to act as co-ordinntor of revif'ws 
of fuel research carried 011t hy official fuel re!'carrli 
centres thl'Oughout tlrn British Commonwealth and 
dealing with (a) physical te!'tin~ of coal and prtro
graphic investigations, nnd (b) brown and sub-bitu
minous coals. 

Towards the end of the year, Dr. n. T. A. TownPnd, 
C.B.E., Director-General of tl1e Drifoh Coal Uti1i7.a
tion Research Association, spent three months in 
Aust.ralia advi;:in!! the Or!!'rini:rntion on i t.s roal 1•psp11r,.h 
prorrrnmmr.. Dr. Townend made his l1e11rl-r11rnrtrrs in 
Sydney and t he staff of the Coal Re!'Parrl1 Sertion 
derived consirler11l1le benefit and inspiration from 
disrmsions witl1 him. 

With the r early assistanre and co-oppration from 
collierv proprietors. larae coa 1 users. and State anfhori
ties, Dr. Townend lrni! imnortant di$rnssiorn; ann mnde 
extensive visits of incfostria 1 a1•eas in New South Wales, 
Qneensland, Victoi·ia, and South A ustrn.lia, and his 
visit has been of tlrn greatest value. not only in pro
viding an independent assessment of the Rrrtion's work, 
but also in promoting closer contnct with the coal
producing and coal-using industries. 

2. ExA11rINATTON Ol' Co.n. SEAMS. 

(Coal R esearch Section.) 
Survey work for the year undrr r evipw hA~ beE'n 

confined to seam s in tl1e 11nper irnrl lowPr rnR l mrns11rf!s 
in t.he NorthPrn Conl-fie1cl of New Sonth WRlP~. and 
work on the Greta (lower conl) mea.smes in t.hf' Mnit-
1and, Cessnock, and Muswellbrook 11rPn.s is cont.innin<r. 
Conls from tl1e :M'nia open cut (We!;tPr11 Australia) 
and from Lefo·h Creel, (Soutl1 Au~trnlia') hnve nl"o 
been exnmined- the former in colln bor11tion with 
Broken Rill Proprietary Comnany Limitpn. anrl the 
latter thromrh tlie courtesy of the Stnte Elertririty 
Trust of Soutb i\.u!';tralia. The assistance or these 
ori:raniza t.ions is greatly anureria tf'd. 

Reports dealing with the e:<.'11mim1tion of !!nmp 23 
bores sunk by the Joint Conl 13onrr1 in the 'B::tlmornl 
area (south of Mnswellbrook) have hPPn preparPil. 
The testina: and an11 l:vsis of l"rJ1·es rerovered in a hore 
bole snnk by the Broken Hill Pronriet.nr:v Comnirny 
Limited, n.nrl passin!!'. tl1rorn!h ~20 fppt of strnt11 whilo 
nenetrating the Young- Wa llsend, the Yard and the 
Borehole sea.ms, was commenced. 

8. CoAT, CoNSTTT!'TTON. 

(Coal Research SeetiO'n.) 
(a) Pefroqrapl111.-Pfltrol!'r11nhfonl ~tll/Ft>s form nn 

imnortant part of the investi!!'ations into t.hP rhrmir11 l. 
physiral. nnd merhani<'n 1 pronPl'tie!'. of rna 1. anrl nf 
its behaviour under various conditions such as storage, 
grinrli11g n11rl cat·bnni:drn!, 

Study of the petrogrnphirnl ~tr11rt11rp of N PW R1111th 
WRles ·coRl se11rns h:is rontin11rrl hnth hv tlrn ,,op ,.r 
thin sections 11!'.iM trnn°mitted light, and of polished 
sertinns nsinc: inri rlPnt lic:h t. 

Tnvestic:ationR of t.l1 r pm,sil1ilit:v of 1l"ine: thP ~iQtri
bution or ~ertain mirrORnores fo1· t],p n111•no~(> of 
intercorrelntion of coal ba!'.ins an<l individ11al i:.pam~ 
is being co11tin11ed. A systematic examination and 
classifieation of the bisaccate microspores isolated from 
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coals and shales 0£ the Australian Permian has been 
made and their structure and distribution have been 
studi;d. Comparisons have been made between Aus
tralian Palaeozoic bisaccate forms and similar types 
from approximately contemporaneous deposits in other 
parts of the world. 

Isolated monolete, monocolpate, and alete sporo
morphs have been found to occur frequently in Aus
tralian coals and shales of Permian age. The structure, 
distribution, and possible affinities of a number of the 
more common types has been studied, and they have 
been classified on the basis 0£ their germinal mechanism 
and ornament. 

The officers engaged on this highly specialized and 
exacting work ha\·e been called upon to carry out 
palynological examinations to assist in determining the 
age and correlation of strata encountered during the 
drilling for oil in Wes tern Australia and in New South 
Wales. 

(b) Physical and Chemical Properties. - (i) 
Thermal lnvestigcdions.-An apparatus was assembled 
for the determination of low-temperature nitrogen 
absorption isotherms and helium densities. The 
surface areas of seven coals having carbon contents 
rang,ing from 93 to 68 per cent. ( d.a.f.) we1·e deter
mined from their isotherms, using B.E.T. equation. 
The surface areas were small (less than 10 sq. m. 
per g.) for coals with carbon contents of less than 90 
per cent., but that of semi-anthracite was :much higher; 
there was no simple correlation of the surface aren with 
rank of coal. 

An investigation of the effect of temperature upon 
the heat of immersion in water of several coals inrli
cated that there was no change in the range 4-40° 0. 
An increase in the heat of immersion with increase of 
temperatnre was found, however, in the one case in 
which powdered coal bad been stored in a sealed 
container for some months before being used for the 
measurements. 

During an investigation of the change in the surface 
area of coals during pyrolysis (measured by the B.E.T. 
method at low temperature), it was found that a. 
very marked increase in the internal surface takes 
place between 400 and 000° 0. This was particularly 
noticeable in a char derh·ed from brown coal. 

(ii) Refractive lndices.-The refractive indices of 
a wide range and type of coals were determined using 
the Brewster angle method and by immersion of 
puh,erized samples in liquids of known refractive 
index. The two methods gave comparable results in 
most cases, but the latter is more convenient and 
accurate. 

It proved possible to determine the refractive indfoes 
of fusain found in bro,vn coal, and of chars obtained 
by heating brown coal up to 350° C. 

(iii) Chemical Properties.-Vitrains from high-rauk 
coal were found to be entirely soluble in boiling phenan
tbrene, the solubility diminishing with caking power. 
If the benzene-soluble portion 0£ the extract was 
removed the residue would not form a coherent coke. 

Non-acidic oxygen groupings (annarently quinone 
groups) which were converted to phenolic groups under 
mild reducing conditions were found in cokes and 
chars formed at 450-500° C. In the ease of a sample 
of vi train from the Lithgow seam ( carbon content 83 
per cent.) the main t hermal decomposition occurred 
between 400 and 500° C. and, in this range, approxi
mately ha-lf of the phenolic groups present in the 
original were converted to non-acidic oxygen groupings. 
It appears that, during carbonization, dehydrogenation 
of phenols occurs with the formation of quinone groups. 

The acidic groupings in a large number of coals 
were determined by means of titration in anhydrous 
cthylenedian ine, enabling the proportion of acidic and 

non-acidic oxygen groupings in the coals to be calcu
lated. The changes in these groupings dnring oxida
tion, carbonization, or treatment with various reagents, 
has been studied using n brown coal and a bituminolll! 
coal of medium rank. 

From preliminary experiments indications have been 
obtained that about 20 per cent. of the nitrogen in 
coal is in the form of basic groups accessible to titra• 
tion in anhydrous solvents. 

Changes in the infra-red spectra of coals produced 
by carbonization at varying temperatures and by 
chemical reactions were observed using specimens as 
mulls in liquids or as disks made by pressing mixture3 
0£ coal and potassium bromide. The changes in 
chemical groupings observed by !his technique showed 
excellent correlation with the results obtained by titra
tion in non-aqueous liquids. 

4. OoAL UTILIZATION. 

( Coal Research Section.) 
(a) Combustion Investigations.-( i) Surf ace I gni

tion in Fuel Becls.- The influence of some factors on. 
,the propagation of surface ignition in fuel beds has 
been investigated. It was found that the addition of 
surface moisture promoted a more stable and uniform 
fuel bed but retarded ignition, whereas fines (below 
i inch) conditioned to as much as 21 per cent. surface 
moisture were no more difficult to ignite than a closely 
graded i X ½-in. air-dried coal. A considerable 
amount of experimental evidence is available_ to show 
that modern mechanical stokers of tpe travellin.~ grate 
type can bnrn, without loss of efficiency, fuels con
taining an appreciable quantity of fines (below¼ inch), 
provided they are suitably moisture conditioned. 

(ii) Burning in Industrial Boilers.-In the burning 
of low-rank coals in industrial boilers, certain difficul• 
ties are experienced which result in excessive com
bustion losses and reduced steaming capacity, when 
compared with good-quality steam raising coals. 
During pilot-scale utilization. studies of Leigh Creek 
coal it was found that efficient combustion in the size 
range 1 to• 1½ inches (the maximum size tested) was 
difficult to achieve, and that initial ignition was retarded 
owing to large size, high moisture content, or high ash 
content of the feed. When crus11ed to below½ inch the 
coal could be burned with reasonable efficiency, but 
only at relatively low rates of primary air flow o.nd 
with low rates of heat release. Optimum conditions 
were obtained with rates of primary air snpply below 
300 lb. per square foot per hour, giving a maximum 
net heat release of just under 3 therms per square foot 
per hour. Similar investigations were made with coal 
fines and washing slurries which were burnt in the raw 
state and also in the form of pellets. 

(b) Garbor,li,zation Stud·ies.-( i) Tests in Garboniz
in,g Plant.-In continuation of the evaluation of the 
gas-making properties of Australian coals over 40 
tests have been carried out on a pilot-scale carbonizing 
plant. Coals have been carbonized at temperatures 
ranging between 600 and 1,000° 0., and for periods 
of between 9 and 36 hours. 

A series of tests was commenced to determine 
quantitatively the extent of the deterioration of coking 
and gas coals on storage, the initial programme being 
designed to CO\'er storage periods of from 2 to 52 weeks. 

(ii) Colee from B1tlli Seam Goal.-In a preliminary 
study of £actors affecting the production of metal
lurgical coke from the Bulli seam coal, the following 
investigations were car.ried out:-

(1) The Meas1tre1nent and Control of the B1tllc 
Density of Goal Gharges.-Three methods for the deter
mination of bulk densities were compared, namely, the 
Ropper's cone method, the 6-fi. dro·p test, and vibra
tional packing. The variation of the bulk densities on 
wetting coal samples with various amounts of water, 
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from 2 to 10 per cent. by weight, wns determined by 
these met.hods. The cifoct of small oil additions, 0.2 
to 0.G per cent. by weight to t.he wetted samples, was 
nlso measUl'ed. The oil additions were found to reduce 
the bulk density variation duo to wetting, and can be 
t~s~d as a means of stabilizing nnd controlling the <len
s1t1c5 of cool c.Junges fo r carboniiing. Information was 
also obtained on the angle of repose, and the handling 
and flow p1·operties of crushed coal with different 
rnoiBture contents. A report is in preparation . 

(2) Tlte Efl'er:t of Vnriat-ion ·iii Charge Densi.ly on 
fhe Carbonizing Beli(lviour of Coal ond Qualify of the 
Re.wl/ing Col.:es.-Samples of different charge densit ies, 
controlled by moisture additions, wcrc carbonir.oil in 
the Il.U.-A.G .A. plant under comparable conditions. 
.From observations of the carbonizing behaviour and 
measurement of the ph,rsicnl properties of the cokes, it 
wns possiblo to specify optimum charg ing conditions. A 
report is in prcpara tion. 

(3) 'l'lM E9'ecl of Blc11di11g J'efrOfJraph-ic Fractions 
on C'ol.e Q11alily.-It was obserYcd that natural 
br('a]rnge of the coal during mining auu other 
handling operatio11s r esulted in the accumula
tion of vitrain in the finest sizes of the run• 
of-mine. This constituent, generr,lly present in 
the scam as thin bands, is ,·cry bri ttle and, 
as plasto111etric rn<>a.,uremcnts showed, highly plastic 
:md swelling during roking. The exlcnt of this pn1·tial 
petrographic segregation was re,·ealccl quantitatively by 
pctrograpliic and plnstomctric measurements. A series 
of blend experiment~ was dc~igned, in whie-h blends in 
,·arious ratios of dti-ain-ricl.i fine coal with large crushed 
coal consisting mainly of duraiu and relatfrely low in 
plastic and swelling prope1·tics, were carbonized. From 
the r esull.s of these tarbonizations in tl1c B.:M.-A.G.A. 
plant, rcl•ommendatioll3 were giYen for the best wny of 
selecting and prcpnring po1'tions of tho run-of-mine coal 
most snitecl to the production of m etallurgical coke. 

(4) The E-Jj'ert of the Adclil.io1b of Colee Breeze to 
Coal Charges for Oarbonizaf.ion.-In a series of experi
ments similar to the above te•ts, the effect of blending 
various nmounts of coke breeze with the r aw coal charge 
on the q1111lity of the resulting cokes was examined. It 
was found tha t thl' addition of a small amount (about 
3 per rent:) of coke fine lrnd a beneficial effect and 
improved the physical :iml mechanical clrnracteristies of 
the coke. 

(iii) 'Pcirs.-.\s an essential part of the aLove car
bonization studies, the properties and constitution of 
tars obtninccl during tbc pyrolysis of coal on a pilot
plant scale are bcing investigated, and correlations mo.de 
with tars produced during the industrial opera tion of 
gas-making retorts and coke ovens. 

l\fethods of estimating the constituen ts of tar , £or 
example, naphthalene, phenanthrene, carbazole, and 
anthrncene continue to be investigated with a view to 
developing speedier and more accurate procedurcs. 

The carbonization of some Australian coals in con
tinuous ,·ertical retorts results in tars yielding naphthas 
of boiling range 136 to 150° 0. These naphthas eontain 
about 10 per cent. of sty1·cne. Tor distillers have had 
difficulty in polymei·iiiug this styrene with catalysts 
such as bcnwyl peroxidc, sulphuric ncid, and a luminium 
chloride. Laboratory investigations .baYe shown that 
the cationic catalysts boron trifluoride-acetic acid com
plex 01· boron trifluoride-hydrogen fluoride-B.uorboric 
aeid mixture pl'omotc complete polymerization of tLu 
styrrnc in the naphthas and g ive very viscous oily 
product~ which, on furtl1er distillation, leave solid 
a mber-coloured resins. 

Co-polymeri:rn.tion of tbe styrene (in nnphtha solu
tion) wilh indPnc fractions from the same t111· gives 
tbcorrtical yields of solid co-polymers similar to 
coumai·onc-indene r esins, having higher softening points 
than the styrene resins. 

(iv) Petrographic Analyses.-In connexion with the 
carbonization and coal preparation in,estigation sum
marized above, petrographic analyses of several seam3 
and of coal blends have been carried out by counting 
or measuring (or both) the seveml coal components 
nnder t-he microscope with the help of an integrating 
stuge. In coal from one scam, the average ash content 
of which was over 18 per cent., it was found that 40 
pel' cent. of the coal in the fraction less than n incl1 
had a specific gra,-ity of 1.3 and yielded 2.2 per cent. of 
osh on iucinerntion. The fraction, consisting mainly of 
v itrain, had excep tional coking properties. A consider
a hie portion of the Section's resources is concerned 
with investigating how these enrichments, already 
present to some degree in coal as mined, may be 
increased artificially by making use of the different 
degrees of hardness, brittleness, and fracture exhibited 
by t he various coal macerals. The blending and car• 
lionizing for the production of metallurgical coke of 
the fractions of coal components thus concentrated con
stitutes a major item in the Section's current pro
g ramme. 

( c) Wasl?ability Studies.- In connexion with the 
carboniza tion work sumnrn.rized 11bovc the washe.bility 
~hara~teristics of the Bulli and W ong~willi seams wer~ 
mYest1gated. T he samples were drawn from Coal Cliff 
Colliery and Port Kembla No. 2n Colliery respectively. 

With tbe Bulli seam from this locality it was fonnd 
that coal laL"ger than ¼ inch contained about 14 p er 
ernt. of total ash, of whirh 8 per cent. is not remorn!>le 
by mechanical cleaning processes. Coal less than ¼ inch 
had a total ash content of 11 per cent. T he +-¼-in. 
coal could be reduced from 14 to IO per cent. ash content 
by separation at a specific gravity of 1.5, with a 
l'Ccovcry of 90 per cont. of the raw material ns clean 
coal an<l n reject containing 50 per cent. ash. Within 
the specific gravity range of 1.5-1. 7 there is only 
about 4 per ,cent. of the total raw coal so that cleanin" 
co_uk~ eas_ily be accomplished at op~rating gravitie~ 
w1thm this range. 

. The sampl~ of Wongawilli seam p resented a yery 
difficult ?leanrn~ problem. The speci:fic gravity of the 
scam phes varied from 1.36 to 2.44, a11d whilst the 
very fine coal (minus 30 B.S. mesh), amounting to 
17.5 per cent. of the output, had an ash content of 10.1 
per cent., the run-of-mine coal had an ash content of 
26.8 per cent., only 62 per cent. of which could be 
separated at an opera.ting gravity of 1.6 to give a. 
cleaned conl product of 15.5 per cent. ash content. 

Al!lllysis of an investigation of the rejects from n 
~r~dford breaker. indicated that this form of pre
Junmnry preparation was not suitable for coal from the 
W ongawilli seam. 

5. MrcaosrnucTURE OF BnowN CoAL. 
(P ollen R eseaTch Unit.) 

The work of the Pollen Research Unit at the Botany 
School, University of Melbourne bas been largely con
cerned with the pollen and phytoplankton content of 
Cretaceous and Tertiary salt-water deposits in Victoria 
South Australia, Western Australia, New South Wales; 
and Papua. A.~ a result, twenty fossil pollen types 
ha ve been described and their distribution has been 
not?d· . Fu_rthermore, the first comprehensive account 
of fossil m1croplaukton, other than foraminifera from 
the_s0!1tbern hemisphere is now in course of publi,~ation. 
T lus mcludes records of 25 genera of which four are 
11ew, and 75 species1 of which 46 a~·e new. The latter 
work was mnde poss1bk by the generous collaboration of 
Profossor G. Deflanclre of Paris. 

These _two Jines of research luwe ma<le it possible 
to ~stabhs~ the occurrence of Eocene and cretaceous 
sediments rn the deeper levels of tl1e Nelson Bore 

' 
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Victoria-where they were not previously recognized
and have afforded a means of correlation of these sedi
ments with those of the Pebble Point-Moonlight Hon<l 
succession. 

A study of the pollen grains of living Australasian 
members of the family Myrtaceae hos been completed, 
And the pollen _grains of the New G uine.a an~ New 
Caledonian species Nothofagus have been mvestigatcd. 

A report on dcposi ts in the :Murray River basin is in 
the hands of the Director, South Australian Depart
ment of mines, for subsequent publication. 

6. UTrr,IZA'l'IO)( OI' Low-RANK CoAL, 

(Division of Industrial Chcmisti·y.) 

(a) Press1ire Gasification.-1'be primary objec~ of 
this project is the im,estigation of the chemical rcactiol!s 
by which methane is synthesized when brown coal 1s 
subjected to pressure gasification. At present th~ nature 
and mechanism of these importan t gas-eunchment 
reactions arc only imperfectly understood, and it is 
expected that the results of this research will not only 
give a more complete knowledge of tho theory of t~c 
established Lnrgi pressure ga~iiication pro:-ess, ?ut will 
define the Jines along which improved gas1ficat1on pro
cesses could be developed. 

The experiments plllnned have been designed to deter
mine individually the contribntions made to meth_ane 
synthesis by coal hydrogenation, ca~bon ~ydrogcnation, 
and hydrogenation of carbon mon?x1d_e, either catalysed 
or uncatalysed, and to sturly the k1~ietic fcatur~s of ea_ch 
set of 1·eactions. 1'he rather complicated 1·eact1on eqmp• 
meut and auxiliary plant required for this project have 
hr.en complC'ted and experimental work has commenced. 

(b) Pmidamental Shtdics Relate~ t~ the Gusifico,
Non of Ooal.-Fundamental work is 1:1 pwgrcsg ?n 
other chemical i•eactions and the phys~cal propertie.s 
of brown coal and brown coal chnrs which arc 1mpor• 
tant to coal gasification. . . 

An inrestigation of the effect of 111gb steam pa1·t1a1 
p ressures (up to 50 atmospheres) on tl1e rote of the, 
steam-carl1on reaction is making steady progress. A 
knowle<lge of the kinetic feature~ of this reaction at 
superntmospherio pressures i:; important to futnrc 
development!! in ,:y11thesis gas pl'(iduction. ns well as to 
gas production from brown coal. Pr_c~1ous work on 
this reaction under comparable cond1tions has been 
restricted by the difficulties of the ~xperimental te~h
niques required. Results so for obtamed show promise 
that many of the;;e problems have been soh-ed. B y 
carf'ful preparation of the ash-free carbon snm_pl ~s 
used it has been possible almost completely to olrn:l· 
nate the interference of the secondary water-gas shift 
reaction, thns isolating the primary steam-carbon 
reaction for direct study. 

In continuing invcstil{a tions of the physical struc
ture of brown coal and char samples, rnnch o( the 
effort has been directed to tho <levolopme11t of a high
pressure mercury penetration _apparatus, desi1wed. to 
determine the nature of the m1cronore structures with 
effective diameters as small ns 40-60 A. It is suspected 
that a fairly large proportion of the total internal 
surface area of char samples detarminecl by nitrogen 
adsorption is contributed by tl1c~e mir.roporcs. A 
knowledge of the overall distribntion of pore sizes is 
necessn ry to enable an estimation to be made of the 
proportion of internal carbon sul'facc efforti\"ely avail
able to gaseous reactants, and thus to assist the inter• 
protation of kinetic reaction data. 

'rhe mercury penetration porosimcter initially- con
structed was designed for a working pressure of 
30,000 lb./in.2• It was snbscqucntly found thnt it 
wus desirable to increase tl1e maximum p1·es~ure attnin
able to 40,000 lb./in.2, which is substantially hi~her 
than has been achieved in similar npparntns elsewhel'e. 
This involved changes in the means for applying 

pressure to the system, and the development of o. new 
method of measuring the volume of mercury which 
pt'netratas into the sample. These problems have no,v 
been sol vecl satisfactorily. 

(c) A.nalylical Invest,ig~tions.-The complete analy
sis of rras samples to a high degree of accuracy con
sumes ~ considerable proportion of the time and effort 
expended on many of the projects concerned with 
bt'own tloal gnsific9:tion. It b_as thcl'cforc b~en ne~es• 
sary to gi,·e attention t? possible mea!ls of nnprovmg 
and increasing the rap1d1ty of established gas analy• 
sis methods, and to the examination of new principles 
in gas analysis. The partial mechnnization of the 
Bone and Whealer apparatus has eliminated much of 
tJ1c time-consuming drudgery of this method wi_tl!~ut 
Joss of nrcuracy. A thorough study of the capabilities 
of the Gooderham soap-film apparatus has been made, 
and an irnprovacl model of this appnratus using solid 
nbsorhents has been constructed. A new method of gas 
ana lysi~ annlying the p1·inciple of gas chromatography 
to separate tho p:as mixture in to its constituents, with 
separate estimation of each fraction by a thermal con· 
dnct,ivity detection cell, is no,v being investigated, 

An in vcstiga tion bas been made of the recently 
dC\·cloped Spooner method for the direct determina· 
tion of oxygen in coals. Although originally developed 
for the analysis of low-oxy~en bituminouR coals. it 
has been shown that this method is applicable, within 
cert11in limitations, to brown coals containinp;, on the 
nvcrnge. 25 per cont. oxygen. The results of the ana~y-
11is b:v this method of brown coals from all the ma1or 
de-posits in Victorin ha,,e shown tlrnt appreciable 
e1-ro1·s may he involved in tl1e e.~timation of oxygen 
content hy <liffel'ence, the method normally employed. 

A study has also been made of the changes wl1ich 
occ•m· in brown coal mineral matter during ashing, 
with the aim of de,eloping an impro~ed formula for 
tlic rom·e1·sion of ultimate analyses of brown coal 
samnles to tl1e pure coal basis. It is believed that 
siirnineant advnnrrs have been made in this respect. 
B,v usinJ! statisticnl metliods anplied to n. large number 
of l'reorclrcl total nirnlyses of brown coal sampleci from 
all the mojor and many of the minor -fields in Victoria, 
it lrns been shown that the pure coal substance in each 
cn.se is ver:v similar, except in so far as organic sulP'bur 
may replace oxygen. 

(rl) Fl11'inization 81w1ies. - ln continunnce of 
invrsti!!atil)TIS of possible methods by which the results 
of flni,fo.:ation tests c:nried out with air nt atmospheri.c 
temprraturo and pre~suro as tl10 fluiclizing mP.rlium 
may be extrnnolated to predict the physieal nerform· 
an<'e of fluidi7.ed Led rcadors operated under very 
differC'nt conditio11S, a study has been comme11ced of 
the inflncncc of gas viscosity on iluidization 
chnrarteristics. 

Furtl1er work has also been done on the develop
ment of an instrnment for determininp; fluidizatiou 
qnalit.v in a fluidized bed reactor operated nt high 
tempa1·11ture. 

A theoretical study, supported by con11irlerable 
e:-.'1)1'rimental work, has been made of tl10 stabilit.y and 
ontim11m performance of multi-jot gas distributors for 
fluid bed reactors. 

1. SoLA!t w ,,TER HEAnNo. 

(Central E:xperimento.l Workshops.) 
Further work b11s been cnrrierl ont on the develop

ment of -flat-plate solar absorbers, anrl p1·ototvpes of 
a dei<ii:m considererl suitable for domestic water-brlltlng 
opplicntions have heen constructed and tested. WMle 
most of the test data obtaint'<l have related to condi
tions in Melbourne, one unit has been in ser vire at 
Merhein for over twelve montl1s, and six other!\ are 
being in Rt a lied in various locations bet,veen Brisbane 
and A<lolaide where their pel'formance can be recorded. 
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~quiprn~nt is also being supplied for other permanent 
mstallations, including one at Kathei·ine in the 
Northern Territory. 

The capital cost of a solar domestic water heater is 
considerably higher tha11 that of a comparable electri
cal heater, mainly owing to the expense of the absorber 
itself. The design of the latter has now been simpli
fied in some respects to facilitate manufacture, aud it 
is possible that further substantial savings can be 
rondo in this direction. 

I 

XXI. PHYSICAL METALLURGY. 
1. GENERAL, 

A. programme of research on specialized projects in 
the fi eld of metallurgy is unclertakcn at the Section 
of Physical Metallurgy established in the Research 
School of Metallurgy at the University of Melbourne 
under Professor J. N. Grcemvood. This work is 
described below. Work on metal physics is in progress 
within the Division of Tribophysics (see Clrnpter 
XXII.). The work of the Division of Industrial 
Chemistry on foundry sands is reported in Chapter 
XVIII., Srction 4. 

Section of Ph.71sical Jlfetall11,1·_qy.-Tbe main investi
gations described in the previous Annual Report have 
been continued, although some of the work on tl1e 
oxidation of titanium bas been discontinued with the 
resignation of Dr. A. E. Jen kins, who has taken up 
a post as Senior Lecturer in Process Metallurgy at the 
New South Wales Universit.y of Technology. 

Dr. H. W. Worner has been seconded to the Mines 
Department of Canada anrl is working on the metal
lurgy of titanium. 

:Mem bcrs of the Section have assisted in the super
vision of post-graduate students, and Cl._ numlier of 
inquiries on metallurgical problems from industry have 
been answered. 

2. TIT,\NlUl\[ AND ITS ALLOYS. 

(Section of Physical Metallurgy.) 
(a) Alloys.-Tl1e investigation of the strength at 

high tem11eratures of titaninm alloys has been extended 
to the study of complex solid solutions in the a-form 
( e.£!'., titanium-aluminium-oxyg;en) and also of the 
effect of a second phase, such as titanium carbide. 
The complex alloys show 110 significant impro,,emen.t 
in tensile properties nt 600° 0. over the best of the 
simple a-alloys ( e.g., titanium-aluminimn ). Alloys 
consisting of ,a-titanium retained by suitable additions 
have also hecn tested. It is hoped to correlate these 
results with those from creep tests now in progress, 
in which creep is developed by bending. 

The beliaviour of the titanium alloys nt tempera
tures up to 600° 0. suggested that strain ageing was 
taking place, and this and other effects are being 
investigated by a study of internal friction of titanium 
and its nlloys. 

(b) Read-ions wifh Oxyr,,en.- The effect of a nnmber 
of selerted alloy additions on tl1e resistance. of titanium 
to oxidation bas been st11died at temperatures up to 
000° C. Up to 850° 0. all the alloys sl1owed n marked 
increase in the rn.te of oxidation. At 900° C. tungsten 
and aluminium retarded the oxidntion, whereai the 
other additions (zirconium, iron. and tin- particularly 
the latter) cause a very marked increase. 

The oxide scales formed on the above titanium alloys 
nt temperatures up to 1,000° 0. are being analysed 
to study the diffusion rate in the oxide of the added 
elements in relation to that of titanium. 

3. DEFORMATION. 

(Section of Physical Metallurgy.) 
The study of the creep of lead and its alloys ]ins 

been continued. Particular attention lrns been directed 
to the recrystallization of pure lend during c1·eep. The 

influence and interdependence of faotors such as 
impurities, grain size, previous strain, and boundary 
migration have been studied and more detailed pictures 
of the mechanisms of recrystallization and creep defor
mation are being obtained. 

Experiments have been made using fractured creep 
specimens of lead-thallium alloys as the starting 
mate1·ial for new creep tests; the mode of deforma
tion of this material reveals an unexpected absence 
of slip and other changes within grains and may help 
interpret the mechanism of tertiary creep. 

Titanium and some of its alloys have been deformed 
at constant rates of strain (1 or 10 per cent. per hour) 
at temperatures up to 700° 0. in a vacuum of 10-6 mm. 
Hg. The changes of microstructure liave been studied 
hy using X-rays and the optical microscope. There 
is very little twinning at room temperature, and none 
at high temperature; slip becomes less evident and 
chan/!:es character, and a substructure appears at bigh 
temperatnres. In general, titanium shows changes 
intermediate between aluminium and zinc, as might be 
expected from the crystal structures. The effects of 
oxy1;en have been investigated, with the oxygen as the 
alloying addition and in surface layers of oxide or 
alloy. 

XXII. TRIBOPHY1SIOS. 
1. GENERAL. 

The Division of T ribopl1ysics has developed from 
the former Lubricants and Bearings Section established 
duri11g t11e war to assure Australian engineering indus
try of essential information in the manufacture of 
bearings for aero and other engines. The original 
investigations have been continued and extended to 
include fundamental studies in metal physics, the snr
face physics and chemistry of solids, and r eaction 
ki11etics. Major advances have been made in the 
knowledge of distortions in metals produced by plastic 
deformation, of phase cbnnp:es in metals, and of the 
mechanism of oxidation reactions. 

Division of Tribophysics.-Tbe work of the Division 
has been continued along the general lines described in 
the last Annual Report. 

As in previous years, tbe Division lrns co-operated 
witl1 the Ohem ist1·y, Metallurgy, Mi11ing, Phvsics, and 
Enginee1·ing Departments of the Melbo11rne Ui1iversity 
and is inrlebtecl to these Departments for the use of 
many facilities. 

Advice and assistance have been given frerp1entl.v 
to numerous industrial firms, government organiz~
tions, departments of various universities, anrl other 
Divisions of the Organization. The range of subjects 
-luhl'ication, bearings nnd bearin,g metals, wear, 
metals technology, electrolytic polishing, electronics, 
and snrface chemistry-illmtrHtes the wav in wl1ieh 
the funilamental investi~ations of the Division are 
relateil to practical applirations. The volume of these 
i11quiries has approximately doubled during the preseut 
year. • 

Oflice1·s of the Division ]1avc continued to act on 
various committees, in particular, the C.S.I.R.0.
Dcpartment of Supply Engineering Group Committee, 
and lubrication committees of the Department of 
Supply. They also took an active part in organizing a 
symposium on surface 0J1cmistry in Melbourne. T11e 
mctall11rgical colloquia held with other metallurgical 
groups continue to be an important medium for the 
exchange of specialized knowledge. 

The Chief was a delegate to the meetings of the Inter
national Union of Pure and Applied Physics in London 
and tho International Union of Crystallo~raphy in 
Paris in July, 1954. · "' 
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2. PnoPER1'IEs OI>' SuRFACEB. 

(Di vision of Tribophysics.) 
Apart from investigations on some practical aspects 

of friction and lubrication, the work on the physics 
nnd chemistry of solid surfaces is concerned mainly 
11·ith tl1e topography of surfaces of metal crystals and 
wit.h the behaYiour of molecules adso1·bed on solids. 

(a) Bearing 'l'esling.-The reconstrncted apparatus 
has proved to be satisfactory and experiments have 
been made on the eff Pct of the surface fi11ish of th.1 
journal, the diametr\cal clearance, and t-hc geometric 
accurncy of the bcarmg assembly, on the performance 
of the be:u·ing during running in and its ultimate 
performance. 
. It is found that, provide_d the whole bearing assembly rn 1~1anufactul'Cd and aligned extremely accurntely, 
bearmgs of very ~mall cl_earance run in most rapidly 
and to ~ very lBgh ultimate perfor mance. A very 
:mooth Journal appears to favour this rapid running 
lll, 

(b) Desorz;lion fro·,n Sol-id Siirfaces.-The radio
acti,·e trace!' technique, which was deYeloped to study 
surface_ migration, has been used to investigate tlie 
desorpt1011 of monomolecular layers of stearic acid and 
some of its soaps. Autoradiographs show that on 
unreactive surfaces, such as platinum and quartz glass 
the acid is weakly adsorbed and almost complet~ 
e,·aporation readily occurs in air at temperatures just 
abo,·e the melting point of stearic acid. Layers of 
copper or calcium soaps, either deposited as such or 
formed ·in sifo., are much more stable, and desorb 
appreciably only at much higher temperatures. Rot 
benzene removes any physically adsorbed molecules 
either acid or soap, but some molecules which ar~ 
cliemica lly bonded to the sul'face are able to resist 
di_ssolution. Tbere i_s also evidence that the p1·esence 
of water vapou1· assists thermal desorption. 

( c) M onomolec1dar Layers on Water Surf aces.
Measure men ts on stearic acid monolayers 011 vory pure 
water liarn demonstrated clearly that the o-enerally 
accepted behaviour of the monolayers on alkaline sub
strates, previously ascribed to ionization of the ear
boxyl group of the acid, is in fact caused by a reaction 
between the monolayers and- impurities in the watt>r. 
On very pure water ionization of stearic acid has no 
large effect on the molecular packing in the mouo
lay~r . . Tl_1e t;·ue change in surface pot1m-tial caused 
by 1omzat10~ is about half the accepted value, i.e., the 
rnlue obtamed on solutions containing calcium. 
Correct values of these fundamentally important 
quantities have been published. 

(d) Catalysis and Topography.-As stated in last 
year 's R~p?rt, the ac~ivat~on energy of the catalytic 
decomposition of f?rmie _acid on silver crystal~ depends 
strongly on the onentati~n of the macroscop10ally flat 
surface. Such a surface 1s probably.made up of facets 
of different atomic arrangement, the. type of which 
changes with the orientation of the specimen and the 
trea.tment of tlie surface. 

~[easurements have . been carried out on crystals 
wl:1ch ~ave been polished, electrolytically, and for 
on011ta_t1ou_s where _one type of facet is predominant 
the. act1vat10n energies have been found to be similar to 
those measured on untreated surfaces. 
. ,Crystal fa~ets can _also. be_ produced by ther mal etch
rng, a tecluuque which rn itself shoul d not introduce 
contaminating surface films. As a preliminary to 
the use of such snrfaces for catalytic experiments a 
studr ~as been made of th~ facets exposed by different 
concht1ons of thermal etchmg on crystals of different 
orientations. On silver crystals heated in air to about 
000° C. the plane developed by etching is predomi.
llantly (111). However, if the specimen surface is 
withiu nbout 15° of the (100) plane then the etched 
surface is predominantly made up of (100) facets. 

The orientations of the crystals are determined from 
the measurements of the angles between three traces 
of. ( 111) pla~es reveale1 by t.herma1 etching or hy 
twm boundanes. A senes of graphs has been co11-
structed to facilitate the determination. 

3. METAL P HYSICS. 

(Di vision of Tribophysics.) 

'l~he aim of the work is to obtain a better under
standing of the plastic properties of metals and of the 
meclrnnism of phase changes. This kJiowled.,.e will 
make it possible to state the best condition~ of a 
material for use in practice and widen the range of 
materials available to industry. 

(a) Plastic Deformation.-The strength of metal.3 
and alloys depends on the type, number, and distribu
tion of imperfections ( dislocations, vacant lattice sites 
and interstitial atoms) in the metal crystals. Some of 
these imperfections are present in the undeformed 
metal, others are produced dlll'ing the deformation, 
and they affect the properties in rnrious ways. Their 
presence ?at1Ses a s~all proportion. of the energy 
expended m deformation to be stored m the metal and 
t.his energy is released when the metal is heated. Bv 
measuring the amount of energy stored and the manner 
of its release, and relating such measurements to thos<> 
of o_ther proper.ties, some details of the various impe:r
f~ctlons and the role they play in plastic deforme 
tton may be determined. 

To this end, measurements are made of the stored 
energy, using a highly sensitive calorimetric method 
o_f the electrici~l r~sist~vity, l~ardne_ss, macroscopic den~ 
s~ty, and the d1stnbut1011 of mtens1ty in X-ray diffrac
tion patterns from deformed meta ls. A differental 
method has been devdoped to allow the small 
changes in density of a deformed specimen, at var ious 
stages of the annealing process, to be followed. The 
change in shape of the X -ray diffraction lines is 
?et~rmined br means o_f a G:eiger counter spectrometer. 
_fh1s change m shape 1s mamly clue to internal strains 
n_1 the ~!·ystal.s and a reduction in the effective crystal 
s~ze. . I'hese t:vo phcno~011a can he separated by 
:E ourier analysis of the lrne shape. In the measure
ment o.f the integrated intensity of a line errors arise 
from the statistical fluetua,tious in the co~nts. It has 
been sho:vn t.heoreti~ally that, for a given tota 1 time 
of eountlllg, there 1s an optimum time of countin.,. 
at ~ach part of the line and also that thern is a~ 
optimum stopping point in the tails of the line so that 
t~e s_tandar~ .error in the measmed integrnted inten
sity 1s a mm1mum. 

Experiments described in last year's Report have 
show:i tha~ at least three mechanisms may operate in 
the hberat10n of stored energy during tbe heating of 
a defo:med metal. These a,re the disappearance of 
vaeancrns, "recovery" involvino- the rearran,,.ement 
an4 am!ihilatiou of. dislocations, 

0 

and recrystall~a tion, 
wh1cl~ _is accompamed by the disappearance of the 
remauung ex_cess ?f dislocation due to deformation. 
The manner m which the energy associated with these 
t?ree processes varies with the amount of deforma
tion has been studied for nickel, arsenical copper, anrl 
J~ure copper. The ra~e of r elease of energy as a func
~wn _of temperature m the range of recrystallization 
1s be11~g a~alysed mathematically in order to determine 
the k111et1es of the process by whic'h the energy is 
released. "' 

(i) Nickel Defonned in Tors·ion.-All three pro
cesses are observed. The total stored enern-y 1"11ci·ea r ·l . l h b, . . ses 
1neai y _wit 1 t e_ amount ?f deformation and a similar 

type of rncrease 1s found m the energy associated with 
~l\ch of the three processes. The sl ope of the curve 
1s small for the vacancy process, greater for recovery 
and greatest for recrystallizo.tion. ' 
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(ii) Niclcel Deformed in Filing.-Some energy is 
released prior to recrystallization in a similar manner 
!o tl1e solid soccimens, but proportionally more energy 
1s released by recrystallization. This takes place over 
a muc·h wider temperature range. The total eucr~y 
per unit volume is se\1er11l t imes that for n solid 
specimen deformed to fracture. 

Tho X~·ay analysis of the line ~ha.po indicate~ that 
the particle size is smnU nnd remains practically 
unchanged during the release of energy prior to 
recrystallization. On annealing at higher tempera
tures the particle size increasc-s and continues to do st1 

m·cn after all the energy has been released. 
The internal st1·ains calcnlatcd for the :fi1ings vnry 

in a similar manner to the stored energy. 
(iii) Arsenical Co7Jper Deformed in Torsion.-Ouly 

two p1 ocesscs, reco\'ery nnd rccrystn lliza tion, arc 
obscn·cd. The variation in the energy associated with 
e>n ch of these processes with deformat.ion is similn-r to 
that obtained for these processes in nickel. 

(h-) P11re Copper Deformed in 'l'orsion anrl Com
pression.-The process of recrystallir.ation is respon
sible for almost the whole of the 1·clr.ase of stored 
energy. It had previ011sly been shown that the stored 
enorgy increased linearly with the amount of deforma
tion in torsion, nnd ,the same result has now been 
obtained for deformation in compression. 

(v) Pure Copper Deformed in Alternating 'l'ension 
and Cornpression (Patigue).-Rceent resul ts of other 
im·cstigators hnd suggested that not only W!lS no 
energy stored during fatigue but that the energy 
content of n metal after fatigue was e\·en lower than 
that of the annealed metal, i.e., tho fatigued metal 
abso1 bed ene1·gy on annealing. This was contr!lry to 
accepted views on the nature of fatigue. H owcrcr , 
our work has shown that a measurable- quantity of 
enCl'J!'Y is stored during fatigue, althou~h the manner 
in which it is rcleAsed duriuA heating differs from that 
for other types of deformation. 

(b) Phase Changes.-Thc hardening of steels and 
light alloys during heat treatment is due to tho 
occunence of various t ypes of phase changes; the 
rnechnnisms of these phase chan11:es are 'being studied. 

I n continuation of the theoretical work unclet'l:aken 
last year , extcnsh-e numerical calculations ha'°e been 
made of the predicted habit plane for transformations 
from the body-centred cu'bic to the hexagonal close
packed structure, such as occurs in t itanium and in 
certain copper-aluminium alloys. An examination of 
the experime11tal resul ts recorded in the litornture 
suggests strongly that this transformation mn_y take 
place in more than one wa_y ( e.g., in certain titanium 
o.lloys); the theory should be capable of dealing with 
this variation. 

The theory allows for the possibility that a trans
formation from, sny, the face-centred cubic to the 
body-centred tetragonal structure, ns in the austcnite
rnnrtensite_ transformation in iron and its alloys, may 
have a ddfcrcnt geometry ( orientn tion relationship 
and habit plane) from the transformation in the 
reverse direction. Overseas experimental work has 
confirmed the existence of a differing mode of reverse 
transformation. · 

An experimental investigation of tbe precipatation 
in the super-saturated, a-solid sol ution of copper
beryllium alloys has n ow been completed. The appli
cation of the general theory to the new data leads to 
a satisfactory explanation of the o1scrved irrational 
ha bit plane and of tlie orientation relationship. The 
good agreement between theory and experiment indi
cates t,hat, at least in the initial "coherent" stage of 
transformation, the so-called diffnsionless ( or ma1·
tcnsitic) and the diffusion controlled ( or nucleation 
and growth) t ransformation11 occur by a similar 
mechanism. 

A11 essential step in the study of diffusionless trans
forlllations is the observation of relief effects on 
polished sUl'faces. I n certain cases, e.g., with cobalt, 
it. is necessary to observe these effects at elevated tem
porntures. For this purpose, a 11ovcl microscope hot 
stage has been developed in which electron bombard
ment is used to beat the specimen. This method of 
heating has also been used for growing single crystals 
and for special beat treatments. 

4. REACTION KmEncs. 
(Dh-ision of Tribopbysics.) 

The reaction kinetics work which is now co11cluded 
arose out of war-time i nvestigations of the detona
tion of explosives. These revealed that much was still 
unknown concerning the fundamental chemistry of 
combustion, and in 104:9 a programme of work was 
begun on the mechanism of slow oxidation of organic 
compounds. Since oxidation is responsible for the 
deterioration of lubricating oils and numerous other 
industrial nnd ngricultural products, for the drying 
of paints, and for the incidence of "knock" in the 
internal com bus ti on engine, it is of considerable prac
tical as well ns tbeoreticnl importance. 

In addition since, in common with other chemical 
reactions, oxidation follows on interaction bet1reen 
colliding molecules, an investigation of the thermal 
conductivities of organic compounds in the vapour 
state was initiated as a means of studying molecular 
collisions under less ext1·emc conditions. This work 
wns concerned with the variation of the conducth-ity 
with presslll'e and temperatme. I t was shown tha't 
the effect of pressure is proportional to its effect on 
the specific heat _of the vapour. The variation with 
temperature provided information on the mode of 
exchange of the rotational and vibrational energies of 
the molecules with their translational energy during 
collision. Tho mutual interaction ·was found to be 
strongly influenced by the polarity of the molecules but 
the factors involved aro now well enough understood 
to explain the behaviour of like and unlike molecules 
on collision. 

Oxidation a t ordinary temperatures takes pince by 
a chain reaction leading to the for1Dation of peroxides 
which subsequently decompose. The- mechanism of 
formation of the peroxides from compounds of a certain 
type ( ol efincs) is well understood. fovestigation 
sliowed that the oxidation of aldehydes, compounds 
which occur as intermediate products of oxidation at 
higher temperatures, occm·s in fundamentally the same 
way. Certain abnormal features which obscure the 
similarit.v were traced to the concomitant formation of 
an inhibitor. The decomposit ion of the peroxides pro
duces free radicals which initiate further oxidation; 
but the rate of decomposition of n peroxide in isola
tion is not a measure of the initiation rate in an oxi
dation system, for in isolation the decomposition itself 
becomes a chain reaction. However, it was shown 
that this can be suppressed to tqe primary rate of 
radical production by the addition of an inhibitor 
( anti-oxidant) of the appropriate type. When phenols 
( a common tY})e of nu ti-oxidant) m·e used, however, 
the limiting rate is not observed because of a hither to 
unsuspected direct interaction between the phenol and 
tbe peroxide. 

In gaseous oxidations at higher temperatures the 
mechanism becomes more complicated. Allalytico.l an<l 
kinrtic investigations with selected hydrocarbons 
showed that the reaction takes place in two surc-cssive 
sta~cs, a different mechanism operating in each. In 
the first stage the development of the reaction is 
controlled by the accumulation of active intermediates 
in the gas phase •. and by processes occurring at the 
walls of the reaction vessel. The active in termediates 
may be accelerators ( e.g., higher aldehydes) or 
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inhibitors ( e.g. formaldebydo ), some variation occur
ring from one compound to another. I n the second 
stage, reactions in the gas phase predominate. The 
initial condition of the surface of the vessel is thought 
to influence the reaction through its effect on the 
production of' inhibitors and the consumption of 
reagents during the first stage; changes in the surface 
brought about during the reactions have little effeet 
on its subsequent course. Contrary to a widely held 
view, the development of the reaction in the cases 
studied does not depend upon the accumulation of 
peroxides, and it seems probable that this is true of 
the oxidation of gaseous bydroca1·bons in general. 

XXIII. NATION AL STANDARDS 
LABORATORY. 

The statutory functions under the Weights a.nd 
MeaS1tres (National S tandards) Act 1948 of maintain
ing the Commonwealth standnr<ls of measurement are 
carried out at the National St~ndards Laboratory by 
the Divisions of Metrology, Physics, and Electro
technology. 

Tl1e work of the L11boratory in regard to ~tandar<ls is 
closely related to that of other nntional stannards 
laboratories and to tlrnt of the International J3urenu 
of Weia:hts and Measures. 

At tl;e Tentl1 General Confp1•ence of the International 
Committee of Wei!:!;hts and Measures, l1eld in Paris in 
October, 1954, important resolntions were pa~sed con
cerning the basic standards of measnrement. :Mr. N. A. 
Esserman, Chief of the Division of Mctrology, attended 
this meeting as Austmlian Delegate. Sixty-five coun
tries were rcpre~ented at this Conference. which meets 
at intervals of about six years. Mr. Esscrman was 
elPctPcl a mem her of tLe International Committee of 
Wefo:hts and Measures. 

The riue~tion of replncing- tl1e :n·bitrary international 
met1·e b:v the wnvelength of the lid1t emitted 11.v some 
suitable i•otopP l1as been 1m(ler con~i<lerntion for a long 
time. Tl1e Tenth General Conf Prfm<>e r eqnestr>d 
stnnrlal'(h laborntories to p11rs1ie as n<>tivPly as po•sihle 
thPir stnrlies of monorhrom11tic rflflfation so tlrnt a 
definite rlPri~ion on. this question may be made at tlrn 
ne"t. confnenee. 

The the1·morlvm1mic S<'alc. of trmnerntnre was 
rPrlPfinr rl nt. the. Conf Pnmre i11 terms of the temnerntnre 
of the triplP noint of watrr. a tempcratnrE> rlo1;e to tlrnt 
of tlie mPlting poi11t. of ice but 0110 wl1irl1 cnn be 
mea~m·erl with ron~irlrrnhl:v more rertnintv. The Cnn
ferpncP. <lefinPrl t.11<> temnP;·at11J"e of tlie t1•inle noint of 
wnter ns 27::l.16° K. This me11ns in pfrrrt. thn t. tl1e 
the1·morlvnnmi c temnrrnt11re srnlt> is rl rlinPrl hv the 
temprrnt11re of a sine-le fixrd noint in~t.£>11d of hv tl1e 
temnr>rntnrr interval hPtween the melting point of ice 
anrl the hnilimr point of wnter. 

The International CommittPe of Wrirrlits and 
M Pasm·rs is eonre1•nPrl on lv wit.11 thP. mrtrir sv~trm. 
The nrohlrm of 11chirYi11ir 1inif,wmitv in tl1r rlr,;nitinn 
of the basic nnits of the imperial svo:t rm of wri irl1 t~ 11nd 
mensm·P~. which is in !!'enrn11 we· in the B1·iti~l1 Com
monwPalth 11.n<l tlrn United Stntrs nf Amrricn. lias for 
lonir bren unrler di~cussion. Crn~irlrrn hle nrorrre~s in 
re!!nrrl to Mreement a~ to hnsic (lrfinition~ of tl1e pound. 
anrl t.J,e yal'fl WllR marlP. nt. n. confcrrnre bPt~·rrn rrmre
sentnth'e~ of the TTnitNl Kinrrrl o111 and tl,e Un;trrl Stl'ltrs 
of Amerka at WnshinP-tnn in NovPn1hPr. J!l!\4. The 
Chief of the T'id~ion of Mctr olog:y. 1\fr. Esserman, was 
pre~ent at these cfocu$sions as an observer. 

.Srientific and indu~t1·inl resef!rch is c011tinnallv 
reouirins;- A'l"Pllter prPri~ion in the mPa~11rr>mP11t of 
physi,,al qunntit.ic~. Tl1e rn::iintPnanre of Rt1:rnrln 1·rls i~, 
tl1erefore, a rontinnnllv exp111irl ing- funrt;on rnllin!!' fnr 
rP.~Pn1·rh nn<l for nreci~ion ro11ipment. All the Divi~ion.~ 
of t'he National St.nnd1nrls L::iborntory are expp1•ienr-in"" 
the need for additional laboratory space for thes~ 
purposes, 

Details of tl1e test and calibration facilities of tne 
Laboratory have been described in a series of six 
pamphlets dealing with the following fields :-1. Heat, 
hygrometry, anc~ _viscometry; 2 .. Optics and photo
metry; 3. Electnc1ty and mag11etlsm ; 4. Encrineerin" 
mctrology; 5. Materials testing machines and ~echani
cal instruments; 6. Physical instruments. 

Details of the work of the Divisions of :Metrology, 
Physics, and Electrotechnology are given in Chapters 
X.XIV., XXV., and XXVI. respectively. 

XXIV. METROLOGY. 
1. GENEltAL. 

Among the basic factors in modern engineering pro
duction are uniformity of quality and perforrnnnce. 
Industry therefore requires to be able to make accurate 
measurements. Equipment used for this purpose must 
be regularly controlled, checked, and calibrated against 
appropriate working standards. These in tum require 
periodical calibration in terms of the national stnndardo, 
cer tain of which are maintained by the Division of 
Metrology. : 

Divisi,on of .Metrology.-The Division is responsible 
for the Commonwealth Standards of measurement of 
length, mass, time interval, and associated physical 
quantities. 

Tbe main effort of the Division is c1irected to the 
statutory and industrial requirements in respect to 
national standards, but tl1e Division also actively 
engages in research on precision measurements and 
applied mechanics. 

A Metrology Exhibit.ion was held at the Division 
in August, 1954. The exhibition was part of the 
Division's policy of bringing the la test scientific and 
tech nical developments to the attention of industrial 
and other people. On-the-spot advire was given and 
the exbibition also served to show the facilities available 
to the industry. On belrnlf of the Standards Association 
of A ustrnlia, an officer of the Division represented A us
tralia at tbe American, British, and Canadian Con
ferellre on tl1P Unification of Engineerin" Standards 
held in New York. "' ' 

During- tlrn year tl1e Cl1ief of the Division made a 
visi~ overseas· to attPnd conferences dealing ,vith 
national stamlards and also to investi!!'ate rerent 
1·esP11rcl1 trernls at oversea~ Stanrlards Laboratories. 
During this visit be attended the Tentl1 Genernl Con
f<>rrnco of the Bnreirn In ternational des Poids et 
111! P_sures in Pari~. and also the meeting of the Pro
Vl!'lonal International Orgnnization for Lega.l Met
~~ : 

T'11J•in!!' tl1e .vrar lr>d111·es have. been given to technical 
anrl ~riPntifir> institutions. 

Mr. N .. J.C. Pere!' w11s anpointPd Technical Secretary 
of the Division in December, 1954-. 

2. LENOTH .urn Asflom,vn:n QnANTTTIES. 

(Division of Metroloey.) 
(r,) Sforirlm·rl8.-At t]1p 'T'rntl1 CTPnPTnl ronfrrE'nce of 

tl1!' B111·r>o11 T11tp1•nritinnril rJpq Poids Pt. Mei,11res it was 
!l!!l'Prrl tlrnt the definiHon of the meh'r> sl1nnlrl 11ot be 
clianrrPrl vpt, hnt tlrnt l'P~P11.r<>h ~l1011lrl r011ti1111e on 
i~ot,onir, lio-1,t i,onrrel'. so tl111t n rlrfinitP nrnno•al for tl1e 
arlnnti011 of tl1P wavrl<>rnrth of li!!'ht ns tllP 11ltimatr 11nit 
of lP11rrtl1 <>fin be m:vlr nt, the 11ext ronfrrrnre. This 
JnPRns t:i~t, tl1e nrorln<>tion 11nrl stnrlv of lirrl1t ~onrres, 
tl1r nroc1s1n11 nH'arnrrnwnt of w::n-r>lrnrrth~ anrl t],pir line 
wirlth•. nnd tl1p P•tnl,li~hment of linr and end ~tnnrlards 
hy di t'Prt i11 tr1·fr>rn-mntrv a re projects of increasin"' 
imnnrtn 11N' in tl1c Division. · "' 
. D11rin!!' tl1 P :VPnr. <>nn•irlrrahle nrO!!'rPs~ 1111• hrPn ma<le 
in rlPtr>rminine; 11 ll tl1P Divi.•ion's Pnrl stnnrl11rrl~ 111) to 
~n rl i11rl11rling 12 inrhrs in lrnrrth, hv intri·ferometry 
ll1 terms of_ wav;len,irtb ~tandards of isotopic sources. 
Where previous rnterferometric determinations carried 
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out by tlrn National Physical Laborntory, Eng1an~, 
were available, agreements of the order of one part lil 

five million were obtained. End bars have also been 
calibrated for the D epartment of Supply. 

(i) Jl!laintenance.-The r egular programme for the 
maintenance of the line and end standards of length 
held by the Division ha~ continued. Lapping i11vesti
gations into the fine surfaces required for end standards, 
slip gauges, and platens have continued. h..n electro
magnetic comparator, magnification X 30,000, has 
been equipped for the calibration of sets of slip gauge~. 

(ii ) International Galibration.-Ilemeasurnment was 
carried out on four end standards 25, 50, 75 and 100 
millimetres in length, returned from France after 
measurement at the B.I.P.M. in Paris. The measure
ments made in Paris agreed again with those n111dc 
in the Division to 0.01 micron, or hali a millionth of 
an inch. 

(iii) Uni,versal Line Standar{l Gom,parator.- '~bis 
was used in the calibration of scales and the determma
tion of the thermal coefficient of linear expansion of 
various scales and sample lengths of in var. tapes. 
Modifications to t he comparator have reduced vibration 
effects to negligible amounts. 

(iv) Geodetic Base.- Work cont.inned on tlie calibra
tion of the geodetic base, and t he full 50-m. interval was 
used to determine tliree 50-m. invar tapes. The 
accuracy of <letennination of these tapes was 3 parts 
in 10°. 

( v) Kiislers-N.S.L. Interferometer and Isotopic 
Light Sourcei;.-A study of cadmium, krypton, krypton 
86 isotope, and mercury isotope lamps bas been com
pleted with the Ki:isters-N.S.L. interferometer. End 
standards were measured up to 500 mm. in length, and 
the performance of the interferometer was fully tested 
for measurements in air and 1:n vacuo with continuous 
control of temperature to within 0.005° 0. 

(vi) Wavelength Data and Correction Tables for 
Lenglh Interferouietry.-Thcse tables mentioned in last 
year's Report have been modified slightly on the sugges
tion of overseas laboratories, so that the data arc cal
culated in terms of the standard water vapour pressure 
of 10 mm. of mercury. 

(vii) One-metre Interferometer.-This is now under 
construction. Tests with Fabry-Perot fringes in reflec
tion at a path di fforence of 400 mm., using high
frequency electrode less mercury l!lS lamps, have been 
completed. 

(viii) Multiple-beam Interference Comparator.
This comparator, which will be used in the calibration 

• of end standards, is now being assembled. 
( b) I nlerferometry bwestiga.t·ions. - Thin-film 

studies and investigations into surface finish and struc
ture and into other problems related to metrology have 
continued, usi11g interferometric techniques. 

( i) Liquid Surface Interferometry.-Further experi
mental work has been done on mercury surfaces, using 
special anti-vibration mountings. Using a metallized 
optical {fat over a mercury surface, it is possible to 
observe sharp multiple-beam fringes, the amplitude of 
vibration of which is a precise, relative measure of the 
vibration characteristics of the surface on wl1ich the 
mercury pool is mounted. A method of measuring 
the surface tension of liquids by interferometry has 
been developed. 

(ii) Multiple-beam I nter{ ci-ometrv.- Various sur
faces have been examined by the multiple-beam inter
ference microscope for surface qunl i ty and structure. 
.An investigation has been completed on the measure
ment of small vibratory displacemen ts by exnminatior, 
of the intensity pattern of overlapping multiple-beam 
fringes. It is possible to measure displacements of the 
order of six fringes (0.00006 inch) without the use of 
stroboscopic techniques. Such 11 method can be applied, 
for example, to the study of oscillating crystals. 

(iii) Effects of Collimation and Oblique Incidence 
in Lenglh lnterferometers.-A general analysis of the 
effect of oblique rays involved in the use of length 
interferometers of different types reveals that the widely 
accepted correction relationships are not valid in tlie 
general sense. Precise correction curves for these effects 
barn been prepared for different forms of diaphragm 
apertures used in interferometers. 

(iv) Adhesive Contact between Flat Surfaces.-The 
thin liquid film required to induce n strong adhesive 
contact between highly finished flat surfaces does not 
separate the surface effectively. There is a small con
tact between solid surfaces, and the degree of this 
contact iniluences the effects on length measurement. 
There is evidence that the contact error may be positive 
or negative but is not greater than 0.01 micron in 
magnitude if the adhesive contact is good. If measure
ments are required to a greater accuracy than this it is 
desirable to avoid the use of adhesive contact. 

(v) Deposition and 1lteasurement of Thin Films.
A wide variety of nrntal and dielectric films have been 
deposited by evaporation and sputtering methods for 
research projects in the Division and for other Divisions 
and Universities. Further experiments have heen done 
in preparing graticules by the double evaporation of 
aluminium and chromium. A photoelectric trans
mission comparator bas been completed for the measure
ment of the optical characteristics of thin films. 

(vi) Phase Loss Studies.-Experimental work is in 
progress on the evaluation of phase loss at reflection 
as a correction factor in length measurement by 
interferometry. 

(vii) Interference Microscopy.-Tbe multiple-beam 
interference microscope has been used in many prob
lems associated with surface fracture and thin £Im 
thickness, and a two-beam interference microscope 
having a maximum magnification of x760 has bne1i 
acquired for the study of surface finish. 

An inter ference mforoscopc incorporating both a 
:Michel~on two-beam system and a Fizeau multiple-beam 
system and using stock microscope parts has been 
designed in, the Division. 

( c) Engineering .M etrologv. - ( i) J,,J easuring and 
ConsuUat-ive Service.-.A particular item of interest 
was the determination of the alignments of two large 
steel strip rolling mills, one hot and one cold, the 
accuracies of measurement attained being 10 seconds 
of arc oYer 100 feet and 4 seconds of arc over 40 feet 
respectively. 

.Assistance was given in the measurement of noise in 
machinery and measurements of displacement on 11 

model of the Warragamba dam have been carried out. 
Items of equipment for test included sets of slip 

gauges, length bars, production and inspection gauges of 
all types, invar surveying staves and tapes, lathes, 
optical flats, tools, and measuring instruments. 

(ii) Periodic Errors in Machine Tools.- P rogress 
has been made in the development of electronic equip
ment for the measurement of periodic errors iu 
machine tools. Experimental equipment has Leen set 
up using electrical signals to simulate the machine 
under test. 

(iii) Gears a.nd Gear Hobbing Equipment.- A large 
gear wheel hobbing machine and double helicnl test 
gear were examined on behalf of the Department of 
Defence Production. A number of marine turbine 
gears were examin~d on behalf of the D epartment of 
tho Navy ar:d a ,,ar1et7 of ge~rs and gear cutting equip
ment exarnmed for mdust1:1al firms. _.A r~ew design 
of 11 portable transverse pitch measurmg mstrument 
for large gears has been made. 

(iv) Dividing Engines.-Numerous and varied linear 
and circular scales and optical graticules have been 
r uled on the engines, for experimental projects. 



(v) Phofogrammetry lAerial Surveying). - A 
general analysis of the problem of asymmetric di~tor
tion in aerial cameras has been made. and graplucal, 
analytical, and tabular methods of treating results 
have been evohecl t:o obtain distortion curves which are 
symmetrical at n specified angular zone even if the 
lens contains de-centred elements. 

3. :MASS AND AssOCIATED QTTANTITIES. 

(Division of Metrology.) 

(a) Standards of Mass.-Mas.s standards of nominal 
value not greater than one kilogram have been made 
from austenitic stainless steel. Some weights of 
nomiHal value greater than one kilogram ha,re been 
made from aluminiuru bronze. This material was 
chosen as an economic alternative to stainless steel 
for large weights, since it has good corrosion resistance 
and an ti-magnetic properties. 
. A full intercomparison of the r eference and work

in~ standards of mass held by the Division was not 
made during the year, but those comparisons which 
have been completed indicate that no significant 
changes have occurred in nny of the important 
standards. 

( b) Density M eas1tre-ment.-An additional pair of 
stnnda1·d plummets has been constructed for use in 
liquids of high density and a vessel of novel design 
has been made, incorporating its own circulating 
system which permits the use of the minimum volume 
of liquid in density and volume measurements. Further 
measmements have been made on the changes in 
density which occur when strained metal specimens 
are annealed at progressively increasing temperatures. 
(c) Baromefry and Pressnre .Measitrements.-Equip

wcut for the calibration of barometers over u wide 
rauge of pressures, 500 to 800 millimetres of mercury, 
has Leen constructed and put into operation. An 
electronic pressure controller is now being developed 
which is to control the pressure in the vessel to 0,01 
mm. and to extend the rauge down to 400 mm. The 
ressel is designed to holJ a standard barometer and the 
instrument under test. Illumination is provided by a 
single 40-watt, 36-in. fluorescent tube supported verti
eally at the rear of the vessel which illuminates two 
diffusing screens mounted one behind each instrument 
in the vessel. 

:Each barometer can be set and l'ead from outside 
the vessel. 

Equipment has been set up for the production of 
mercury of Yery high purity. The equipment com
prises units for the removal of base metals, volatile 
material, and grease, and also a vacuum distillation 
unit for the removal of noble metals. 

4. Tnrn lNTEitvALS. 

(Division of Metrology.) 
• \. novel method has been de,·elO'ped for measuring 

and analysing the geometric errors of a watch. The 
watch is mouu ted concentric with u disk which rotates 
nt the same speed as the sweep hand of the wutch, 
which is directly beneath a slit in the disk. The watch 
dial is photographed through the slit, the duration 
of the exposure being equal to the period of rotation 
of the hand, and a record is obtained of the stationary 
position of the hand corresponding to each graduation, 
thereby enabling the errol' in reading at each gradua
tion to he determined, and from the pattern of the 
errors it is frequently possible to specify their source. 

5. APPLIED MECHANICS. 

(Division of Metrology.) 

Information hns been given to the engineering 
industry in a wide range of problems relating to 
measurement of force, pressure torque, hardness, strain, 

vibration, friction, and a.ngular speed, nnd to design, 
balancing, limits aud fits, machining and surfaco 
finish, tolerances, and drawing practice. 

( n) Na chining Besearch.- Investigations have con
tinued into the Schlesinger Index for machinability. 
A new abrasion tester has been developed to replace 
the original, the performance of which was unsatis• 
factory because of excessive vihration in operation, and 
a new two-component force dynamometer, incorporat
ing strain gauges as measuring elements, has been 
designed with sufficient range to cover the materials 
to be investigated. 

:Methods for measuring the sharpness of cutting tools 
have been further investigated. 

Comparative tests between the performance of a 
patented circle-finish method of surface finishing and 
the well-known process of super.finishing have now 
been completed. 

The Division bas received a number of requests for 
assistance in machining problems. Following upon 
one such request from a manufacturer, an investiga
tion was conducted into the high-speed routing of 
aluminium alloys, which was being performed with 
single-fluted, carbide-tipped cutters at a cutting speed 
of approximately 3,000 feet per minute. The per
formance of the cutters was erratic; they often broke 
down rapidly on the cutting edge, failed by fatigue in 
the shank, or left a poor finish on the work. The 
Division investigated the effect of varying the number 
of flutes, the tool geometry, the tool material, and 
other factors in the cutting operation. Throughout 
this investigation, a number of tool manufacturers 
co-operated readily and generously supplied cutters 
and tool bits to the Division's requirements. Finally 
a cutter was designed which cut consistently well, gave 
much increased tool life and prodnced a good finish 
on the work. Full performance tests are now being 
conducted. 

The high-speed finishing of the commutators of 
aircraft generators, which is normally done by diamond 
turning, was also investigated at the request of 
industry. A good finish on these commutators is 
essential to efficient operation of the generators at high 
altitude. Experiments, which also involve nsing the 
superfinishing head designed in the Division, are being 
conducted to determine the. optimum technique for 
obtaining the required finish. A completely universal 
snperfinishiug and lapping machine acquired for finish
ing single-point cutting tools was extremely useful iii 
this investigation. 

( b) Engineering Design Analysis. - The special 
comse of lectures for Sydney firms in the telecom
m unica tious industry was completed duri11g the year. 
These lectures illustrated the application in the factory 
of new methods of analysing the functioning, produc
tion, and inspection requirements of engineering 
designs, and demonstrated the recently standa.rdized 
vocabulary for specifying such requirements . 

Two lectures were also contributed to a series of 
six lectures on "Engineering Drawings and Dimen
sions" organized by the Engineering Faculty of the 
University of Queensland to assist the engineering 
indttstry in Queensland. 

Further work was done in developing techniques for 
determining the natural tolerances for machine tool 
operations and production processes, with the co-opera
tion of an industrial firm. 

( c) Vibra,tion.-(i) Vibration Isolation.-Demands 
from industry for advice and assistance in the solutiou 
of vibration isolation problems have been heavy. Three 
major firms have undertaken the design and construc
tion of special vibration isolating foundations for 
large and costly precision machine tools, accepting as 
their oasis design principles proposed by the Division. 
Many others have lteen assisted in the isolation of 
smaller plant and instruments. · I 

I 
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Within the laboratory, two forms of general-purpose 
mount!ngs for instruments are being developed, n~d 
mountings have been designed and macle. for cer_t~m 

• small compressors, which had been disturbrng sens1t1ve 
apparatus. . . 

Concurrently with this activity, the practical ~pph
cation of the theory to the mounting, of parti_cular 
equipment is being studied further, and the a,:ail~ble 
information and experience collated for publication. 
There has been serious delay in pub!ishing the first 
comprehensive survey of the informat10n and to meet 
immediate requirenients abridged papers have been 
published locally and distributed. 

(ii) Vibralion Jll easure-ment. - Unusually heavy 
demands for measurement services has retarded_ the 
further development of vibration measu~·ing techniques 
and i nsLruments. Electronic capacitytype tran:,
clucers in prototype experimen~~l form have been used 
to meet immediate 11ecds. V1s1ts have been made ~o 
various faotories and vibration measurement made, m 
most cases to assess the :;uitability of sites proposed for 
the installation of sensitive equipmen_t, bu~ al?o for 
other special purposes, including the mvest1ga_t10n _of 
lathe vibration and the disturbance of a residential 
buildi11g by n earby large compressors. ~ paper is 
being prepared on the measurement and iso_la_t1?11 ?f . 
vibration with emphasis on the work of the D1v1s10n 111 

t hese £elcls. . . 
Desioon of a three-component transducer to facilitate 

rneasm';'ement of stmctural vibration investigations 
has been commenced and a proposed vertical suspen
sion tried in prototype form. A simple pendul~1m 
suspension for an optical vibroll:1e,ter is ~lso bemg 
tried. Equipment has been received_ for i_neorpora
tion into a vibrorneter calibrator, but llllmechate needs 
Jrn,·e still been met by improvised set-ups. 

( d) JJ_ipiamic Bcilunc'ing.-Examination of machines 
fo1· the dynamic balancing of rotati~1g c?mponents !or 
heavy machinery has cont inued: _A: s1mplifi~d balancmg 
tetlrniqne, developed by t~e ~i:71s1on, is bei1!g adopted 
in industry. Numerous mqm nes were received about 
the theory and techniques of balancing, and collation 
of the a,,ailable information has commenced. .An 
. \ ustra lia-wide survey was undertaken to determine 
dynamic balancing equip_ment and. services available 
to inquirers for the routrne balanemg of components 
like flywheels and armatures. 

( e) M eas11rement of . Physical_ Qv.anti_ties.-~i) 
J,'orce.-Additional provmg eqmpment is berng 
obtained to extend the range of force measurement to 
meet demands from industry. T wo proving rings, 
earh of 300,000 lb. capacity, have already been 
ncqui1·ed and tl1is provi~g equipment will . be in c?n
tinual use for tl1e venficat1on of matenals testmg 
machines. 

(ii) H ardnes.s. - A new Brin ell hardness testing 
machine has been acquired for the calibration of hai·d
uess test blocks and for certain hardness projects. 

Investigations have been carried out on the dead 
load Rockwell hardness testi11g machine made at the 
Laboratory to N.P.L. design. The behaviour of this 
machine has been studied, and tests made as part of 
a proo-ramme of intereomparison of Roek!Well hard
ness standards with overseas authorities. 

In the measurement of Ilrinell impressions employ
inn- u microscope provided with vertical illuminat ion, 
th~ ima"'e of the impression is presented as dark on 
a brin-ht field. In certain cases, using a low-power 
objective, a peripheral shadow is cast by the distorted 
metal. The edge of this slrndow may readily be mis
taken for the edge of the impression, resulting in large 
errors. An oblique illuminator has been developed 
which facilitates the measurement and gives greater 
accuracy. A paper describing the illuminator is about 
t,o bo published. 

(iii) Spanner 'l'orq1te and Bolt Tension.-A aurvey 
of avail able literature on this subject has been com
pleted and a paper published on the prediction of 
bolt tension. A torque wrench has been made and a 
prelimiuary design developed for a tol'Sion cell, for 
experimental work. 

xxv. PHy;sros. 
1. GENERAL. 

Physics, owing to its fundamental character, plays 
an important role in the development of other bra1iches 
of science and in technological applications of scienti
fic knowledge. Many Divisions of the Organization 
are therefore engaged in some branch of physical 
research. 1\he present chapter describes the work of 
the Division of Physics, which is one of the Divisions 
of the National Standards Laboratory. It is respon
sible for maintaining the Commonweal th standards 
of hea t, light, viscosity, and related :fields; calibrating 
measuring equipment ; canyiug on physical research; 
and advising industrial organizations and scientific 
laboratories generally on precision measurements and 
allied matters. 

Section 5 of this chapter describes the work of the 
Central Exp erimental Workshops on precision 
humidity contr-01 and recording equipment for the 
controlled-climate rooms at Prospect, New South 
Wales, 

D·im"sion of Physics.-Very encouraging progress 
has been made in the de\•elopment of the new method 
for measnring humidity reported last year . 

Au unusual application of the techniques of heat 
transfer and temperature measurement an<l control 
has ai'isen in the co-operation of the Di,,ision with 
members of the medical profession in order to devise 
equipment for lowering the temperature of patients 
to facilitate difficul t surgical operations. 

The Division's work in solar physics is described in 
Chapter XXIX., Section 2. 

2. HEA'l'. 

(Division of l)hysics.) 

(a) Meastirenient and Control of 1'e'lliperatu1·e.
(i) Standards of Temperature. - The following 
improvements have been made in the stauclards of 
measurement of temperature on the Internatiollal 
Temperature Scale :-(1) A new steam-point appara
tus has been assembled which gives temperatures repro
ducible to 0.0002° C. (2 ) Tests on cells for the 
realization of the triple point of water o\·er a period 
of two years ha,·e confirmed that they produce a tem
perature which is stable aud reproducible to 0.0001 ° C. 
(3) A manometer for the more accura te control and 
measurement of p ressures for the realization of the 
boiling points of water and sulphur l1as been desion2d 
and its construction is in progress. (4) A new ~nti
mony freezing-point cell for transfer from the resist-
1111ce thermometry to the thermocouple pyrometry 
range of the Scale has been designed. ( 5) One of the 
greatest limitations to accurate temperature measure
ment in the optical pyrometry range lies in the unc~-::
tainty of the colour sensitivity of the observer. "Equip
ment has been set up for the direct measurement of the 
~ig·nificant portion of the visual sensitivity eun-cs of 
the observC"rs and as an alternative approach to the 
problem a purely physical method of makin"' the 
ob~ervatiou~, wh ich, would r eplace the human eye, i s 
bemg ex:i,mme?· (6) A nomograph has been deYelopeJ 
for use m optwal pyrometry _which relates black body 
temperature to ~pl?a:·ent bnghtness temperature for 
any YaJue of em1ss1v1ty or transmission (7) A s _ . . . . . ys 
tematic mv?st1gat1on _of the long-term nnd transient 
changes wlnch occur m the bulb volume of liquid-iu
glass thermometers has been commenced. 
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(ii) Temperafores below the Boiling Point of 
Oxygen.-Considcrable progress has been made in the 
establishment of standards of temperature at low 
tern peratures. 

(iii) .ilifelting Points.-Arising from an inquiry con
cerning the manufacture of an important pharmaceuti
cal product which is subject to decomposition at its 
melting point, a detailed investigation has been made 
of the influence of various factors such as rate of heat
ing, size of specimen, and dimensions of container 
on the apparent melting point of this substance. 

(iv) liypothermia.-In co-operation with medical 
officers of two of Sydney's large hospitals equipment 
has been designed for use on animal and human subjects 
to induce, control, and effect recovery from the hypo
thermic state. The techniques developed have been 
incorporated in the design of equipment suitable for 
routine hospital use, and a prototype unit is at present 
being constructed by a manufacturer of scientific equip
ment. A direct-reading, rectal resistance thermometer 
suitable for this type of work has a lso been developed. 

( b) II ygrometry.-W ork has been done on the 
development of special ionic crystal or electrolytic con
de.nsation hygrometers and those to which particular 
attention has been given are: (1 ) A relatively simple 
form of instrument suitable for automatically measur
ing the dew-point temperature with an absolute 
accuracy of better than 0.1 ° 0. and a response time of 
about one second. (2) A self-balancing instrument of 
sensitivity equivalent to 0.01 ° C. in dew-point and 
response time of only 0.3 second. (3) An instrument 
for use in the accurate regulation of the. humidity in air
conditioned rooms. This is being developed with the 
co-operation of the Central Experimental Workshops 
for the new laboratories of the Division of Animal 
Health and Production at Prospect, New South Wales 
(see Chapter VII., Section 22 and Seetion 5 of this 
Chapter) . 

(c) Viscornetry.-The industrial requirement in 
viscometric measurement necessitates the setting up of a 
system of standards which will be free from the funda
mental weaknesses of the conventional standards and 
will give greater precision. An accuracy of a few 
parts in ten thousand relative to the viscosity of pure 
water at 20° C. as standard is aimed a t and the methods 
nuder development have a number of novel features. 

In the development of this project subsidiary experi
ments have been completed which have y ielded informa
tion of ,vider application than their immediate purpose. 
The surfnce tension of dibutyl phthalate has been 
measured over a wide range of temperatures and the 
effect of possiLle surface contaminants examined. Of n 
number of substances, silicone grease was the only 
one which was found to spread on this liquid. It 
has been found theoretically and confirmed by experi
ment that the surface tension forces on two similar solid 
objects similarly immersed in and wet by a liquid 
cannot differ no matter how the liquid surface 01· any 
part of it may be contaminated. 

(d) Low-temperat1tre Physics, Theoretical Research. 
-(i ) Gondttclion Phenomena ·in Solids.- Therma1 con
duction in solids is due to the transport of energy by 
the vibrations of the crystal lattice, and in the case of 
electrical concluctars, also by electrons. The investi.,.a
tion of this and related phenomena such as eJectri~al 
conduction and thermoelectricity, particularly at very 
low temperatures, provides a powerful tool for the studv 
of the structure of solids. From the theoretical aspe;t 
the main concern has been to determine the effe.ct of 
scattering mechanisms on these transport pl1enomena 
and to use these theoretical conclusions to deduce fro1~ 
the experimental results on particular materials details 
of their crystalline nntl eleetronic structure~. The 
principal investigations have been the following :-(1) 
Quantum-mechanical calculations have been made of 

the scattering of lattice waves by various model unper
-fections of the crystal lattice. (2) The effect of con
duction electrons and dislocations and other imperfec
tions 011 the crystal lattice component of the thermal • 
conductivity of metal and alloys has been deduced. 
(3) The effect of the heat current carried by the lattice 
on the electronic thermal conduct ivity of metals and 
alloys l1as been shown to be unimportant. ( 4) The 
dependence has been derived of the thermal conduc
tivity of non-metals on thermal expansion, elastic 
properties, and lattice imperfections. ( 5) A theoretical 
explanation has been given for the low-temperature con
duction properties of some transition metals. ( 6) The 
theory of the thermoelectric properties of metals and 
alloys has been extended. 

(ii) S1tpe1·fl-uidity of Liquicl H elium.-It has bee!l 
!mown for some time that a gas of particles to which 
Bose-Einstein statistics are applicable provides a 
theoretical model which reproduces to some extent the 
tbe1·modynamic Jlropcrties of superfluid helium. This 
theoretieal model has now been extended to non
equilibri um situations, and it bas been shown that it 
reproduces many of the superfluid properties of liquid 
helium. 

The phenomenological two-Jluid theory of liquid 
hcl}u!D, which is used to classify information on super
flu1tl1ty, lias been extended to reconcile the large 
discrepancy between the predicted and the observed 
heat flow in narrow slits and capillaries. 

(e) Low - tei'.ipetature Physics, Experimental 
Rei;earch. - (1) Low-lernperat-ure Facil:ilies, - The 
l1eli~m liquefier has functioned very satisfactorily and 
durmg the past year has produce.cl over 300 litres of 

-liquid _helium. Liquid helium is now continuously 
stored m a vessel from which the evaporation rate is 
very low, and this greatly facilitates experiu:iental 
work. 

A 15,000 gauss magnet is being coustructed for use in 
the produ~tion_of tcmpera~ure? below 1° K. by the pro
cess of ad1abat1c demagnet1zation, and for experimental 
measurements in the presence of mao-netic fields. 

(ii) 1.'herrnal and Electrical Conducti-vities.-An 
investigation of the thermal conductivities due to con
duction by the crystal lattice and by electrons aud of 
the ~lectrie~l eonduct~vities of a series of binary alloys 
of silver with palladmm and cadmium has been com
pleted. This indicates that at low temperatures in 
anu~aled alloys the lattice vibrations are scattered pre
d~nun~ntly. by free electrons, the electrons interacting 
with v~brat1ons of all polarizations. In alloys of high 
palladium content the unfilled holes in the cl-band are a 
furth_er source of scattering and in strai11ed alloys dis
locations play a major role in sca ttering the lattice 
waves. 

The thermal and electrical conductivities of pure 
palladium, iron, and nickel have been measured. In 
these elements that part of the thermal resistance which 
is due _to the scattering of the free electrons by lattice 
waves mc_rcases as the square of t he absolute tempera
ture, as 1t also does for monovalent metals but the 
corresponding electrical resistance has a cubic depen
dence on temperature rather than the :fifth power law 
shown by monovalent metals. 

Fa~ilities for the measurement of conductivities have 
been improved by the construction of a photoelectric 
galva~10meter-ampli:fier which enables thermal and 
clectncal conductivities to be measured simultaneously 
011 the same rod-shaped specimen. 

(iii) _Specific lleat.-The eonstrnction of a cryostat 
for specific heat measurements in the range 1.5 to 10° K. 
l1as been almost completed. 

Improv~ments ha.ve been incorporated in the 
cnlo1:11netnc eryost~t intended for the measu1·ement of 
spce1:fic hea~s. at higher temperatures (10 to 300° K.) 
by. th_e adcht1011 of a heat exchanger which permits 
effective use to Le made of liquid helium as the 



129 

l'efrigernnt for calorimeter temperatures as I1igh as 
60° K., thus avoiding die danger,; inherent in the u~c 
of liquid hyd1·ogeu. 

(iv) 'l'em per afore Jll easurement.-Some calibrations 
of temperature measuring equipment have been made 
at the boiling points of liquid o::-.'Ygen (90° K.) and 
liquid hydrogen (20° K.) and at intermediate tem
peratures in the equipment set up for the realization 
of a tem11erature scale in this region. 

3. LIOIIT. 

(Di vision of llhysics.) 
({i) Photometry.-(i) Photometric Standnrcls.-Thc 

extension of the range of photometric standards to 
include disclrnrge and fluorescent. lamps involves two 
difficulties: heterochromatic photometry and the opera
tion of the lamps under reproducible conditions. 

The first is usually met in part liy the ·use of a 
detector whose spectral sensitivity is corrected as nearly 
as practicable to the standard luminosity function, 
though residual errors and slight spectral selectivity 
of the paint on the integrat,ing sphere lead to 
appreciable enors in comparing these lamps with in
candescent standards. Appropriate conections may be 
made if the speciral energy distribution of the .~onrces is 
known. To this end, an attachment recording spectral 
energy bas been developed for the Laboratory's Hardy 
spectrophotometer, and is now in use for routine 
measurements to a precision generally of two per cent. 

Discharge lamp characteristics are affected by tem
perature, so that temperature control of the surround
ing air is usually required for reproducibility. This 
is insufficient, however, for lamp tempera ture is also 
affected in a variable manner by air convention. These 
difficulties have been 0Yc1·come by using the lamp's 
current-Yoltagc relationship to indicate the mercury 
vapour pressure and hence the temperature within the 
lamp. Calibrat ion at severnl resistances enables the 
larn1i to be used as a substandard without temperature 
control, and this technique is being used in building 
up snbstandards of luminous ·flux. 

(ii) 'J.'est W orl,.- 1'0 improrn the facilities for photo
metric "·ork a second photometric bench is leing 
installed as well as a large double monochromator 
incorporating 6-in. prisms. 

Tlrn maintenance of standards of haemoglobin con
centration and the calibration of haernoglobinometeril 
has been continued. The New South Wales Red Cress 
Blood Transfusion Service has taken over and extended 
the regular issue on request, on a Commonwealth-wide 
basis, of blood samples calibrated on the N.S.L. stan
dard, a11d the corresponding sen·ice formerly provided 
by the Laborntory has therefore been terminated. 

(iii) .Assistance to lndustry.-Be3ides providing a 
service for technical information and guida nee to 
industry, in which over a thousand inqufries are 
received per yca1·, efforts are made to induce manufac
turers to use physical rather than subjective met.hods 
of mcaslll'cmcnt and control. In the plastics and 
ceramics industries there is increasing interest in such 
methods for the control of colour, a subject wliich has 
also been discussed in detail with paint manufacturers. 

Other investigations for i.udusti·y have included the 
development of a photoelectric control unit for detect
ing water in oil by the presence of forwardly scattered 
light, and the exami.J1ation of methods for measminrr 
the spectral energy distribution of television screen; 

(iv) Optical Proverties of D·ij)'1isin_q Media.-:M:ost 
common materials, such as paints, textiles, paper, buil<l
ing materials, and soils, may be regarded as optically 
diffusing media whose colour depends on the spectral 
rdlectance. Studies lrnve been made of the relation 
between reflectance and the absorbing and scntteriug 
pronerties of the particles and on the refractive index 
of the matrix in which they are suspended. 

F.5500/55.-9 

The results have applications not only in the precl~" 
prediction of colour but also in the chemical analysis 
of di1rusing med ia by reflection spectrophotometry, for 
the reflectance is a function of the ratio of the absorp
tion to the scattering coefficients, and hence of t he rnJa
tive concentrations of absorbing and scattering i-ub
stanccs. The technique has been applied in the visible 
spectrum to biological material and plans have been 
made to investigate the possible extension of this 
method to the infra-l'ed, where the reflection spectrum 
of benzoic acid has been successfully obtained with an 
improvised apparatus. 

The diffusion of light from point and line sources has 
also been studied theoretically and applied to the study 
of the resolving power of photographic emulsions and 
its rnriation with object contrast as limi ted by diffusion 
of light within the emulsion. 'rhe localizaton of the 
just-resolved image near the surface has been shown to 
be due to the relatively low intensity of diffused I:ght 
at the sttrface as compared with tlrnt at greater depths. 

(b) Optics.-(i) Reflecting Jll·icroscope Objectives. 
The design of four-mirror reflecting microscope objec
tives has been further studied; work is also iu progress 
to impro\·e the performance of the concentric type of 
two-mirror objcctfre by aspherizing by evaporation. 
The ext,ent to which this techn ique can be u.;;ed in 
four-mirror oLjectiYes is being examined. 

(ii) Image Definition.-The measurement of optical 
definition, hitherto a largP-l_y rnbjective matter, can be 
made by a purely physical method in which the con
trast in the image of a specially designed test grating 
is measured. Equipment for doing this is in an 
advanced state of construction. T o relate the rnea
snrernents to the optical design of the system, it is 
1ieccssary to know the image contrast in the presence 
of various aberrations, a matter already studied in 
detail in the laboratory for small aberrations. Results 
liave now l>een computed for larger amounts of 
defocusing. 

(iii) (J plical .Facililies.-The facilities for optical 
work have been extended during the year by the receipt 
and installation of a Wild spectrometer which will 
make . possible more precise refractometry and 
goniometry. 

ll. wave-front sheai·ing in ter.ferometer constructi.:d 
in the laboratory has extended facilities for the test
ing of large objectives, and progress has been made 
with the construction and i nstallatiou of a new uni
versal optical bench. 

4. NUCLEAR STANDARDS. 

(Division of Physics.) 
Advantage is being taken of the facilities for nre

cision measurements of the Laboratory to redetermine 
certain nuclear standards. These are (a) the energies 
of alpha particles from certain natural radioactive 
substances, and (b) the gyromagnetic ratio of thl3 
proton. 

The former are of importance in providing energy 
sta11<lards for nuclear reactors, and the second pro-
1•idcs a standard for the precise measurement of mag
net.ic fields. The experimental techniques haYe appli
cations to tbe main tenance of the fundanrnutal 
elcctricrtl standards. Considerable progress has bae-n 
made in the development of the necessary nuclear 
resonance techniques. 

5. PREOISION H ui\UDITY CoNTnor, AND fuoonmNG. 

(Central Experimental Workshops.) 
In the ~cicnee of hygromctry much effor t has been 

expended in devising equipmei1t to provide an accurate 
measurement of the relative 11umidity of air, l1•1t eon
sicler :-i hly less work lia~ been clone iu tbe field of 
humi~lity con~rollers. Control sensing elements com
rnercrnlly a.va1l_able are largely of the hair type. which 
bas no pre.tens10n~ to extreme accuracy or sensitivity: 
better-quality eqmpmeut , such as that incorporating 
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11 lithium· chloride cell, can cope successfully with only 
!t small range of rel11.tive humidity or h~s _other dis
advantages such as slow response to vanat10ns. 
- T'he accurate control of relative hum idity ilnolves 
firstly t he highly accurate control of temperature, and 
secondly, the rapid de,tection a~d conection of varia
tion;; in humid1t.y. The sensmg element employer] 
must be capable of passing appr?priate i!°puhl.ls to 
a proportional control system with a m1mmum of 
delay, and the system as _n whole must be stable "? 
that disturbances can be qmckly damped out. Althougn 
the principle of proportional control h_as ~cen widely 
nsed, its success has alwaJ'.s been pre,1ud1ced by the 
limitations of the sens1ng elements commonly 
employed. 

Extensive investigations have been carried out at 
Central Experimental Workshops into this problem 
of obtaining improved equipment for t he measnre
rnent r ecording, a nd control of relative humidity. 
Witli' the development Ly the Division of Physics of 
the electrolytic condensation hygrometer it was con• 
sidered that a basis had been established from which 
sensitive, accurate, and wide-range control equipment 
could be produced, a-nd present developments arc v~ry 
encouraging. Work on the problem has been earned 
out in close collaboration with the Division, and proto
type sensing_ elements ~vhich _can ope1:ate controllers or 
recorders will be available for testmg and probable 
use in the controlled-climate room equipment now 
being installed at the Sheep Biology Laboratory, 
Prospect, New South Wales. 

XXVI. ELEOTROTECHNOLOGY. 
1. GENERAL. 

Much electrical work, particularly in electronics, i:. 
undertaken in Di visions and Sections as an integral 
part of research in otlier fields of investigation, but the 
Organization's research on electrical measurements and 
st,anc\ards and on electrotechuology is carried out 
within the DiYision of Electrotec.hnology, which is part 
of the National Standard Laboratory (see Chapter 
X:XIII.). 

The Oro·anization also collaborate.s with the Elec
tricity Supply Association of Australia in encouraging 
electrical research within the Universities through its 
Electrical Research Board (see Section 8 of this 
Chapter). 

Division of Electrotechnology.-The Division is 
responsible for the m aintenance of the Commonwealth 
standards of measurement of electrical quantities. It 
also maintains the Commonwealth standard of measure
ment of frequency in conjunction with the Common
wealth Observatory, Mount Stromlo, and other 
standards derived from frequency, resistance, and 
electromotive force. The Division undertakes electrical 
and magnetic measurements on materials, and the cali
Lration of instruments and equipment such as resistors, 
bridges, potentiometet·s, capac.itors, inductors, indicat
ing instruments, instrnment transform_ers, signal 
generators, wa vemetcrs, and fluxmeters. R esearch is 
being continued to improve and extend the electrical 
measuring and standards facilities, and on the dielec
tric properties of insulating materials and the micro
wave spectra of gases. 

The work of the Division has become much better 
known in industry and the number of requests for 
technieal advice and assist ance has grown rapidly. 
The demand for calibrations and measurements has 
a lso increased, particularly at direct current and at 
power frequencies. 

As in past years officers of the Division have taken 
part in the work of the Standards Association of 
Australia and the National Associution of Testing 
Authorities. 

The Division was invited by the .N at10nal Physical 
Laboratory to participate in an international sym• 
posium in electrical standards and measurements. 
Three papers from the Divisio11 were prnsented hy an 
o-Jiicer v isiting England at the time. 

2. DrnEcT CummNT. 

(Division of Electrotechnology.) 
( ri) G ond ucti·1J·ity of il!l etals.-More extensive focili

t:ies for measuring the conducti vity of metals have 
heen instalkd and pro\·ision has bec>n made for precise 
temperature control of the specimen by means of an 
oil bath. 

(b) St-able Resistors.-Dm·i11g . the previous year 
some 1,000- and 10,000-ohm standard resistors of an 
improved design were constructed. The resistors, 
which are similar to those origi1ially developed by the 
N ational Physical Laborato1·y, consist of lJare wire 
specially mounted to avoid stress. Further tests have 
now shown them to be more stable than the conven
tional type using insulated wire. 

3. PowER FREQUENCY. 

(Division of Electrotechnology.) 
(a) Corona. Detection.-The presence of corona 

discharge is one of the most serious limitation in the 
development of electric measuring instruments for use 
at high voltages. I t can also be one of the most 
important factors limiting the operational life of 
electrical components. 

T wo methods of detecting C0l'Ona discharge have been 
investigated and developed to give increased sensitivity. 
I11 one case the high-frequency component of current 
in tho <lischarge is observed using radio receiver 
methods refined for the purpose. When used in con
junction with a small spark gap this technique has 
been used to determine the vol tage gradient on insula
tol'S and bushings. 

In the otlier method corona has been detected in 
three-terminal air capacitors by observing the D.C. 
component in the discharge which has been shown to 
appear simultaneously with the onset of corona and the 
deterioration in power factor. In this way the upper 
voltage limit of capacitance standards can be 
determined. 

(b) Potential Divider.-A new type of switched 
potential divider has been developed. It is similar to 
the VarleJ' divider but allows more freedom in the 
choice of resistance values. In one particular design 
the divider requires only two different values of resis
tance coil in its c,onstruction. 

4. Aumo AND RADIO FREQUENCY. 

(Division of Electrotechnology.) 

At the lower frequencies the major effort has been 
devoted to the development of special capacitors and 
transformers and their application in standards and 
measurements. At the higher frequencies an investiga
tion of techniques for the production of high-quality 
coaxial line and microwave components has been made. 
Fundamental research into the application of micro
wave spectroscopy to the structure of molecules has 
continued. 

(a) An Absolitte Standard of Oapa,c1:tance.-In al1 
t,he morn precise absolute determinations of the ohm 
by the various national laboratories the star ting point 
has been an inductance ·whose value is calculated from 
it.s m etrological dimensions. Various experiments in 
recent_ years have _consi~lerabl_y h~pro,·ed _ the :iecuracy 
to which the veloc1t.y of propagation of light 1s known 
and this has revived iuterest in using a cal culable 
ca pacitor as tl1e starting point for au absolute deter• 
mination of t.he ohm. This Laboratory is exploring 
the best. physical• form fo r such a capacitor and the 
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metrological techniq_ues necessary to give the r equired 
accuracy. The various possible means of measurin" 
precisely t~e spa~ing and dimensions of capacitor plate~ 
have ?een mvest1gat ed. Electrical and electromagnetic 
techmques lia ve been developed, which contribute 
greatly to the convenience and precision of 
measurement.. These techniques ·which are used 
in conjunotion with optical 'interferometry, are 
suitable for r emote control and can be applied 
without modification to the absolute determina
tion of the capacitor in vacuum. The Division 
is collaborating with the Division of Metrology in a 
more general application of these methods to metro
logical measurements. 

(b) Aud.a-frequency Impedance .i\feasurements.
Equipmcnt of basic importance in establishing the ohm 
in terms of a computed capacitor is the bridge which 
determines the relation between capacitance, resistance, 
and frequency. Two suitable bridges have been 
de,1eloped and effort is at p1·esent being concentrated 
on attaining the precision of 1 part in 107 desired for 
t his determination. · 

As part of the same programme a bridge for the 
precision iutercomparison of four-terminal resistors at 
frequencies ranging from 50 c/s to 5 Kc/s bas been 
designed and a number of special components for this 
have been constructed. 

Further improvements have been made to the 
amplifier detector units for use with such precision 
bridges and with the present equipment the sensitivity 
limit for capacitance measurements is now better 
than 10-·•p:F. To obtaii1 an accuracy of measurement 
corresponding to this sensiti\-ity, very careful attention 
to bridge layout and other circuit details is necessary. 

( c) Stable Capucitors.-In the previous annual 
report a new and highly stable type of three-terminal 
sealed capacitor wag described. An even more 
promising capa-citor employing an entirely different 
type of construction bas now been developed and 
cL.ecked against tl1e older units. After n small initial 
drift over a few days, the relative change has been 
less than 1 in 10° over a period of six months. Because 
of the extt·eme difference in construction this relative 
stability must also be regarded as a sound indicntiou 
of the absolute stability of both types of capacitor. 

( d) '.l'ransfonners.-Cousiderable effort bas been 
<le\'ote<l to the dcivelopment of precision ratio trans
formers and their application to standards and measurP
ment work. 

An outst:mding deYclopment has been a t ransformer 
with secondary voltage ratios equal to the ratio of 
the number of turns to a precision of 1 part in 108

• 

This has been achieved by using a toroidal core and 
shielding the primary winding with a succession of 
copper and "Permalloy" shields until a region of 
zero magnetic fi eld is obtained in which the secondary 
windings can be located. The maximum difl'ercnce 
between tl1e i11Clmed voltages of two similar secondaries 
wound on such a core was about 1 part in 108• 

:\ technique has been developed for winding a decade 
tmnsformcr with ten coils such that each coil occupies 
an eC]uivalent position with respect to t-he core. The 
errors in a voltage divider constructed on this principle 
were less t.han ;3 parts in 106• This divider was incor
porated in a decade -capacitance box to provide the 
equivalent of a :finely-subdivided, high-quality, air 
dielectric capacitor. The present box has a tota.l 
capncitancc range of 1 pl~ subdivided to 1 1 .. pF, 
achieved by switching a series of three-terminal air 
capacitors to the Yarious taps of the Yoltage divider. 

( e) S1uilches wit:h Low Contact Resistan"e.~To 
exploit fully the advantages of precision transformers 
in bridge networks special switches with low contact 
resistance have been developed. A transformer brido-e 
which measure~ resistances in the range 1 micro-ol'm to 
10 milli-obms has been constructed to investigate the 

performance of such switches. Tests un commercial 
mstrument switches have indicated the mar.,ed 
superiority of sih er as a contact material, where low 
contact resista nee is essential. 

(t) Onpacilance 1'rnrMdttcers.-The. development of 
simple but accurate transformer bridges and of small 
three-terminal capacitors of high stability has sug
gested the use of a number of simple capacitance trans
ducers for mechanical and other physical measurements. 
Applications Jiave included a sensitive diaphragm mano
meter, a liquid helium depth gauge, and the height 
determination of a mercury column in a standard 
barometer. 

(g) F'reqnen~y.-Comiderable information has been 
obtained on the stability of the quartz crystal oscillators 
used in the laboratory's frequency standard by the 
development of n frequency comparator for comparing 
two frequencie;; to high precision over a short t ime 
interval. The accuracy of intercomparison achieved is 
of the order of 5 in 1012 in a period of 10 seconds 
and is expected to be improYecl sti:l further. 

Tl1e comparator bas enabled the various frequcn"y 
coefficients of the oscillators to be determined quickly 
and precisely and in consequence a number of design 
and operating improvements have been possible. When 
operating normally the oscillators now have short-term 
fluctuations in frequency of the order of 1 part in 1010

• 

(h) Microwave .Measuring Eq1tipment.-The demand 
for measurements and calibrations in the microwave 
region is growing and several pieces of measuring 
eC]itipment are being developed to extend the Division's 
faci lities. These include cavity wavemeters, a stabilized 
noise generator, power-measuring equipment, and a 
freqnency-stabilized klystron oscillator. 

('i) Ifigh-qiwli,/y Jllicrow<wc Resonators.-High
qual.ity cnl'ity resouators at. millimetre wavelengths 
1·cquire metals of the highest possible conductivity with 
mt internal suTface roughness 11ot exceed i11g a few 
micro-inches. Mechanical buffing, electro polishing, 
clectl'oplat ing, and evaporation of silver on to hardened 
steel barn been tried. The last technique is promising 
hut. re<Juires further investigation. 

(j) Electroforming of .Microw(l,ve Components.
Iuvestigntions ha,·c been made into the conditions 
necessary for the production of precision microwave 
corn ponent,s by the electroforming process. In this 
process, largely deYcloped by Radar Research Establish
ment in England, :rn item i11 which a precision-bore hole 
is required is bnilt, up bv electrodeposition of metal on 
to a rnandrol which has been ground and lapped to size, 
and which is then extrHcted. 

A. routine for cleaning and silver plating, by which 
bright, sound surfaces may be deposited against the 
mandrel, has been found, and part of the equipment 
neceSP-81',V for eYen deposition of copper up to ¾ in. 
thick has been dc.;igned. The Division of Metrology 
has h~lped by ad,·ice and assistance i11 production of 
experimental mandrels with a satisfactory surface 
finish. 

(k) Sliding Contacls for Coaxial Li11es.-Adjustable 
1engtb lines and s~1ort circuits arc important elements 
in coaxial liue measurements. The investigation of 
various types of sliding contacts and the possible metals 
au<l alloys is being; conducted to deYelop p:ood-quality 
sliding contacts with a reasonable working life. 

(l) Nicrowa 1·e Svec:froscopy. (i) Experiane1tfal.
Tl1c spectroscope has been further re-fined. In particular 
an automatic freouency-control system has been 
<len•lnnrcl whi.rh effectivrlv ties the. kly,tron to the 
Division's _freq1;1ency standard a~d enables the frequency 
of ahForpt10n Imes to be determmed to 1 part in 107• 

The spectrn of three sin,ple triatomic molecules, 
carbon:vl sulpl1i<le, w11t<'r. and sulphur dioxide are at 
present being im-cstigated. ' 
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(ii) 1'heoreticc,l.-This Division is collabomting 
with the Microwave Spectroscopy Laborntory of the 
:Massachusetts Institute of Technology iu an investiga
tion of tritiated water. The approp1·iate spectroscopic 
constants of the molecules HOT, DOT, and TOT 
have been calculated and frequency predictions made of 
some 40 ab;orption lines expected in !,he microwave 
region. 

5. l\L~GNETIC },,fEASUilEMENTS, 

(Division of Eleetrotechnology.) 

A new technique for mcasming steady magnetic 
fields in the range of 10 to 4,000 oersteds has been 
<leYeloped. A very small ring of soft iron is placed with 
its axis parallel to the wanted -field and is magnetically 
rnturat.ed twice per cycle by a 50 c/s. cunent flowing 
in a wire through the centre of the ring. The resulting 
slternating magnetic Hux parallel to the unknown 
steady :field is a measure of the latter and is detected 
hy a coil wound ornr the ring. 

G. Dmr.EcTmc !NVESTIOATIONs. 

(Division of Electrotechnolcgy.) 

Work on the relationship between the chemical and 
physical structure of pure compounds and their 
dielectric properties has continued. Further experi
mental work on long-drnin esters nnd hydroxy
compounds has helped to clarify the nature of their 
dielectric a b.sorption. O:i the theoretical side significant 
contributions have l;een made in the theory of dielectric 
breakdown and in the general t.reat.ment of electron
lattice interactions in the solid state. 

(a) Wool Wox.-Wool wax is a mixture of esters 
and from previous investigations of ali phatic esters in 
this Dii'ision it appeared likely that wo0l wnx may 
provide the raw ma tcrial for a useful dielectric at low 
frequencies. Measlll'emen ts have shown that, with 
slight purification, a wax with good dielectric properties 
nt low and audio frequencies can be obtained . 

(b) Aliphati'.c Ca111p01mds.-The dielectric properties 
uf several esters and one bromide h1l\-e been inrestigatecl 
ct radio and microware freqne11cies. A clearer picturo 
has now been obtained of the types of impurities which 
must be pl'escnt in the cry~tal structure of these ty1)es 
of compound for them to ha 1·e dielectric absorption. 

Investigations have continued into the properties of 
an ester, butyl stearate, which will remain in the 
metastable a-phase for long periods. Previously
unlmown pha$;e cha11gcs between different a-p)lascs ha1·e 
been re1·ealecl by these measurements. 

(c) Hyclroxy-co-rnpo 11nds.-Investigations of the hi"'h 
dielectric loss in hydroxy compounds has continutd. 
Pinacol hydrate, in which extensirn hydrogen bonding 
would be expected, was shown to possess very large 
nbsorption with the relative permittivity changing from 
3.3 to 51 through the dispersion region. This also 
results in a very high coefficient of permittivity with 
temperatme and suggests the use of piuacol hydrate in 
a temperature-sensiti1·e element fo r control or measure
ment. of temperature. 

( d) Allcali H cilides.-In 1948 an 1\.merican worker 
reported low-freq1wncy dispersion in alkali halides and 
.$i]ver lialides. The experimental evidence was rather 
slender and other workers had fail ed to confirm the 
effect. Crystals of a particular alkali halide (lithium 
fluoride) were obtained front three different sources, 
and low-frequency absorption was found in all the 
crystals and so confirmed the original worker's results. 
The properties of this absorption have: been studied and 
quantitative information has been obtained about the 
ionic movements involved. 

(e) Cold-wrl1'king li:ffecls.- It has been fonncl that 
cold working can introduce dielectric loss into com
pounds that are normally loss free. In some respects 

the effects produced are auo.logous to the cold-working 
effects in metals. as, for example, the tendency to return 
to normal on standing or on annealing. 

(f) X-ra,y Crystallography.---The structure of the 
low tern pcrature form of a secondary alcohol, 14-hepta
cosanol, has been determined and shown to contain 
chains of hydrogen bonds. The existence of a high 
temperaturn form has been demonstrated by single
crystal X-ray technique. Conditions for its occurrence 
were established by measnri11g the dielectric properties 
of material recrystallized at a number of fixed tempera
tures. 

A preliminary examination of the crystallography of 
ethyl esters has bec.n carried out. 

A erit:ical examination bas been made of available 
X-ray data on the crystal structure of long-chain 
hyd l'Ocarbons. This has suggested another interpreta
t ion differin~ from that generally accepted and more 
compatible with the dielectric behaviour of their polar 
derivatives. 

(g) Theoretical Worlc.-A new model has been pro
posed for a high-frequency loss iu d ielectric solids, and 
detailed calculations ha1·c been performed for the loss 
peak. 

A uew method has been devised for dealing with 
three-dimensional electron-lattice interaction. The 
rnethod is essentially a generalization of Tomonaga's 
one-dimensional treatment and will be of considerable 
nlue in the theoretical investigation of solid-state 
prrblems, especially the superconductivity of metals. 

In order to establish a m-0re geue1·al theory of 
dielectric breakdown, the electron distribution functions 
in an insulator in the presence of a high elect,ric field 
haYe been investigated. Distribution functions dcter-
1nined by preYious workers, and apparently different, 
have been shown to be equirnlcnt. 

7. SPECI.\J, I NVESTIGATIONS. 

(Division of Electro technology.) 

(a) Physical Occcmogra.plty.-'l'he major effort of a 
senior officer of the DiYision is now devoted to the study 
of physical oceanography and the de,·elopment of 
special instruments t o assist. the Division of Fisheries in 
this field of work ( sec Chnpter XII., Section 5 ( e)). 
A short visit was made to Europe and North America 
to attend conferences :md study overs~as research in 
physica I oceanography. 

Two instrnme11ts for the measurement of temperature 
and salinity hare been developed. 

The fil'st is a porta blc unit for use in estuaries to 
depths of about GO feet and the second is n more 
elaborate installation for the rapid measmement of 
temperature, salinity, and dc-pth to 3,000 feet. The 
latter was girnn preliminary sea trials in Apr il and is 
How bein,!?.' modified before final installation. 

(b) Radioactivity Jllele1· for Drill Iloles.-There 
exists an urgent need for a suitable radioactivity meter 
to explore drill holes in uranium exploration. An 
instr11ment. is being deYeloped to mount on the end of 
existing drill rods and which sends its inaication to the 
surface as a series of super sonic pulses alon"' the drill 
rods :and avoids_ the difficulty of providin; separate 
electnoal connexton to the surface . 

8. ELECTRICAL RESE.\Rc n Bo,mD. 

(Division of Elect·rotechnology.) 

Tho general objecti,·e of the E l ectrical R esearch 
Bonrcl is to fos ter fundamental electrical research in 
Unirnrs·itics and the training of graduates in r esearch 
me~hods_. . Grants arc. made for projects suggested by the 
u ll!YCl'Sltles. 

The .Board is representative of tlrn Electricity 
Supply 1.\.ssooiation of Australia the Universities and 
the Organization, Financial s~pport from me~ber 
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org&.nizations of the Electrie:it,y Supply Association has 
enabled the Board to support investigations in most of 
the Universities of Australia. 

Investiga tions on tl1e stability of power supply 
systems are being continued in t-he University of 
.Adelaide with projects on network analysers and in the 
University of Melbourne by using model mad1ine tech-
11iques. Transients are being studied in the University 
of Tasmania. In the University of Queensland work 
has been completed on the construction of the impulse 
generator and ancillary measuring and recording equip
ment; substantial progress lias been made on thunder
storm studies and the preparation of an isoceraunjc 
man. Work has been continued on clcetronic counters 
and amnlificrs of extremely short time resolution and on 
the Hall effect in semiconductors in the U niversity of 
S.vdnev where a new project on the dvnarnic stability 
of alternators has been started. The New Sonth 'i~ales 
University of Technology has nlso started a project 
on the r epresentation of synchronous machines by 
electronic models. Investigation of the loss of electrode 
material from hot spots in electric arcs is being con
tinued in the University of New England. 

XXYII. RADIOPHYSTCS. 

1. GENimAL. 

The techniques of radio and particularly its more 
recent offshoot, radar, have found employment in an 
ever-widening field of both scientific and inclu•trial 
application. The use of pulse methods and the cxploi ta
tion of ver,y much Jijgher frequencies than was p "ssible 
a decade ago l.1ani proYidcd sricntists with new research 
tools of surprising versatility and power. The Divi
sion of lfadiopl1ysirs is organized to can_v out investi
gations in fields in which m odern radio technique~ have 
particuhr application. Chief among the~e are funda
mental researches in cloud and rain physics am! rarlio 
astronomy-nelds in which i t ha.s a li·cacly established 
:rn international reputation. The Division is also 
concerued wit.h the study of J)hysical properties of 
srmi-condnctors, and especially the devices known as 
"transistors" wl1ich arr: initiating a major revolntion 
in electronic techniques; with the development of radio 
aids to navigation; and with high-speed computation 
by electronic means. 

The Organi7 a t ion also undertakes resea rch i11t0 tl1c 
propagation of radio waves. This is clone in collabora
tion with the Services, the Postmaster~Genernl's 
Department, anrl the universi ties, under the direC',tion 
of the Radio R esearch Board. Liaison between the 
various bodies canying out r esearch in the radio -field 
and those who make use of the rernl ts of this r cs8a1·rh 
is facilitated by a Consultative Committee on Raflio 
Researcl1. 

The work of the Division of Iladiopl1J~ics is out
lined i-n Sections 2, 3, and 7(b) of this Chapter and 
in Chapter XXXIII., SP.r.tion S: Ohapte,- . XXIX., 
Section 3; and Chapter XXV., Section 3. Tlrnt of the 
Radio F e,carch Board is described in Section 7(a) 
of this Chapter. 

Division of Radioph11sics,_:Thc Division is pre
dominantly 1mgaged in fundamental research in rain 
nnd cloud phy~ics and radio astro11omv. A relatively 
smaller effort 1s devoted to n study of the phy,ics of 
semi-conductors, in particular of transistors a~d thei._1• 
applications iu electronic cil'cuitr,y; and to some 
aspects of radio propa/!'11tion that bear 011 radio com
muniration and naYigation. 

The hi,rhlip;bt of the pnst year h as hen a _g-ift of 
21>0,000 dollars from the Carne(l';e Corporation nf 
New York toward the coct of building 11 .da nt radio 
telernope in .Australia. This generous tiihute to Ans
tralia's contributions to the new science of r :idio 
astronomy bas been followed by au offer from the 

Commonwealth Government to meet ]ialf tbe cost of 
the proposed radio telescope (provided the renrn:ndcr 
can Le found from other sources). 

During the year the Chief of the Di,·ision, Dr. 
E. G. Howe.n, was inrited by the Institute of Atmos
phc1·ic Physics (of the Unirnrsity of Ari :ona) to 
attend a conference on cloud physics at Tucs-~n, and 
while in the United States was consulted by t.hc 
1\dl'isory Committee 011 Weathel' Control which lrnd 
hcen set up by President Eirnnhower . Subsequently 
lie paid a second visit at the ill\'it.ation of the Ameri
can Association for the Adrnncement of Science, to 
p:irticirate in an international symposium on 
"Problems of tbe Arid Lands". While in the United 
States he tork the opportunity to inYestiirntc rain
making actiYities in that countty, and problems con
nected with tbe construction of !11rge r adio tele:icopzs. 
He also ,·isitcd England for discussions with the 
British :tlf etcorologirnl Office on the whole question of 
elond seeding, and with leading consultin.g eu~ineers 
and designers on the projected giant radio telescope 
for A ustra1ia. 

Tlie Assi,tant Chief of tlie Division, Dr. J. T.. 
Paw~r.v. attended, as an offici::i 1 Austral ian delrg~te, 
the XTth Ge~eral Assembly of the Internat.ion~l Uni•m 
for Scientific Radio ( U.R.,S.I.) which was held at The 
Hague in Au~ust, 1954. At thi~ confernncc, and at a 
Physical Society Co1tfcrcnre on "The Physics of the 
Ionosphere" lield at Cambridge in September. 1951, 
he lJl'CH'nted occounts of recent work of the Division 
in the fields of radio astronomy and the ionosphere. 

R,nclio Research Borml.-The Board maintains a 
small permanent staff and also fosters appron:id pro
jects in the unirersitics where the opport,·nity and 
need for assista11ce exist. The Board's studies contri
bute useful knowledp:e in two ways: (i) by st11d ies of 
radio propagation and all factors affecting radio com
munication naths ; (ii) by study of air movemc11ts in 
the Ycry high r egions of the upper atmosphere by radio 
means. 

These two sub jects are clo!.'ely int.erliuked and studies 
of both can be~t proceed simultaneously. Tho work 
of tbe Board during tlie past year has contl'ibuted 
materially to the knowledge of fondamental conditions 
and J)rocesses involved. New lines of attac1, are ron
stantly beiug clm·ised and improved equi1)mcnt deployed 
in tbe iiwestigations. 

The Board's o-f:ficel's work in close co-operation with 
officers of the .Tonosphe1·ic Prediction Service of the 
Depa1 tment of the I nterior, so that any new informa
tion 011 nropagation may be utilized by them as rapidly 
ns possible. 

The year 19~7-58 will be notable for intensi,·e world
wide study of the ionosnhel'e as part of the l)l'O!!Tamme 
of the Intemational Geophysical Year ( I.G.Y .), in 
which some 38 countries will participate. The Board's 
Chief Scientific Offi"er is convenor of the National 
Committee fol' I.G.Y. wl1ich has been set up liy the 
Australian Academy of Science to plan and co-ordi-
1rnte Au.,trnlia's progn1mJ11c of ionospheric, . geomag
netic, auroral, and 11ppr1· otmosphel'C researches both 
from the ground and by means of rocket as~ents. 

The Bonrcl's Chief S cientific Officer has been eleefod 
by tho lnternatiPnal Union of Rnd!o Scienc~ to suc
ceP.d Sir Edwal'd Appleton as President of 1t.s Iono
sphere OomJ11 ission. 

Tho Board's officers c011tributed fixe p~pel's to t11e 

conference on the Ionosphere held at Cambriclg~ in 
September, 1()54:. 

The Board's laboratoriPs and experimPntal ,•tat;on 
at Camrlen, New South ·wales, are n early re~dv for 
occupation; it is expected that n. nucleus of stuff will 
move in during October. 
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2. R ADIO Ams TON AVIOATJON. 

(Division of Radiophysics.) 
Two projects have been concluded in the past ye:ir. 

These were the investigation of a proposed method 
for navigating long-range ~il'craft by . distance m~:i
surement, and the production und tnals of eq~1p
ment for the remote m easurement of road-re!ucle 
speed. An experiment to test the feasibili~y of find
ing the bearing of DJ,I.E. beacons from turcraft hns 
been started. 

(a) Long-range Navigali?n. by Dis!anrc Ne'.1.~urc
ment.-Thc ground transmittmg stations prenomly 
set up at T ownsville and on a coastal site near Sydney 
ha\·e been used to study the proposed 111cthod of dis
tance measurement described last year. Aircraft 
measurements between Sydney and the mid-point of 
the path have confirmed the h igh potential acc~rncy 
p1 edicted by the original oblique-incidence iono~pheric 
experiment. An experimental a ircraft e~u1pmcnt 
which indicates dista11ce to the nearer sta tion on a 
dial ( after initial setting up by the opera tor) has been 
constructed and i ts perfor~ance is ~ei1~g eval~ated. 
Owino- to the nature of the 10nosphenc signals, it lias 
been found th at instrnmcntation of the system mn~t 
be fairly complex and the maxi1~111m station separ~
tion is restricted to ahout 1.400 nnlcs. Because of t!us 
limitation it is not i ntended to carry tbe exper iment 
beyond th~ present demonstration of the pr inciple a-nd 
the publication of the results. 

(b) T'elii•le Speed lndication.-Two r adio-Doppler 
rlevice;:; of the type dcrnloped by the New Zealand 
D.S.I.R for the remote measurement of the speed of 
l'Oad Yehirles have been constructed for tbc N cw South 
Wales P olice Departrne:it. Labornto1y and road t ria1s 
o\·er a period of six months ba\·e establisl1etl the 
accuracy and reli11 bility of the deYice and eddence .:>n 
this aspect has been accepted l,y a Sydney Traffic 
Court. 

(c) Direction-finding on D.Jlf.E .. Beacons.-A. c?n· 
sidcrable number of D.:M.E. (Distance :Mcn,nnng 
Equipment ) beacons arc now in u~e on the .o.us~ralinn 
airways system. These enable a pilot to detel'tnlllc the 
dista.nce to any selected beacon within rnnge. A 
valuable addition to the system would be a method 
measuring also the bea1 ing of the selected beacon. 
Direction-finding techniques on aircraft at the wa -e
length involved are, howe\'er, subject to erroi· due to 
distortion of the waves by the aircraft structUl'C. An 
experiment to determine the magnitude of these errors 
has been started in order that an assessment may be 
made of whether. by a relatively simple modification 
to the e.':isting D.hl.E. system, the desired supple
mentary information may be attained. 

(d) Oblique Incidence Propagalion.-Thc study of 
oblique pulse-transmissions on a frequency of 9.8 :Mc/s 
between Sydney and Townsville in connexion witl1 the 
Division's work on long-range distance measul'ement 
has been completed. Ionospheric phenomena i1westi
gnted include the relation between oblique and vertical 
incidence propagation via the E and F layers, re~ec
tion by the night-time E layer, and the reflection, 
absorption, height rnriation, and fading character
istics of the day-time E layer. 

3. PHYSICS OF SE~U-CONOUOTORS. 

(Division of Radiophysics.) 
The peculiar properties of semi-conductors

ma tcrials with properties intermediate betweon those 
of conductors and insulators-haYc been known for 
many years. The discO\'Cry, howowr, that CC'l'tain 
semi-conductor ,lcvices, known as t l'an"'istors, cnn per
form many of the functions previously relegated 
exclusively t o electronic valves, but nt considerable 
snvings in space, weight, power consumption, and heat 
dissipn tion. hns led to intensive research and devrlon
m ent in this promising field. Transistors are usually 

constrncted from si,ngle crystal material of extremely 
high purity which has been "doped" with minute 
quantities of impurities to induce appropriate con
ductivity, which may be negative (n) or positive (P) 
type according to the impmity seleeted. The Dwi
sion is investigating the basic physical properties of 
semi-conductor materials likely to pro\'ide tra,osistor 
properties and the techniques required for the produc
tion of single-crystal matel'ial and for its subsequ1mt 
doping. Sample quantities of expe!·imcntal tr~ns_is
tors arc being produced so_ tha_t theu· _characten~tlcs 
may be studied, and the c1rcmt techniques required 
to make best use of the special advantages offered by 
these devices a re being iu \·cstiga tcd. 

( a) Punda.rnenfal h ivesli[j(I lions.-During the year 
experimental work bas co_ntmued on_ ~he growth of 
sinule c1·ystals of getmaornm and s1hcon from t he 
melt. A mdio-frcquency induction h eater of 8 kW. 
output, built in tho Division, has been used to melt 
pure silicon (melting point 1,415° C.), but t-o date 
it has not been possible to produce single-crystal 
material from this element. 

From germimium crystals grown in the laboratory, 
experimental power junction transistors lrnYe been 
prepared, and their properties inrestigated. The units 
are capable of audio-frequency output greater than 
one watt· both p-n-p and n-p-n types ha,'e been <'On

structed. ' Work has also been done on the production 
of high-frequency, point-contact transistors. 

A theoretical treatment has been made of the pbysi
ral phenomena inxoh-cd in forming the collector of 
11-type germanium point-contact transisto1·s. R asults 
indicate that the cunent gain of such ti unsistors is 
enba,:1ced by the thermal diffusion of donor impurities 
into the germanium beneath the poi11 t contact. The 
donor ions change the potential barrier at the 
~crmanium surface in such a way as to enha,:ice the 
flow of electrons from the collector for a given cul'
rent of "holes " from the emitter. Experimental 
im·estigations with collectors of Yarying constitution 
support tl1e theoretical conclu!!ions. 

The distribution of excess rarriers of charge in 
filaments of extri11sic and intl'insic semi-condur tors has 
bC'en inve.•tigated theoreticall.v, when there is a point 
~ource of excess carriers and the filament is subjected 
to an electric field. Preliminary experiments :-how 
good agreement with theory. 

(I,) Transistor Circu:it D evelopment. - Circu1t 
development wor k is proceeding more freely now that 
ndeqn::i te supplie~ of tmnsistors ate available from com
mercial sources. These are being supplemented by 
laboratory models for special purposes. SeYeral appli
cations of transistors are being studied, the most 
important being their use in a t1·ansistorized version 
of the airborne unit of the Australian Distance 
Measuring Equipment (D.hl.E.). This unit, as manu
factured at present, contains 45 valves, weighs 48 lb., 
and consumes 8 amperes at 28 volt.s. 

Preliminary work indicates tha t transistor equinlent~ 
can be de,·eloped for the majority of the Ynh·e circuits. 
H owe,·er, frequency and power limitations of currently 
available transistors prevent their use in the 200-Mc/s. 
transmittinp: oscillator, and there arc one or two other 
functions which are difficult to achieve usin.(!' transis
tors. I t is hoped to produce an experimental transis
torized unit of about one-fifth the weiO"ht and power 
consumption of the present production ~ ode!. Devel
opmC'nt is now proceeding at the "breadboard" stage. 

Other work which has been done includes tl1e con
strnction of test gear for transistors, a transistorized 
Geiger counter, and a transistorized portable radio. 
'l'hc uses of lnborntorv-moclel l)Owcr transistol's made 
~n th e Division are · a1so being im·estip;ated. One 
important application for these ti·ansistors is in D.C. 
to A.C. power convertors which function witl1 high 
efficiency on n low-voltage D.C. supply. 
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,!, :MA'l'HEMATICAL COMPUTATION, 

(Division of Radiophysics.) 
This work is reported in Chapter XXX., Section 3. 

ii. CLOUD AND RAIN PHYSICS. 

(Division of Radiophysics.) 
-, Tl:i~ wul'k l:-: repo1·ted rn Chapter XXVIIL, 
::-ir(•twn 8. 

6. RADIO A.sTnONOMY. 

(Division of Radiophysics.) 
This work is reported in Chnpter XXIX., Section 3. 

7. THE IoNOSI'HEirn. 
.\11 long-distance radio propagation takes place 

tbrnugh the ionosphere. The normal ionosphere is 
maintained in it-s ionized condition by radiation fru.11 

the sun and t herefore shows daily and seasonal vari~.
tions. These are now reasonably well known fof 
most regions of the earth. Less is known about th<: 
abnormalities, such as ionospheric storms, which 
disrnpt radio communications from time to time, par
ticularly when sunspots are active on the visible solar 
disk. The most common method used for studying 
the properties of the ionosphere involves reflection of 
radio signals. An alternative method consists of making 
use of radiation from cosmic r adio sources and deter
mining the effect produced by the ionosphere on this 
radiation as it passes through the earth's atmosphere. 
These effects may change with time either slowly or 
t•a pidly. 

(a) Investigations by the Radio Research B oa,rd.
( i) Jl/m·phology and Theory of Ionospheric Pressures. 
-The work outlined in the last Annual Heport has been 
further developed and has now reached a stage where 
the r esults can be put to practical use; this is being 
arranged t,brough the Ionospheric Prediction Service 
of the Department of the Interior. 

(ii) U vper Air W inds.-The investigations outlined 
in the last Report continue to yield r esults of consider
able importance regarding the movement of dis
tmbances of ionizat ion both in the E and F , regions 
of the ionosphere. These results are now being col• 
lated with t.hose obta iued in other regions of the earth in 
an attempt to deriYe the global pattern. 

(b) Jnvest·iga.tions of the Division of Rad·iophysics. 
--Obsenations of the spectrum of radio-star scintilla
tions hn,·e been completed and analysed. This work 
has revealed sevel'al new features concerning the irregu
lar structul'e of the upper atmosphere. In particular, 
the spectra have shown that scintillations are caused· 
by the focusing effect of elon~ated irregularities in 
the ionosphere, several kilometres wide, which drift 
with horizontal velocities of the order of 100 m. per see. 

XXVIII. AT:MOSPHERIC PHYSICS. 
1. GENERAL. 

The Organizat,ion is undertaking a number of basic 
studies of the }lhysics of t.he atmosphere with the obje:!t 
of attaining a more fundamental understanding of the 
weather and the processes which control it. Meteoro
logy is a public utility on which almost e,·ery phase of 
the community life depends in some way. It already 
provides a wide r ange of sei·viccs to the public, but 
these can prosper and improve only against a back
ground of basic research into the mnny problems yet 
unsolved. Furt,hermore, Australian scientists lrnve 
played a leading pnrt in a series of experiments in rain 
physics, which could lead to results of grent interest 
for a continent such as Austrnlia which lacks adequate 
water s11pplie$ oYer wide areas. 

The Organization's major investigations in the field 
of meteorology are undertaken by the Division of 
Meteorological Physics nt Aspeudnle, Victoria. This 

work includes studies 011 dynamic meteorology, general 
circulation, com·ection, and micrometeorology, including 
its application to frost prevention (see Sections 2-7 of 
this Chapter). The Division of Radiophysics, on 
~ccou!1t of its ~ccess to th~ radar techniques employed 
rn tins work, 1s engaged m a careful scientific study 
of t,he processes in nature which give rise to cloud and 
rain, and of possible methods of stimulating rainfall 
by u!·t~~cial means (see ~ectiou 8 of this Chapter). 

Dwiswn of Jl{eleorolo,gical Physics.-The work of the 
Division .is directed towards a closer understanding of 
the behaviour of the atmosphere, with a view 11ot only 
to improving the prediction of its effects but also to 
utilizing them to the greatest advantage. The subject 
is essentially an international one and contributions 
were made during the year at meetings of the Inter
uationa l i\1cteorological .A,sociation (U.G.G.I.), the 
Common\\·ealth Conference on Oceanography, the 
Intt>rnational Gliding Association, and at the Indian 
0 Cf•an Science Congress which dealt with problems of 
more r egional significance. Mr. L. P. Smith Head 
of the Agricultural Meteorology Branch of the 'nritish 
1feteorologiral Office, visited Austrnlia for two months 
as J:art of a tour to stndy applications of meteorology to 
agncnlture and ob$el'Ye L\11stralian practice in water' 
conservation and irrigation. Du1·in0' the cul'rent year 
the former Section was raised to the ~<itatus of Division. 

2. GENEllAI, CIRCULATION. 

(Division of Meteorological Physics.) 

CouC'entration has recently been on more local prob
k•ms, ?ut a summary of work on the general circulation 
was g iven to a. special symposium on this subject at the 
U.G.G.J. Assembly in Rome. The novel features of thr 
~ppro~ch c:leveloped in the Division have played a part 
111 onentrng overs<'as work on this international 
problem. 

Attempts to assess the water balance of the south-east 
part _of the Australian coutinent by t he same techniques, 
i.e., mflow and outflow from daily soundings of wind 
and humidity, have so far proved inconclusive, but 
there are hopes for success if tlie soundings can be 
improved in number and accuracy. 

3. Dn,AMIC METEOROLOGY. 

(Dfrision of Meteorological Physics.) 

·work in dynamic meteorology centres on selected 
problems of a long-term nature concerned in the full
f'Cale processes of weather. Selection is decided on basic 
rather tlian day-to-day importance, though the work 
,bould still lead to improved standards and techniques 
in analysis nnd forecasting. 

The study of interactions between monsoonal and 
general circulations in the Australian region is being 
continued and an investigation of the sequence relations 
in summer pressure patterns has been completed. An 
unexpPcted temporary reversal has been found in 
,January of the continental low-pressure. system (heat 
low) , which tends to be strongest and furthest south in 
r'ecember and February. 

"Marked diurnal wind oscillations over the West Aus
trnlian and Queensland hinterland are being examined 
as an indication of the daily cycle of convective mixing. 

Investigations into the nature of discontinuities in 
tC'mperature, moisture, and wind, nssociated with cold 
fronts and similar phenomena, have been continued 
on 1111 extensive scale. The classification of fronts in 
vVrstern Australia based on radio soundings has bee11 

completed, and related to t)1e behaviour of pressure 
systems subsequently affectmg south-east Australia. 
Prr lirninary exam inations of" cool chan ,,.es" affectino
sonth-east Australia had emphasized the ~eed for mo1:~ 
special observational data. The Division hns now 
enlistPd the help of voluntary observers, and has 
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installed recording instruments at key places and on 
ships and aircrnit, while special measurements have 
been obtained a t Aspendale and from the Victorian 
Country Fire Authority whose operational problems 
arc allied to this study. The multiple structure of the 
"c•ool change " has now been established over a wide 
region as compm:e<l of prcfrontal winds!Jift or pre,sure
jump lines or both, as well as of a cold front in the 
normal seme. The modification of heated cont.inental 
air while temporarily over water south of A ustralia has 
been found to be an important process. The work, so 
far exploratory and selecti,·e, should lead to a more 
systematic study of summe1· weather changes and a 
better recognition of tho precirn processes at work. 

4. CONVECTION. 

(Division of Meteorological Physics.) 
Theoretical work has provided a solution for t he 

velocity and temperature fields above a cont inuous 
source of l1ent in calm conditions. V cry different 
behaviour r esults by day from that by night when a 
ceiling is formed above which the gas cannot penetrate. 
Experimental work is on hand to test the theory. 
Applicatio11S may then be made to orchard heating, 
to industrial pollution (which is now under notice 
in pnrts of A.ustralia and an urgent health problem 
o,·crseas), to flying and visibility conditions, and to the 
physics of rain showers. 

5. MICROMETEOROLOGY. 

(Division of Meteorological Physics. ) 
The principal aim in micrometcorology has been an 

understnnding of the mechanics of turbulent proces,es 
in the lower a tmosphere by detailed ob,ervation of the 
fine structure of temperature, motiou, and ,vater vap-:iur 
content of tlie nir. 'The exchange of energy bet,veeu 
the earth's surface and the aJ-mo, phere is a main 
factor in the production of nir masses of different 
characteristics which originate many weather 
phenomena. The \\'Ork relates also to the water balance 
of crops and reservoirs, the 1uic1·oclima te of vegetatian, 
and allied subjects. TJ1e techniqt1e3 reported previous y 
have been improved, mainly t o extend the range of the 
study to lighter wind conditions. 

T~ie first phase, now largely completed, bns greatly 
clarified the laws of transfer of moteoro1ogical proper
ties, and this now allows conrontration on more specific 
aspects. Obscrrntions on days of strong heating have 
disclosed n marked a.nd comparatively sudden clian"'e 
in the bent disposal mechanism with clecrense in wi;d 
speed. The theoretically deriYed laws for the heat 
loss by free convection, which opera tcs 11 t the lio-htcr 
wind speeds, have been confirmed at the ~nrne tim~. 

Spectral analyEes of fluctuation records have been 
carried out to find the intensities nssocia ted with 
different sizes (scales) of eddy. The scale of vertical 
air movements increa:es roughly in proportion to 
height, while the change for horizon t11 l velocity and 
temperatme is less Il:arkecl. The great change in scale 
between clay and mgbt has for tl1e fi._1·st time been 
quantitatively studied. The work also throws Ji,.,.ht on 
the adequacy of response time of the r ecordinn- ~ystem 
and more exact information will come from a

0 
current 

~nvcstigation using simultaneously instrnmcnts of Yary
rng response. 

T he study of conditions on clear niglits has baen 
supplemented by observations of radia tive transfer at 
two levels to determine the relative importance of this 
to turbulent heat t,rnnsfer. 

Agricultural research requires n method of measurino
cvnporation from growing crO"ps over va r ving tim~ 
intervals. P rogress has been made witlJ nn i;1stru•11eut 
to pr?vi~le this, by adapt.in~ the 111ethocl employed in 
the Las1c n11crometeorolog1cnl work. The ,·ertical 

velocity meter is almost completed, and a suitable 
fasL-responae hygrometer is being evolved based on the 
princip.e dcrclopcd by the Division of Physics. 

1\foasurements of wind speeds up to 500 feet on a 
radio mast have shown tLat gustiness increaws less 
rapidly with heigh t than the mean wind speed. This 
is 1·eleva11t to the economical design of tall struc;ures 
and is of some importance bo th in aircraft structural 
p1·oblem~ and in landing and take-off problems. 

.Since most of the earth's surface is water, more 
fundamental knowledge is required of the source of 
ntmospheric energy derii-ed from interaction with the 
orcan; this l1as reciprocal interest as a coutrolling 
factor in ocean cm-rents and temperatures, and hence 
in problems of fisheries. Exploratory studies to extend 
the work on tui·bulen t transfer to the atmosphere-ocean 
problems are now well a<l vanccd, and it is l1oped to carry 
ont some preliminary trials at sea during the comi11g 
year. 

The Division has continued to advise other organiza
tions on micrometeorological a spect s of their work. It 
has undertaken the construction of a number of fine
structure probes, and provides a calibration service 
for instru111ents of this type and for anemometers and 
air meters for outside bodies. 

6. FnosT PnEVENTION. 

(Division of Meteoro1ogical Physics.) 
Trials on the use of wind machines for frost preven

tion were continued, mainly in grape-vines with a 
ducted fo11 now availaLle commercially (" JETOM "). 
The performance of this machine was generally satis
factory at strong inversions, indicating a favorable 
mixing pattern with tlw narrow high-speed air jet, but 
po?r at weak inversions. The effect of increasing the 
hmght of the duct outlet will be iuvesti0 ·ated during the 

• 0 
commg season. 

In earlier work using large fans a ttention was 
focused on the amonnt of warm air drawn down. the 
effect in mixing the inversion layer at a distance being 
r egarded as secondary. 'Work with fans deliYeriuCI' 

• • 0 

))l'ogress1vcly smaller quantities of air, but with similar 
amounts of kinetic energy, has reversed t he emphasis 
much of the temperature increase at low levels bein~ 
due to mixing at a distance. This conclusion bas bee~ 
eonfii-med by the lack of substantia.l improvement when 
n ducted fan was fitted with a furnace to beat the 
emerging air. Accordingly a ducted fan dclircring a 
uanow high-speed air jet is being erected at the main 
testing site at Griffith. 

7. OZONE INVESTIGATION. 

( I:ivision of Meteorological I'hysics.) 
1,\ tmospheric ozone, though small in total amount 

makes nn important contribution to the radiatio1~ 
lrnlnnce of the atmosphere and there is a close connexion 
b~twe~n ozone content and latitude, season

1 
and synoptic 

s.1tunt1011. Measurements liavc been rnade for some 
years _under !11tel'l_iational auspices in a number of 
countnes, mamly. m t.he northern hemisphere. It is 
proposed to establish a network of three stations in the 
south-e11_st o( Australia. 'The neces, ary adjustments 
and cal1brat1011s of one of the instruments have been 
completed and observations started in Mclbomne. 

8. CLOun AND RAIN Puvsws. 

(Division of Radiophysics.) 

An ~xperime1_1tal investigation of the physical pro
~e~s~s lllY?lvcd m the formation of cloud and rain was 
mitiate1 Ill 1D'17 following a snccessfu1 demonstration 
that . ra1~1 could be . induced. from supercooled clouds 
by ti ea_hng them w1th dry ice. The broad aim was 
tQ o~tam not only a sound understanding- of the basic 
physical mechanisms 11t work that could be used to 



13t 

provide a guide to methods of artificial stimulation that 
might be expected to be successful, but also a background 
ag~inst_ which the practicability of producing useful 
ra111 might be assessed. 

In previous years the Division's efforts have largely 
been devoted to measuring the properties of clouds, 
pal'l.icularly those associated with natural rain, and, 
while some seeding experiments were carried out, thes~ 
IYCl'C mainly confined to single clouds. The results of 
this work, which have been described in previous 
Reports, haYe led to a r ealization of the important 
role in the atmosphere played by naturally-occurring, 
dust-like particles known ns " nuclei" and ~o. an t11:de1:
standing of how, under appropriate cond 1t1011s, m<l~
vidual clouds can be made to rain by supplying substi
tutes whE:11 the natural nuclei are nbseut or ineffective. 
Dming the past year the emphasis has been on obtain
ing further detailed information on . the occurre~1ce 
and behaviour of these natnral nuclei ( condensation 
nuclei for warm clouds, freezing nuclei for super
cooled clouds) , and on the inv~st\gatiou, _supJlorted _by 
field trials, of methods of art1:6.cial seedmg by which 
rainfall over an area ( as distinct from single clouds) 
might be increased. 

(a) Oloud Formation and Oloitel I'ro71er/;ies.-( i) 
Wann Olouds-" Project Shower " .-In October and 
November, 1954, men{bers of the Division participated 
in an international research pro:ject 1mdertaken in the 
.Hawaiian Islands for the purpose of studying the 
physics of rainfall from "warm " clouds. In these 
elands, which are a frequent source of rain in 1.\u;;
tralia, particularly in coast.al areas and in the north, 
the ice plrnse is not involved and precipitation r esults 
from the coalescence of the small cloud droplets to 
form rain. However, many of the details of the rain 
process arc not understood and the role played by 
nuclei oriidnating in sea-spray has only r ecent.ly been 
r ealized. Hawaii is an excellent location for a scientific 
stu d_y of such clouds si11ce the rainfall is high and 
of frequent occurrence, a nd falls on the slopes of 
readily accessible mountains whose tops r each above 
the clouds. Furthermore, adcquat.e airport facilities 
and ground meteorological services are available. 

"Prnject Shower " was sponsored by the W oocls H ofo 
Occanogrnphic Institute, Ilostou, Massachusetts, tlrn 
Meteorolol!:ical D epartment of the P ineapple R esearch 
Institute of Hawaii, and Hawaiian Sugar Planters' 
Association in Honolulu. The Office of Navnl R esearch 
of tl1e United States Navy prov ided funds for the 
purpose and the Radiophysics Division was invited to 
participate. Several other 01·gnnizations were also 
rnpresented. 

The Australian group was responsible for all the 
measurements in cloucl of temperature, liquid water 
content, and cloud droplet, spectra, the measurements 
being made in the specially fitted Royal Australian 
Air Force Dakota which was flom1 to Hawaii for 
t.l1e duration of the project. In addition, it marl<! 
measurements of cloud droplet charge and salinity of 
rain from stations on the mountain side. Other 
groups measured rainfall distribution, winds, atmo
spheric electricity, sea-salt .nucleus spectra, raindrop 
spectra, nitrogen content of the rain, and the trace 
constituents of the atmosphere. 

Despite an unusually fine stretch of wrnther during 
November, a great deal of information was gathered. 
This mass of data is now being reduce.cl and tabulated. 

(ii) Eleclric Charge on Cloud Droplets.-The 
cliarge carried by cloud droplets is of impor tance in 
i ts influence in increasi11g probabilities of coalescence 
between cloud droplets aud the consequent p roduction 
of rain. Apparatus has been constructed in which the 
movement of droplets in a strong electric field can Le 
photographed. Preliminary .trials indicn te that cloud 

droplets usually carry appreciable pos1t1ve charges, 
negative charges only occurring when the ice phase 
is present in clouds. Further work is planned. 

(iii ) Shalter-in,q of Salt 01·yslal N11cle·i.-The giant 
hygroscopic nuclei in the atmosphere consist almost 
always of sea-salt crystals, which exist as droplets 
when the relative humiclit_y of their environment 
exceeds 75 per cent. Laboratory experiments, usiug 
a special expansion chamber in which the humidity 
could be rnr ied, slrnwed that the drying out of micro
scopic salt droplets produced a large number of con
densation nuclei which are probabl_y submicron salt 
crystals released during the crystallization JJrocess. 
Thus a considerable multiplication in numbers of 
nuclei originating from the ocean can take place in au 
air mass in which, for example, large updrafts and 
<lowndrafts occur. 

(b) Ra-in.-Observations of natural rain have largely 
been those incidental to the carrying out of othe1· 
experiments. Work duri ng the past year has been 
mainly confined to a more detailed study of the 
apparent connexion bet.ween rainfall and dust of 
meteoric origin mentioned briefly last year, together 
with some further work on coalesceuce between 
droplets. 

(i) The E·ffect of Jlfeteoric Dnst on Rainfall.
Evidence was found in the previous year for a possible 
connexion between rainfall and meteor activity. It 
appeared that for a number of places in both tl1e 
northern and soutJ1ern hemispheres there was a strong 
tendency for excess r ainfall to occur some 30 clnys 
after the date of known meteor streams. lt was 
thought that this interval of 30 days represented the 
time taken by the small meteoric particles to settle 
to the lower regions of the atmosphere where they 
could operate as freezing nuclei and thus, nuder favor
able meteorological conditions, either intensify rainfall 
or ind nee it to fall. 

More deta iled statisticnl analysis using data from 
man_y more places scattered over the world has 
conti1rncd to support this hypothesis and still forfl1cr 
statistical studies a1·c 1ilam1ed. 

1'.[easnrements were made in the month of January 
of the daily variation of natural freezing nucleus con
tent in the free atmosphere, in order to see if in fact 
the concentration increasc>d following the passage of 
the enrth through a meteor stream. :Measurement:i 
were made in aircraft from Ricl1mond, New Soutl1 
·wales, and also from Tucson, Arizona, United State~ 
of America, using equipment supplied and installed by 
the Division. In additiou, u.ieasurements were mad<.J 
on tho ton of a mountain in tl1e Hawaiian Islands. 
The results are now being analysed, but first indications 
suggest that more data are required before definite 
conclusions can be drawn. 

As a fUTther check on the theory, an attempt was 
made to obtain optical measurements of the dust con
tent of the upper atmosphere. An atmospheric layer 
containing <lust contributes more to the scattered light 
frnm the sun than does the pure air of a dust-free 
regio11. Consequently during twilight, as the earth's 
shadow crosses such a layer, the rate of change of 
illumination undergoes variations. This quantity was 
therefore measured, the height of the corresponding 
1·egion being deduced from the time between th~ 
inrrense in illumination and sunrise or sunset. Com
pletely clear skies and a dry climate being essential, 
most of the observations were made llear Alice Springs. 
The measurements were \"Cry successful in showing that 
t.he presence of dust ~ cmnulations in the at:mospherc 
could be recognized not only in the troposphere but 
up to lieights of 80 kilometres. Dust was found to 
be associated with temperature inversions. Near the 
tropopause i_t varied widely in nmount, being closely 
nssociate_cl, w_ith the passage of wea t,her systems. Dust 
UJ the v1enuty of the known temperature inversion at 
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about 80 kilometres, although very patchy, showed 
variations from day to day that appeared to be related 
to the advent of meteor streams. Some more refined 
experiments of a similar nature are to be made shortly. 

Practically all reliable <la ta on meteor streams have 
been collected in the northern hemisphere. A few 
meteor obsenations b_y i:adar were therefore made 
<luring the year at a site near Sydney to check whether 
there were any prominent streams which affect the 
southern hemisphere only, and to provide up-to-the
minutc information on meteor actiYity. A survey of 
meteor activity by other methods had, however, already 
been commenced at Adelaide University. The Divi
sion's dircrt observations ha\·e t.herefore been discon
tinued and instead, with the co-oneration of the 
Uninrsity of Adelaide, arrangements ha\·e been made 
for the continuance of the work at Adelaide by appoint
ing the officer tcsponsible fo1· it to the staff of the 
Divisio11. 

(ii) Tlworeticol and Experimental Investigation of 
Coalescence.-Thc study of hig-h collection efficiencies 
of nearly equal <lrops has now been extended to cover 
the drop, diameter range 100 to 200 microns. The col
lection efficiency shows no significant change in this 
r egion, the average value being fomtecn. Experiments 
show no tendency for water droplets to bounce as 
sometimes has been suggested. 

A mathematical imcstigation of the statistical fluc
t11atio11s in the time i11terv11ls between collisions has 
been made. It has been shown tba t previous theory 
based on a vcrag-e rates of growth greatly over-estimate 
the time required for drops of raindrop size to appear 
in a cloud. 11 typical clond model containing 10 per 
cent. of its water in droplets of twice the volume 
of the remainder has sufficient drops to form rnin 
produced by coalescence in nbout 5 as compared with 
about 33 minutes on previous theories. This saving in 
time presents a challenge to the theol'y of giant salt 
nuclei in which this stage of grnwth is supposedly 
by-passed by large nuclei growing rapidly by con
densation processes. 

( c) 11 rtificial Rain Fonnation.-Oo11siclcration has 
been gi,·en during the past year to cloud seeding trials 
on a lanrnr scale than hitherto. in the li1d1t of know
lcdQ'e of the mechanisms of rain formation derived from 
earlier work. The material offerinu: the best prospects 
of successful uncl economic application to the problem 
of increasing raiufnll over an area appears to be silve1· 
iodide, and several preliminary experiments were 
rarried out. In order that it may be possible to conduct 
further routine seeding experiments o\·cr a longer 
period, the D ivision has pmchased an Anson air
craft and arrana:ement.s arc well in hand for its modi
fication and fit.ting· out for seeding- with silver iodide 
by means of smoke generators built in to each wing 
tip. 

( i) Silver I oclide.-A com prehcnsive series of experi
ments is bc>ing carried out to determine the effective
ness of this materia.1 as n. means of increasing rainfall. 

. Most of these experiments arc aimed at increasing tl1e 
rainfall oYcr an area and I.he assessment of the result-s 
will be on a sta tistica 1 basis b_y a comparison of the 
rainfall witl1 past years' records. Hence it is antici
pated that some time will elapse befol'c the s11ccess or 
ot.licrwise of the experiments can be ascertained. 

In co-oucration with the "Victorian State Electricity 
Commission, in September, 1954, see<li11g was com
menced from a g rouncl irenerator on Mount Stanley 
in north-eastern Victorin, with a Yiew to incrc>asing the 
prPcipitation int.he Kiewa c11tchment area. The biirncr 
is_ OPP;rnted wl1cncver tho wind is iu the appropriate 
d1rect10n and cfoucls have developed. 

In enrl,v Derembcr, J !Ji,4. ~0ed ing from an aircraft 
at rnedinm altitudes was carri0d out near Cloncurrv 
and in the Gulf country in Q11eensla.nd. Manv fli.~lit~ 
were mnde and the silver iodide smoke wns dispersed 

onr a wide area. Recently this type of seeding has 
been started again in the RiYe1·ina and Monaro 
districts in co-operation with the Snowy Mountains 
Hydro-electric Authority. 

A few preliminary seeding experiments were made 
in which silver iodide was dispersed from a Vamp ire 
jet-propelled aircraft at high altitude. However, 
'ircat.her conditions were not often favorable and no 
si«uificant resul ts were observed. 
(ii) Elech-ical Techniques.-It is known from 

laboratory experience that wl1en cloud droplets are 
clectrica lly c·hargecl, their behaviour and chance of col
lidi110- with each other and of coalescing arc. strongly 
intlu;nced. It is also kuown from field observations 
tliat many clouds consist of droplets which already 
h:l\'c small positive charges ou them. The presence of 
a comparatiwl_y small number of ne_g-at.ircly charged 
drops in such clouds might profoundly change their 
behaviour and rain mi_g-b t r esul t. Investigations are 
being made iuto the possibilities of a1·tificially produci11g 
the requisite numbers of charge droplets in suitablc> 
clouds with a ,·iew to c>ausing the droplets to coalesce 
and form rain. 

XXIX. EXTRATERRESTRIAL PHYSICS. 

1. GENERAL, 

Tlie new science of radio astronomy-the study of 
the unirnrse by means of radio waves-is now rccog
n i,:cd a s an important and integral part of astronomy 
itself. A part from providing informat ion which 
nrpplements t hat obtained by optical mct'hods, it has 
led to entir ely new discoveries which could ,not have 
been u111tle by the methods of classical astro110my. A 
more r ecent de\·clopment, which is certain to shed 
l igl, t on 1hc origin and structure of galaxies-includ
ing that to which the Earth belongs-is the discovery 
of a radio "spectral line" n t a wavcleJJgth of 21 cm., 
due to atomic hydrogen. 

Radio astronomy has formed a major part of the 
1·csc>nrch ptogramme of the Division of Radiophysics 
(see Section 3 of this Chapter). Studies of the iono
sphere are carried out by the Radio R esearch Uo:nd 
(sP-e Chapter XXVII., Section 7). Work on solar 
radiation is carried out by the. Div ision of Physics 
(see Section 2 of this Chapter) and cosmic r ay investi
p:atiorn; at. the University of Tasmania (see Section 4) . 

2. Sou.n PHYSICS. 

(Division of Pl1ysics.) 
(a) Em,ission of Radiaf,ion from Hot Al1noSJJher11s. 

--Theoretical studies of the emission of radiation from 
hot atmospheres has been continued by an investiga
tion of tlie emission spectrum of helium and hydrogen 
mixtures at temperatures above 10,000° K. 

(b) Physical Conditions in the Chromosphere and 
in Prominences.-Thc non-appe8'rance of the helium 
D3 line and the intensit.y of the helium absorption l ine 
A 10S30 A in the spectrum of tl1e Sun's disk may be 
explained, on the abo\'e analysis, if the temperature 
of the main absorbing region is about 11,000 to 
1.J.,000° K., a conclusion consistent with an analysis 
of measurements made elsewhere of the D:1 emission at 
au elevation of 1,000 km. above the solar limb. 

Physica 1 conditions in prominences have been 
deriyed from the annlysis of rnlues found by other 
observers of the half-widths and intensities of a large 
nnmber of Ha l i.nes. The r esults, 1ia111ely, tempern
t11res of 10,000 to 15,000° K. and electron eoncentra
t,ions of 1010 to 5 x 1010 per c.c., while of the same 
order as those obtained by other investigators, are of 
greater nccuracy. It has also been shown that a 
considerable part of the Ha. 1·acliatio11 from promi
ne~1ccs is rlue to the diffuse reflection of chromospheric 
radiation. 
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(c~ Ma,qneto-hydroclynamics. - The stability of 
a u111for111 current flowino· nlono· a ma(J'netic field illtd 

fi d l 
O O 0 

con •ne ietween a pair of parnllcl planes has been 
examined by the method of normal modes. and condi
t~ons for stability derived .for selected ·cases. The 
c1gen frequen cies of compressible reg ions of uniform 
magnetic field bounded by pln,ne parallel and cylindri
c-al surfaces ham also been found. 

(£l) Obser·1Jations.-Obscrvations of the chromo
sphere and prominences by t ime-lapse photography 
nsing a Lyot filter have been continued on a l'outine 
basis. 

3. R ,rnro Asnt0NOMY. 

(Division of Radiophysics.) 
During the year several important discoveries relat

ing to the Sun and galaxy have been made. These 
disco,·l' ries were based on the use of new types of 
equipment designed nncl bui lt by the DiYision. Simi
lar types of equipment following Anstrnlian designs 
haYc now Leen built in otlJcl' countries, anu it was with 
one such unit-a " Cross" aerial, built at W ashingtou 
-that electrical storms on tlie planet Jupiter were 
recently detected. 

Although the problem of obtaini11g high resolving 
power for surveying the galaxy at the lo11ger warn
lengths, and for studying the Su.u nt all useful waYc
lengths, has been solved b_y t.hc i1wention of special 
methods of ou~cnatioll, the ~tudy of th<' galaxy at the 
shorter ,1·avclcngtl1s appears to require the use of u 
rnry large radio telescope, capable of being directed to 
di.ffr rent. pai ts of the sky and to follo\\' the mol"ement 
of tlic celestial 8pherc. The Ca1,:1Cgie Corporation of 
.New York, in making a ge11erous gift of 250,000 
dollara toward the cost of such an instrnmcnt1 has led 
to an offer Ly the Commonwealth Go,:ernment that 
it would meet half the co5t providl?d the remainder 
can be found from other sources. Se,·eral private 
donations haYe already been received and the reqnisitc 
financial ~upport ~cerns assured. A booklet outlining 
!he proposals for a giant radio telescope for Australia 
has been prepared and it is hoped that technical 
details fol' thP proposed instrnmcnt ·will be fin:ilized 
and the p roject launcllCd duri-n~ the coming year. 

(a) Ra1l-io Waues fi·om Out.side the Salm· Sys/cm.
The uni,·er se is romposed mainly of hydrogen gas, 
rnucli of which is in a r ery tenuous state. It is in this 
tr.nuous gas that the principal part of t,he radia tio11 
which is studied in radio ;1stronomy originates. A 
study of the a.ngular distribution in the sky of this 
radiat ion, combined with n study of its !<pect rnm, is 
r eYenling the distribution of mattel' in onr galaxy 
aud also is providing information on the structure 
and composition of other galaxies. 

The · mechanism of origin of all the various types 
of cosmic radio emission is not yet fully understood. 
Two of the mechanisrns, however, ha,·e been explained 
sa t isfactorily-that of the line-emission froui 
neutral a tornic hydrogen and the so-called thermal 
emission from ionized hydrogen. There is a third 
type of emission which has heen cxp.lained in 
terms of rndiation from high-Yeloeity electrons movi11~ 
in the weak magnetic fields of interstellar space. If 
this explnnation is ,·alid--and new observa tions are 
being usPd to test it-then there is probably a clo~P 
connexion between this type oi' cosmic radiat ion aud 
cosmic ray particl es. 

(i) Disci·efe Soui•ces and Bacl.:r;ronnrl R adiation.
The new "Cross" aerial, dcvelOJJPd reeently hr the 
Division, is being used at a wavclenp;th of 3.5 m. in an 
attempt to solve some of tlie outsta nclinp; problems of 
radio astronomy. Ilecausc of the high d irectidty of 
tl1e aerial-far higher thm1 nnything used previously at 
such a wavelcngtb-celest,ial radio sonrces have been 
resolved, for the :first time, from their surroundings. 

The distl'ibution of radio en11ss1on from the 
i\iagcllanic Clouds has been studied in detail; for the 
fil'St timtJ it has been possible to compare directly the 
distribution of radio emission with the various stellar 
populations constituting a galaxy. From these observa
tio11s, and from those relati,ng to eleven other nearby 
galaxies nud to selected parts of the :Milky Way, it has 
been possible to show that the principal radio em ission 
from a galaxy at t,he longer wavelengths originates in 
two different types of source, ha,·ing distinctly different 
distributions. An analysis of these observations has 
lent sup port to the theory ment ioned earlier iu which 
this radio emission is produced by high-energy ebctro.ns 
moving in magnetic fields in interstellar space. 

A secoud " Cross " aerial system, larger than the first , 
am] designed to operate at the n •lativcly long wave
lengtli of 15 rn., is being const,ructed. 1'l1is aerial will 
han' arn,s nearly 4,000 feet long and a beam width of 
about 1.5°. 

,\t the shorter wavelengths, a general surrny of 
galactic radio emission has been made at a wavelength 
of 50 cm. T he aerial arnilable for this is too small to 
make the sul'\'ey comparable in resolu tion with those 
that ll'ill be undertaken with the t wo " Cross" ae1·ials, 
but u,:itil a larger parabola is arailable this survey will 
provide useful inte1·im information for studies of the 
spectrum of cosmic radiation. 

( ii) f,ine Emission from the Galaxy.- Obscrvations 
of the 1-120 llfo/ s. line emission from 11eutral hyd!'Ogen 
atoms provide information about the motio.ns as well as 
the distril:ution in the sky of interstel!al' hyd1•oge11. 
S ince the hydrogen roughly follows the distribution 
of the visible stars, it can be used as a " tracei·" to 
~tudy the large-scale stmctnre of stellar systems or 
galaxies. 

A detaik•cl study of the southern part of our galaxy 
is now in progress n-nd the resul ts, when combined with 
those from simila r studies in the northern hemisphere, 
will produce a three-dimensional map of the spiral 
~trncture of the galaxy. 

While this suney is in prog:·ess, a new and more 
.-,Jaborate recei,·inp; system is bei.ng constr ucted . This 
:1ew equipment will allow observations to be made very 
mueh more rapidly than any in use at present, because 
all parts of the spectrum will be obtained simul
taneously. 

(b) R,,d-io H'aves fmin the 8un.- By means of two 
multiple interferometers arranged at right angles, tho 
Snn has been sca,nncd stripwise by aerial beams which 
are abont 1/ 20° in width, over a large ra.nge of angles. 
F rom these observations the radio brig l1tness distribu
tion ovl?r the disk of the undisturbed S1111 has been 
determined for a wavelength of 0.2 m. It lias been 
found that in the equatorial regions of the Sun thern 
is marked limb-brightening, whereas no limb-brighten
ing is found in the solar polar regions. 

Following this work, one of the interferometers wa;; 
modified to work at a wavelength of 0.6 m. and was 
used to study the one-dimensional b1·ightness distribu
tion nt this waYelengtl1. The presence of limb-bl'ightcn
in,a: 11.t t h-is waxelength, 11lso, w:is confirmed. 

fn onlr1· to enable the results of observations of 
bri,a:ht1wss distribution to bP, inter preted in tt>rms of 
physical ronditions in the solar atmosphere, a number 
of theoret.ical brightness distributions were derived for 
different ,ravelcngths and for a range of t emperatures 
and densities in the solar atmos phere. These arP 
he ing compared with obserrntions. 

S pectral obserrntion~ of solar rndio bursts in the 
fr<:qnrnry rnnge 40- 2~0 Mc/s. aro continning, aml are 
bPinp; used to d£>termrne the character of co1·pu8c,1lar 
stn~11 ms _f1:om the Sun . . A recent quanti_tatiYe analysis 
of Yeloc1t1es has su ppo1-tcd the suggest.ion made h"l'f' 
flrnt the fastnst .o~ thes~ streams re present the cosmic 
rays of solar ongm wl11ch bombard the earth about 1 
hour after a solar eruption. 
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.\ special interferometer, 1 km. wide, is being con
.:tn1ctcd to 11llow these disturbances to be located on, 
~11(1 followed across, the Sun's disk. . 

A new technique has been dernloped for ~neasurm_g 
polarization at n large 1~u1!1ber of f~·eque11c1cs .. _Th!s 
is ennbli,ng the cli:nncten stlc propert1?s of sola1 1.1d10 

disturb::rnccs - spectrum 1111d polanza t10n ,:--: -~o be 
correlated in detail. The co11ation in the D1vmon of 

' the rosnlls of dnily radio ohserrntions of the Sun, 
nht.ainrcl in many cli-ffercnt countries, has contit!ned, 
and the results are published by the International 
!~stro11omical Union. 

(r.) Rrulio ll'a1,es from t_he Planet ~upif,,!'··-:-\. 
Er11rch ha:; bcc11 innde .for cv1dencc of radio eni1ss10n 
from tlic planet ,Jupiter following an n11nouncemcnt 
from the Uniter] Stutes of .\mericn that st1·ong but 
intermittrnt sig,nnls, lrndug the ge_neral impulsi,:c 
rl111 mctcr of ntmosplierics, had been picked up from it 
nt a wn velength of al)out 15 m. 

A !'ndio telescope baYing ver y precisn directional 
cbarncteristics at this wavelength is required to estab
lish with certninty that such signals are, in foot, 
cominn- from Jupiter. A "Cross" aerial capable of 
this p:rformancc nt an adjacent wa11elc1)gth lrns bc~n 
under construction for some time hut 1s not yet m 
operation. Strong atmospheric-like sii;nals have, 
however been detected intermittently with less accurate 
equipm;nt and a search of earlier records taken in 
HJ50-51 sli'o11's severnl periods of severe '1 interference " 
wnsistent with an origin in the planet Jupiter. In 
neither case is the directional accuracy sufficient to 
exclude other possibilities, but these oheerrnti~ns lo1_1d 
gcnornl ~upport to the idt-n that powerful racho em1s
~ions do rman atc from at least one other member of the 
solar system in adclition to the Sun. 

(d) Theoret ical ,S'iudics.-Theoretiral work has 
centrrd lnrgely on problc_ms of the_ origin. a~d trans
mission of elcet1·omap:nct!(' waves m an 10mzcd ,crn~, 
such 11s is found in the sun's 11tmospherc and in the 
,-icinity of hot star •. Au i11vcstigatiC111 of the harmon =c 
strurturo of lcngitudinal plasma osci1111tions has been 
made, and the results have been used to sl1ow the 
mode of origin of " harm on ie bursts " from the sun. 

Tho question of the growth of electroma/!:netic wnvcs 
in an ionized rncclium has brcn investigated and it ha, 
been found that n numbl'r of proposed mechanisms for 
tl1is nre tm tcnnhle. 

The variou,; types of waves that m ay be genernt~:I 
in i1n ionized medium in the presonee of a magnet1r 
field llllve beeu studied and found to reduce to only 
four types. 

4. Cos~nc RAY REs}:,rncn. 

(University of Tasrnnnia.) 

T he analysis of data from counter ~elescopes. a t 
Hobnrt and :Macquarie I sln11d has contrnued, _usmg 
equipment built at the University fot· the cosmic ray 
resear ch programme of the Austi·alian National 
Antarctic R e,careh E xpedition. 

The diurnal variations of the east-we,t difference 
of int.c11sity arc being studied. The, analysi:3 of the 
Mncqunrie I sland data is expected to give uc,~· mforma
tion ('011cer11ing the influence of solar eosnuc rays on 
the diurnal varintion of the pouetrnting component at 
sea lcYel. 

J t, has been observed tli nt the ea ~t-west a.symmetry 
has been decreasing sine~ 1!J4~, whc:n:as the theory of 
the higl1 latitude asymmetry predicts no change n~ a 
gi\·en latitude. The implications of this arc bemg 
exumiucci. 

A diurnal variation of the barometer coefficient for 
the penetrating radintion has been obserrnd, usmg ctat:t 
from a vertical counter telescope of high counting rate, 
in operation at Hobart. Work is in progress to 

determine the significance of this for the correction of 
the diurnal variations of intensity for surfa ce p1·ossure 
changes. 

A ir mass effcr·ts on the barometer coefficients o f 
eo~1n ic rays o. t Macquarie I sland ho.ve been exmnine<l 
aiul two pape1·~ 011 tl1is subject have br,rn published in 
thr A 11s[rali<m .fonrnal of Physics. 

XXX . .MATHEMATICS AND MATHEMATICAL 
STATISTICS. 

1. GENER.!.L. 

:Malhcmntieal work plays an important part in all 
plrnscs of the Organiz:ition's re~earch pr?g:·am.me~ . . A. 
sepurnt-c D i vision of lifotl:enrnt1cal :3tat1~t:c~ !S mn m 
tainccl to prnvirle worker~ Ill the va!·1ous D1v~sions a1:<l 
Ser tions with specialized l1elp m plannrng the1 .
rcs<'a1·cl1es and analysi11g their <•xpcriruental result~. 

W ork on ma thematical i11st.l'Umcnts and mechanical 
and electrical methods of computation is undertaken 
iu tho Section of llfothematicnl Instruments. Work on 
computing equipment is al -·o undertrikcn in the D iv~ion 
of Radiophysics (see Section 3 of this Chapter). 

Dil'ision of .Malhcmalical Stal'islics.- There h~s been 
consolidation in the Divisional prngramme durmg the 
past year, with form establishment of tl1e new c<:ntrr.s 
innugmate<l, in ).fay, 19.i4, at Coal Research, Arm1dale, 
and Brisbane and further extension of activities in t he ' . Wool Textile Research Laboraton cs. 

In addition to co-operative investigations within the 
Or"'llllization described in appropriate sections through
out the Repo:·t, 1111d the proYi,fon ~f advis?ry ~ssista~ce 
to nn increasin~ number of outside bodies, mclud111~ 
universi ties, nucl Commonwealth and State <lcpa rr
rnents, the Division h:1s continued its own programme 
of research in Yariolls theoretical a perts of mathe-
nrntical ~tati<tics haYing important practical applica
tion s, and certain of tlrnsC' arc summarized below. 

Thr. P ower ~-Samns puuchecl-carcl in~ta llation now at 
T i"i~ional head-quarters is a major addition to err1in
ment, rnakin~ practicable yarions laqc-s~ale investiga
tions which ha,•e been planned for some time. 

J1lnlhemalica1 !11sfru1nenls Seclion.- Tbe work of the 
Section has been based on the sol ution of differential 
eoua tions occurr ing in rcsoat·rh and industrial problems. 
The differential nnalyEe1· hos been in almost contin11ou3 
oporntion, nnd the only technical dcvolopmenh liave 
been tl1ose intcnrled to improve its reliability and speed. 
Jt has been fonnd impracticable to undertake the 
solution of problems im·oh·i11g the respertiYe applica
tion of lar!!'e numbers of numerical data, surh a s 
periodic raii1fnll or riYer flow records. These problems 
are of considerable iuclu•trial significance, and the 
S ection is co-opcratina; with the 1!niv;r_sitv ~f Sydn_e;
in the deYelopmen t of an elcrtromc d1g1tal d1fforent1al 
analyser, primarily to meet this need. 

2. ANALYSIS. 

( Division of Mathematical Statistics.) 

(a) 1lfolfivarialc t-Distribution.-Work on this exact 
rlistrih1tion hns 1 ren rontinuecl, and bas led to the 
derivation of the rnmpling di•trib11tions of all the known 
statii;tics ·which may be obtained from it; the latter 
distributions provide tlie m eans for making a rnr iet:
of exact tests of significance with small samples. 

(b) Recrve1·y of l11Jer-blocl.: Informalion in Qunsi.
fal'iorial De.si_qns.-I:Iithrrto, only approx imate methods 
],aye been avnilnblc for rccoYering inter-block informa
tion in quasi-factorial designs with incomplete data. 
In the period under r e.iew, tl:e exact procedure for 
couwining the weightC'd inter- and intra-block informa
tion in n sing le c•timate of a missing obserYation "11 a:s 
been obtained for nil types of balanced incomplete 
block designs, of square, t riple, and cubic lattices, 1md 
of tho lattiee squares. 
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( c) Design and ilncilys-is of 1'wo-phase Experiments. 
-It often happens in experimental work that the effects 
of different treatments cannot be measured directly, and 
a fu1"ther stage of testing is required in order to 
evaluate thein. Examples of this type of situation arc 
studies of the effect of conditions of growth of parent 
material ou resistance to disease or productivity of 
progeny; the survival of nodule bacteria under various 
conditions of storage and appraised by inoculating 
appropriate legume seedlings; and the effect of various 
treatments on virus multiplication in leaf tissue, the 
concentration of virus being ascertained by lesion counts 
on indicator plan ts. 

The object of this investigation was to establish the 
principles for the design of such experiments, and to 
uevclop appropriate methods of statistieal analysis. 

(d) Improvement of Resolution in Paper l!Jlectro
phoresis.-'l'he mathematical theory of diffusion has 
been applie.u in a study of the factors affecting resolu
tion of component fractions in paper electrophoresis 
of semm proteins. It lrns been shown that resolution 
can be enhanced by subjecting the proteins on 
a paper strip to an electric force which 
decreases progressively from the })Dint of appli
cation of the serum, eventually becoming constant. (In 
practice, this effect is induced by shaping the paper 
a ppropriatel_y.) The decreasing electric force exerts a 
focusing effect which partially offsets the loss in power 
of resolution due to the finite size of the applied spot 
or band of serum. 

(e) Statistical Analysis of Designs with Incomplete 
Data.-A simplified l)rocedure of obtaining equations 
for missing values has been developed for the analysis 
of incomplete data. It has been shown, in particular, 
that there is only a 1imitecl number of different co
efE.cients which ean occm in t.he matrix of the normal 
equations. The number is small, even for complex 
designs such as the lattices. Tables of them coefficicnb 
have been prepared for some of the standard designs, 
to facilitate construction of the matrix of normal 
equations. 

In the analysis of completed data, certain com
ponent sums of squares are always too large, but simple 
formulae for calculating the necessary reductions arc 
available for the several designs based on blocks, with 
any admissible munber of missing observations. For 
designs based on La tin squares, corresponding for
mulae are available only when a single observation is 
missing. A useful theorem, which yields concise cor
l'ection formulae for sums of squares when several 
values are missing iu designs based on Latin square~, 
has been proYed. 

(f) Statistical Sfodies 011, Sheep Breeding.-Thcse 
collaborative investigations between the Division of 
Mathematical Statistics and the Division of Animal 
H ealth and Production have continued and are reported 
in Chapter VII., Section 14. 

(.<J) Olhe1· Investigations.-In addition to the aboYc 
projects, investigations are in progress on multivariate 
analysis, regression analysis, the mathematical prob
lems arising in chemical kinetics, and the development 
of a conwrehensive test of goodness of fit for tlie 
combination of contingency tables of frequency 
distributions. 

3. H1on-srEED Col\[PUTATION. 

(Division of Iladiophysics.) 

During the year the decision was made to transfer 
the electronic computer to a centre where tl1e faciliti es 
it provides might be of the greatest usefulness. The 
University of Melbourne showed interest in acquiring 
snch u machine and it has therefore been made available 

to the University of Melbourne on extended loan: it 
will be operated jointly by the Departments of Mathe
matics and Physics. The computer, after an overhaul, 
was transported to Melboume by road and is now being 
re-assembled at its new site. 

T heoretical and numerical studies of several diffrac
tion problems in optics (having application, for 
example, to large parabolic antennas), and of the 
hydrodynamics of spherical droplets falling in a viscous 
fluid at a range of Reynolds numbers (yielding useful 
information on their interaction and coalescence) were 
completed during the year, prior to closing down the 
electronic computer for transport to :Melboume. Use· 
ful work has also been clone on the presentation of prob .. 
!ems to an electronic computer by means of "routines" 
so that the machine itself automatically programmes 
the computation. 

4. DIFFERENTIAL ANALYSER. 

(Afathematical Instruments Section.) 
The more important problems undertaken on the 

differential analyser during the year include: 
(a) Studies of the capaLility and of the steady

state stability of alternators in an inter· 
connected electric power system. These 
studies were undertaken in association with 
the Electricity Commission of New South 
Wales. 

(b) 

(c) 

(d) 

The solution of a hydraulic problem in a 
hydro-electric system, undertaken on behalf 
of the Snowy Mountains Hydro-electric 
Authority. 

A study of forced and free motion of a bubble 
in m1 infinite -fluid, canied out in associa
tion with the University of Sydney and 
the New South Wales University of 
Technology. 

Solutions of the negative Emden polytropes, 
iu connexion with the theory of globular 
clusters. These solutions were obtained 
for the Commonwealth Observatory. 

XXXI. PUBLICATIONS AND INFORMATION. 
1. GENERAL. 

The Orgauization's research results a re made avail
able tl11·ough various channels. 

Formal scientific publication is supplemented in 
sereral ways; by the preparation of films (Section 4 
of this Chapter) which may, for example, give a farmer 
or extension officer more help in uiagnosis of animal 
diseases than would rr list of cfo1ical data; by the, 
continous and close contact with industry of officers of 
the Divisions and Sections, through whom much in
fonnation-clerived from the literature, accumulated 
knowledge and experience, and cmTent resea rch-is 
disseminated; by the provision of facilities for guest 
workers in laboratories; by the publication of trade 
circulars, 11ewslettcrs, and n rticlt's for trade journals; 
J,y press releases ; by lectures and short comses of 
specialized training; and by the organization of 
specialist conferences. 

The application of research in tl1e primary irnlustries 
is being assisted by the wol'k of tJ1c Agricultural 
Research Liaison Section established in 1951 (Section 
3 of this Chapter) . 

Other sections of this Chapter describe t11c work of 
t)ie Organ~zation's l i?rarics ( Section 5) ; the Trausla
hou Section (Section 6); the Information and 
Documentation Sections (Sectiou 7) · aud the overseas 
Linis011 Offices (Section 8). ' 
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2. P um.ICA'l'IONs. 
I n collaboration with the Australinu National 

Research Council, the Organization now publishes the 
followin"' eight scientific periodicals:-

Aw;tralian Journal of Agricultural Research-Six 
issues a year. . . 

A11slrnlian J ottnwl of Applied Srienre- Issued 
quarterl,y. , . . 

A uslralian J mtrnal of Btolo{Jietil Sciences-Issued 
quarterly. _ , 

A11slralian Journal of Bo/any-Issued as matenal 
becomes arnilable. 

, lustmlian Journal of Chemistry-I ssu,:rl 
qunrterly. . , 

Ai1slralian Jou,·na/ of Jllarme and l1reshwaler 
Resem·ch-Issued as mnteri:il becomes a,ailable. 

A11slralian ,fotmwl af Physics-I ssued quarter~y. 
A 11slralfrrn J onrnal of Z oology- I ssued as rnatcnul 

becomes available. 
General editorial policy is decided by an Editorial 

Board <'omprising Dr. N. S. Noble. (Chairman), 
Professor J . S. A ndcrso11, Professor Su· }.Iacfarl1111c 
Rnrnct, l"rofo~sor L. H. M nr t in, and Professor J. G. 
Wood. Editorial J\ch-isory Committees arc responsible 
for editorial matters affecting each individual journal, 
and members of the Board serve 011 appropriate journal 
committees. 

The Royal Australian Chemical Inst~t.ute collaborate~ 
in the publication of the Ausfralian Journal of 
Chemistry, tl1<' Tnstitnte of Physics (.Australian 
Branch) collaborates in the publical,ion of the 
A.usfralian Jovrnal of Physics. and the Australian 
V ete1·inary Association and the A ustralian Institute of 
A"ricultu;·al Scicnre collaborate in the publication of 
th~ A11stralian Jo1mwl nf Agl'irnllural Research. 

The Organization's rcsrart'h results nr<' pnblisl1C'tl in 
the abOl'C'lncntio11t:<l journnl~, in its bulletins and the 
techuicnl Papers of its Divisions and Sections, and i:1 
special sc1:ies such as the II Land R esearch" series :rnd 
the "Soil Publication" series. :::Uany research papers 
arn also con tributed by officers of the Organization to 
specialized .0 c-irntific journals both in .I\ ustralia and 
GYerseas. 

Th j,rnrn:il!' listed aho,·e arn open to rc<•cirn contribu
tions ~f merit from research workers, irrespective of 
country or of the organizntion to wl1ich they a1·0 
nttached. ~fony papers from workers in Australian 
uniYersilics and a limited 11u111her from overseas ha,·r 
been puhliEhed, nml the marked inc·reasc i~ the aunnnl 
Yolnmc ()f the joumals represc11ts growmg support 
from all sources. 

A ('Olllplcte list of scientific papers puhlishecl during 
tl1e year by offirC'l's of the Organization will he found 
in Chapter XXXTV. 

ll • .L!.IISOl\ lil·:T\\' E:J,;N ~\onicur:n1 nAL H 1,:s1,.IRC1t .\ND 

E:xTENSlON '\V ORK, 

Tlw Agrirulturnl Re1,enrc·h Liaison Section wns 
formed mainly to ent:111·e th~ t the Organizntion\ 
1·esrtll'C'h results wtit·e made nnulablc to S:ate depnrt
mcnts of agriculture for 11sc• iu their extension work 
";ith formers. The work of the Section is concel'lied 
chiefly with rn~1·s_halli1!g important r esearch n~ate_riul 
all(l pl'rscnti11g it m smtablc form through pubhcat1011s 
and nt conferellCl'S with State na:ricultura l authorities. 

Officers of the Section must necessarily keep in touch 
with both research and extension organizations through 
personal contacts, including visits to research centre~ 
~nd atte11dancc at conferences. Discussions with State 
antboritics ~1rp learling to n clo~er 1·esearrb-extension 
h nkage rcgardin~ the spccinl problemi- of importnnt 
regions. 

(a) Publications.-Tbe quarterly periodical "Rural 
1~<',earch in C.S.I.Il.O. " is meeting a drmancl for a 
concise description of aspects of the Organization's 
research which can haYe important pract:!)al applica
tions. 

I mportant subjects are selected as major themes for 
taeh issue. T he September number, for example, dealt 
particularly with surveys, and described those c?ncerned 
witl1 soils, land nse, ecology, 1111d the ber f cattle 111dustry. 
O.S.I.RO. work concerned with Yarious a spects of 
liydrology formed ~he theme of the pccember iss~e.: 
This was followed m l\Iarch by a review of the 19:i:i 
.'l.ustralian Wcrd Control Conference, accompanied by 
articles on weed control by chemicals a11d insects. 
The Sect.ion is placing major emphasis on_ i~tegrating 
material for extension. Subjects rcq111r1ng more 
detailed trMfment nre appearing in the Organizatiou'.s 
"Leaflet" s,•ries, ond irnporlnnt research results are 
,lc•scribed in ores., rcleafes. 

( b) G'onfei·e11c11.:1.-- Confcr,•.1cc., belwcen 1esearrh and 
r.xtrnsion officers were hrlrl to deal with recent research 
1 e,u)t,; requiring more det11il<•d explanation a_nd di=cn<;
sioa. 1n Rovember, 1D54, !he third of a series of con
fe rence-tours of important l'egions was held in the 
C'oonnlpvn D own.; of fiou: h t\ ustralia. About 30 officers 
toi•crrn;d ,, ith ag1·irultura I administration, researc\ 
ancl e:xtemion trnr~lk<l for n\'e days thl'ough the area to 
,tu2,v the re;Plts of im·estigntions by C".S.I.Il.O., the 
South .\11stralinn Department of Agricnlture, and the 
F n i l'C'r~i ty of .\dclai<l<'. 

J ,ote1· in the some month the Section participated in 
the organization and conduct of a pasture irrigation 
('onfrrC'nce ro11nnod by the Victorian Department of 
Ag:·icultnre. This was probably the most representa
ti~·e gntliering of irrie:ationists yet held in Australia. It 
compri•ed o,·er 80 officers from departments of agricul
ture water supply and land settlement aut11oritie~, 
uni /t>rsitics and resenrch orp:nuizations from all States, 
as well as oYcrseas reprcsentatiYei-. Three clays were 
spent in formal lecture ~es~ions in 1Ielboume and 
W erribee. nnd members tl1e11 traYellcd for six <lays 
thro11~]1 the main pasture irrigation cli~tricts of Victoria 
und the• HiYeri11t1. concluding on the ninth day with n 
rcYir,r ~ession }It Cobram. 

The Section helped in the planning and conduct of 
other conferences arranged by the Organization, in 
partir11 lar the Ilecf Export C"onfcrence held in Brisbane 
in 1Jnrch, 1fl:ifi. It assistrd the New South Wales 
Depnrtment of .\!!1·icnlture in p 11bli~Jiing the procced
inf!~ of the 10;;3 conference-tour of tbe Northern Table
la~ds ond hns n,adr preliminary nrr:rngcmeuts with the 
Dep11rtmt•nt for ntl1ei· regional eoufrronces of this 
natu1·c•. 

'T'he Seetion is preparing II report on the principles 
:md procedures for organizin~ Jia ism,-type conferences. 

(c) Films.-The Sertion works with the Film Unit 
in tho pl'O<luct.ion of films on rnral topics and assists 
it \\'ilh tl1e art work assorintcd witl1 the Unit's p:cnernl 
a ctivitic~. 

( il) Di.~pfoy.•.-In adrlitio11 to work associated with 
pnhlirntiom. confrrrnce~, :rnd films, the Section's art 
,lepartmcnt is being increasingly used to help with clis
plaJ··' · ThP Scrtion co-opemtcd with the DiYision of 
l'<'nrl Prernrrntion and Transport nud the Dairy 
R<'0Plnrh Set>tion in preparin~ a large exhibit for the 
:Mclbo11rnc Better Food Exhibition in February, 1955. 
Hrlp in m :itters of design, illustration, aud lettct·ing 
was also given to other hrnnrhes of the Organization. 

( r) I11011iries.-,\ bout 1,000 inquiries were rerriw<l 
during the year from extension workers, research 
offic(.'rs, schools, pn~toral companies, banks, indi1•idual 
formers, aud othNs intcrP~ted in the agricultural 
deYelopmeut of Aml:-alin. 'Many ,,ere answered direct 
aud others were rcferr<'d to approprinte research or 
extension authorities. In several instances, the r equired 
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information was supplied in the form of a report based 
on material obtained from several different nuthorities 
and collated hy the Section. .Mimeographed statement~ 
prepared in this way urc available on the following 
subjects:- · 

Bibliography of C.S.I.R.O.'s Publications on Irri
gation, Drainage, and R elated Subjects. 

Phosphorus Supplements for •Cattle. 
Selected References on C.S.I.R .O. Pasture 

Research. 
Regeneration of Salted Areas, with Special R efer

ence to Salt-tolerant Vegetation. 

4. FrLllI UNIT. 

During the year the following films were completed 
nud released. 

Weir Agai11.~t the Babbit-16 mm., colour, sound, 
screening time 23 minute~. Produced for the Victorian 
D epartment of Crown Lauds and Survey, the :film 
bhows how a farmer in collaboration with his neighbours 
and the Vermin and Noxious Weeds Dnrnch tackles the 
problem of oomplete eradication -0f rnbbits from bis 
property. 

ille-iosis-16 mm., colour, sound, screening time 11 
minutes. This completely animated film was produced 
in collaboration with the Animal Genetics Section, and 
desc.ribes the complicated chromosome-halving cell 
division preceding the formation of sperm and egg 
cells. 

Ac1,te Phalaris Staggers in Sheev--16 mm., black 
aud white, SClUll(! , screening time 11 minutes. Produced 
in collaboration with the Di vision of Biochemistry and 
General Nutrition, as a record of the progression of 
the outwa rd symptoms of the acute pha~c of the disease. 
This film ~upplements an enrliei· film which dealt with 
tho e.hrouie stages of phalaris staggers. 

lfogwor t C'onlrol-16 mm., colour, silent, scr ecni11g 
time 18 minutes. })roduccd in collaboration with the 
-Victorian Depai·tment of Crown Lands and Survey. 
The new ml'thods to control ragwort arc contrasted in 
the fih,n with those previously used by landholders. 
Modem equipment and hormone sprays are far morn 
effective and economical, and their use has been brought 
within the means of all farmers. 

11 omes fo,r the biland-16 mm., colour, sound, 
screening time 12 minutes. The Film Unit helped tl1u 
:tlLI.A. 1:\gricultural Ser,rice of the New South Wales 
Depal'trnen t of Agriculture in the final stages of thr 
production of this film which outlines the m ethods of 
pise house construction and tl1e essential features in the 
design of homes for inland areas. 

Films on t-he following sulljects are in the course of 
production:-

The J1lutton Birds of Bass S lrnil-16 mm., colour, 
sound. 

Two Jllacles of Grass-pasture improYement i11 
southern A ustralin-16 mm., colour, sound. 

The Penguins of Jlfocqucirie Island-16 nun., 
colour, sound. 

8 i1pply ancl Drainage 1J,itches- 16 mm., colour, 
sound. 

Cine film records have been made of the following 
research uctivities :-

(i) The arrival of Zebu cattle in Australia for 
tlie 1:ivision of Animal Health and Pro
duction. 

(ii) Slow-motion analysis of hay raking equipment 
for the Agricultmnl Engineering Section, 
Mel bourne University. 

(iii) Air moYements for the Division of 
Meteorological P.hysics. 

5. Lrnn.AIUES. 

Mi~s E. J,. Arcl1er, llLSc., who built the library 
network on such a firm foundation, retired from the 
position of Chief librarian during the year. Her 
place has been taken by Miss B. C. L. Doubleday, M.A. 

In the latter half of 1954 a separate library under 
the ch arge of a Senior Assistant Librarian was set up 
in the Western Australian Regional Laboratory. The 
Libraries of tlie Wildlife .Survey Sectiou, Canberra, 
antl Sheep Biology Laboratory, Prospect, are simi'.ar 
instances of new small libraries set up duri11g the year . 
This brings thP total of libraries within tho Organiza
tion to 45. 

The General .Supplement to the 2nd Edition of the 
Union Catalogue of Scientific arnl Technical Periodi
cals in the Libraries of A.ustralia, which will bring it 
np to date from 1946 until July, 1955, will, it is hoped, 
be r eady for t.he printer by the end of 1955. The next 
project ,rill be a union list of books held by the 
Organization's libraries which will probably be i<1sued 
first in mimeographed form. 

In addition to taking oYer the responsibility for 
the Abstracts of Published Papers and List of Transla
tions, Head Office Library now houses the Index to 
C.S.I.R.O. publications. It is hoped to maintain a 
c-omplcte file of all published papers of officers of the 
Organization, wl1ether written before or after they 
joined the staff. Except for the small quantity of 
material that is confidential, this should provide not 
only the Organization but any member of the public 
with readily accessible dnta on any aspect of work done 
by officers. :Further, the com plete reorganization of 
thl' reading room in Head Office library bas made 
fli' ailable an addilional 500 f eet of space which can 
he made to house both ac!Jitional material and more 
readers. It-s resomccs are aniilable to any serious 
readers be they research workers or students, but this 
fact does not seem to he sufficiently widely known. 
Within certain limitations, too, books and periodicals 
arc lc>nt to kindred establishments. 

6. TR.\NSL.\TION. 

The Truuslation Section has carried out written and 
oral translation fo t· oflicers of the Organization. 

The Section has continued to act as Australian agent 
for the I ndex of Translations of the British Oommon
,,-011lth .Scientific Office. .\ reference card index of 
11vailablc translations has been kept, and has occa
ciionally prernnted duplication. A large number of 
cards rel a ting to i ransla tions held by the Library of 
Congress of the United States have been received and 
added to the lndex, but the supply bas now ceased. 
Microfilm copies of all t1·a1!slations made l,y this 
Seetion from 11msian have been prepared for the 
National Science Foundation, United States of 
. \merica. 

The languages that can be handled ,by the .Seetion 
are: Ger man, Dutch, Latin, French, Italian, Swedish, 
K or wegi:111, Danish, Spanish, Portuguese, Russiau, 
Icelandic, Polish, Ukrnniau, Serbo-Croat, Slovene, 
l.ettish, Hebrew, and Jiungarian. For other languages 
use lllust be UJadc of outside translators. 

7. TECIIt-.ICAL lNQUIRU:s. 

In addition to the large number of inquiries r eceived 
h,r Divisions and Sections, rnany are also directed to 
Head Office. Whe1·e it is appropriate, such inquiries 
are sent on to specialists either w_it.hin the Organiza
tion _or el 0 ewhere. H t.Lis is not possible, replies at·e 
provided from H ead Ofhec. Some changes in arrano-c
ments for handling these inquiries were made cluri~.,, 
the year, an<l a large part of the work involYed i~ 
now being undertaken by members of the library sh ,, 
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8. OVERSEAS L1,\ISON OFFICES. 

The Organization lias Scientific Liaison Offices in 
London and Washington as constituent units of the 
British Commonwealth Scientific Office (London) and 
the British Commonwealth Scientific Office (North 
America). These offices maintain close · contact with 
overseas scientific developments and also act as bases 
for visitors and research students from the Organiza
tion and for otlrnr visiting scientists. 

In London. the Ol1ief Scientific Liaison Officer has 
represented Australian iuterests at a number of inter
national and United ICingdom scientific conferences 
and committees, and has thus developed closer contacts 
and understanding on many matters. The London 
Office ·has materially assisted with regard to the 
enlistment of research staff, not only in the • United 
Kingdom but also in other European countries, 
especially Holland. The Washington Office ]ms also 
contributed greatly to Australian representation at 
conferences and meetings held in the United States 
of America . 

XXXII. PERSONNEL OF COUNCIL AND 
COMMITTEES. 

1. EXECUTIVE. 

Sir Ian Clunies Ross, C.M.G., D.V.Sc. (Chairman). 
F. W. G. White, C.D.E., M.Sc., Ph.D. ( Chief Execi,tive 

Officer). 
S. H. Bastow, D.S.O., B.Sc., Ph.D. 
H.J. Goodes, O.B.E., B.A. 
A. B. Ritchie, M.A. 

2. ADVISORY COUNCIi,. 

Clwirma.n. 
Sir Ian Olunies Ross, C.M.G., D.V.Se. 

EXECUTIVE. 

(8ee aboYe.) 
Chairmen of S tale Cornrnittees. 

New South Wales- Professor J. P. Baxter, O.B.E., 
B.Sc., Ph.D. 

Vietoria.-H. S. Andrews, D.Sc. 
Queensland-A. F. Dell, :M:.Sc., D.I.C. 
South Australia-Professor J. G. Wood, Ph.D., D.Sc. 
Western 1\ustralia- Professor E. J. Underwood, B.Sc. 

(Agric.) , Ph.D. 
Tasmania-S'. L. Kessell, M.B.E., M.Sc., Dip.For. 

Go-opted Members. 
D. T. Boyd, C.M.G. 
L. B. Bull, C.B.E., D.V.Sc. 
Sir Macfarlane Burnet, M.D., Ph.D., F.R.S. 
The Hon. 0 . McL. Falkiner, }1.L.C. 
W. A.. Gunn, C.M.G. 
D. R. Hawkes. 
Sir Edward Lefroy. 
D. Mackinnon. 
I. M. McLennan, B.E.E. 
Emeritus Professor Sir John Madsen, B.E., D.Sc. 
Professor L. H. Martin, C.B.E., Ph.D. 
Professor D. M. Myers, B.Sc., D.Sc.Eng. 
Profrssor M. L. Oliphant, M . .t\., Ph.D., D.Sc., LL.D., 

F.R.S. 
H. B. O'Malley, B.Met.E. 
Sir David Rivett. K.C.M.G., M.A., D.Sr., F.R.S. 
Professor S. M. Wadham, M.A., Agr.Dip. 

3. STA'rE COMMITTEES. 

New Sou.th Wales. 
Professo1· J. P. Baxter, O.B.E., B.Sc., J'h.D. 

(Chairman). 
Emeritus Profossnr Sir Henry Ilarraclo·ugh, K.B.E., 

V.D., B.E., M.M.E. 

F. S. Brndhurst. 
V. J. F. Brain, B.E. 
J. N. Briton, B.Sc., B.E. 
Sir Harry Brown, C.M.G., M.B.E. 
Professor II. R. Carne, D.V.Sc. 
S. F. Cochran. 
The Hon. 0. McL. Falkiner, M.L.C. 
W. R. Hebblewhite, B.E. 
E. L. S. Hudson. 
The Hon. Sir Norman Kater, M.L.C., M.n., Ch.M. 
J. F. Litchfield. 
.Professor P .R. McMahon, M.Agr.Sc., Ph.D. 
Professor J. R. A. Mc}Iillan, D.Sc.Agr., M.S. 
Emeritus Professor Sir John Madsen, B.E., D.Sc. 
J. Merrett. 
C. St. J. Mulholland, B.Sc. 
Professor D. j\f. Myers, B.Sc., D.Sc.Eng. 
R. J . Noble, B.Sc.Agr., M.Sc., Ph.D. 
R. P. Okeden. 
J. G. Peake. 
A. R Penfold, A.S.T.C., F.R.A.C.I. 
Professo1· D. vV. Phillips, B.Sc., Ph.D. 
H.F. Prell. 
L. A. Pockley, B.V.Sc. 
Associate Professor F. H. Reuter, Ph.D. 
T. C. Roughley, B.Sc. 
J. P. Tivey, B.A., B.Sc., B.E. 
J. Vernon, B.Sc., Ph.D. 
Emeritus Professor W. L. Waterhouse, M.O., D.Sc.Agr., 

D.I.C. 
Emeritus Professor R. D. Watt, M.A., B.Sc. 
C. M. Williams, .O.B.E. 

Victoria. 
R. S'. Andrews, D.Sc. (Chairman). 
D. T. Boyd, C.M.G. 
N. K. S. Brodribb, C.Il.E., F.R.I.C., M.I.P.E., 

A.R.A.C.I. 
L. B. Bull, C.B.E., D.V.Se. 
Sir Macfarlane Burnet, M.D., Ph.D., F.R.S. 
J. R. S. Cochrane, B.Sc. 
G. A. Cook, O.B.E., M.C., 1.LSc., B.M.E. 
Professor J. N. Greenwood, D.Sc .. M.Met.E. 
Sir Russell Grimwade, C.D.E., B.Sc. 
Emeritu;, Profefsor E. J. Hartung, D.Sc. 
I:I. Herman, D.Se., MJvLE., B.C.E. 
Professor E. S. Hills, D.Sc., Ph.D., D.I.C., F.R.S. 
R. A. Hunt, D.S.O., B.C.E. 
Associate Professor G. W. Leeper, M .. Sc. 
Emeritus Prnfes$or Sir Peter MacCallum, M.C., M,~<\., 

M.Sc., M.B., Oh . .B. 
D. Mackinnon. 
I. JvI. :McLennan, B.E.E. 
Professor L. H. Martin, C.Il.E., Ph.D. 
H. A. Mullett, B.Agr.Sc. 
G. 13. O'Malley, B.Met.E. 
Sir David Rivett, K.C.M.G., M.A., D.Sc., F.R.S. 
D. E. Thomas, D.Sc. . 
Professor J . S . Turner, M.A., Ph.D., M.Sc. 
Professor S. M. W aclham, M.A., Dip.Agr. 
W. E. Wainwright.. 
L. J. Weatherley, M.A. 
Emeritus Professor H. A. Woodruff, B.Sc. 

Qiteensland. 
A. F. Bell, M.Sc., D.I.C. (Chairman). 
Professor T. K. Ewer, B.V.Sc., Ph.D. 
V. Grenning. 
W. A. Gmrn, C.M.G. 
n. L. Hanison. 
Profes,or D. A. Herbert, D.Sc. 
C. H. Jamieson. 
P1•ofrR0"1" T. G. H. Jones, D.Sc. 
N. J. King. 
A. McCulloch, M:.E. 
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Professor W. V. Macfarlane, M.A., M.D., Ch.B. 
0. 0. Madsen, M.L..A. 
J. F. Meynink. 
J. Michehnore. 
I. W . .Morley, B.M.E., B.Met.E. 
0. E. J. Murphy, M.D., M.Ch.M. 
Professor M. Shaw, M..E., M.Mech.E. 
B. :Flewell-Smith. 
Professor W. Stephenson, B.Sc., Ph.D. 
W. A. T. Summen·ille, D.Sc. 
Professor L. J . H. Teakle, B.Sc.Agr., M.S., Pl1.D. 
S . .A. Trout, M.Sc., Ph.D. 
II. C. U rqt1hart, 11'1.Sc. 
R. V citch, B.Sc.Agr., B.Sc.For. 
Profeswr H. O. Webster, D.Sc., Ph.D. 
W. Webster, B.V.Sc. 
Professor F. T. M. White, B.Met.E., B.E. 
M. White, M.Sc., Ph.D. 
Associate Professor F. ·W. Whitehouse, D.Sc., Ph.D. 
W. Young. 

South Australia. 
Professor J. G. Wood, Ph.D., D.Sc. (Chairman) . 
A. J. Allen. 
B. H. Bednall, B.S-c. 
A . .R. Callaghan, CJvLG., B.Sc., B.Sc.Agr., D.Phil. 
Professor D. G. Catcheside, M.A., D.Sc., F.R.S. 
S. B. Dickinson, M.Sc. 
Emeritus 1~rofcssor Sir Kerr Grant, M.Sc. 
0 . I-Iaselgrove. 
J. C. Hawker, B.A. 
D. R. Hawkes. 
0 . H. Heinrich. 
J>rofessor L. G. H. Iluxley, M.A., D.Phil. 
W. S. Kelly, O.B.E. 
R. N. McCulloch, M.B.E. D.Sc.(li.gr.), B.Sc. 
H. R. Marston, F.R.S. 
Emeritus Professor Sir Douglas Mawson, O.B.E., D.Sc., 

B.E., F.R.S. 
Professor M. L. Mitchell, M.Sc. 
F. W. Moorhouse, M.Sc. 
l'. T. Peny, M.B.E. 
Prof~sor J. A. Prescott, O.TI.E., D.Sc., F .R.S. 
Professor E. A. Rudel, A.M., B.Sc. 
W. L. Sanderson, O.B.E., M.C., C. de G. 
E. :M. Schroder. 
A. 11'1. Simpson, B.Sc. 
Professor E. C. R. Spooner, B.E., D.Sc., D.Phil. 

Wes tern Australia. 
Professor E . J. Underwood, Il.Sc.(Agric.), Ph.D. 

(Chairman). 
Professor N. S. Bayliss, Il.A., B.Sc., Ph.D. 
H. Bowley. 
F. G. Brind.0 en. 
D. W. Brisbane. 
C. R. Hunning, B.C.E. 
Professo1 C. J. Birkett Clews, B.Sc., Ph.D. 
Professor K. L. Cooper, B.Sc., M.A. 
A. J. Fraser. 
V. ,J. Griev(\ ::M:.Sc., Ph.D. 
P. 11. Harper, B.A. 
A.. C. Harris, B.Sc. 
G. K. Baron-Hay, M.C., TI.Sc. (Agr.). 
Sir Edward Lefroy. 
Sir Langlois Iefroy, lvLC. 
Il. Meecham. 
Professor R. T. Priclcr, B.Sc., rh.D. 
Emeritus Professor A. D. Ross, C.B.E., M.A., D.Sc. 
H. P. Rowleclge. 
W. J . Rusrnll. 
G. L. Sutton, C.M.G., D.Sc.Agr. 
D. 0 . Temby, B.E. 
N. Temperley. 
Professor H . Waring, D.Sc. 

F.5500/55.-1O 

Tasmania. 
S. L. Kessell, J'iLB.E., M.Sc., Dip.For. (Chairman), 
Professor H. N. Barber, M.A., l'h.D. 
L. R. S. Benjamin. 
K. Broclribb. 
Professor A. Burn, M.Sc., B.E., LL.D. 
A. H. Crane, B.Sc. 
F . H. Foster, B.C.E. 
T. A. Frankcomb. 
F. W. Hicks. 
N. S. Kirby, B.E. 
A. W. Knight, M.E., B.Sc., B.Com. 
F. H. Peacock. 
The Hon. Sir Rupert Shoobridge, M.L.O. 
H. B. .Somerset, M.~c. 

4. Co:.n.rrTTEE OF HEVIEW-AGRICULTuRAL AND 

P ASTORAL PnonLEMS. 
Sir Ian Olunies Hoss, C.M.G., D .V.Sc., C.S.I.R.O. 

(Chairman) . 
C. S. Christian, B.Sc.Agr., M.S., Laud Research and 

Regional SurYey .Section, C.S.l.R.O. 
H. 0 . Forster, M.Agr.Sc., Ph.D., C.S.I.RO. 
0. H. Frank<'!, D.Sc., D . .c\gr., F.H.S., Division of Plant 

Industry, C.S.I.R.O. 
D . .A. Gill, M.R.C.V.S., D.V.S.M., I'ivision of Animal 

Health and Productiou, C .. S.I.R.O. 
I-I. R. 1\Iarston, F.R.S., Livision of Biochemistry and 

General Nutrition, C.S.I.RO. 
A. ,J. Nicholson, D.Sc., Division of Entomology. 

C.S.I.TI.O. 
F. N. Ratcliffe, B.A., Wildlife Survey Section, 

C.S.I.R.O. 
J. K. Taylor, B.A., lLSc., B.Sc.Agr., Division of Soils, 

C . .S.I.KO. 
W. Ives, 11.Ec., C.S.I.R.O. (Secretary) . 

5. CoJ1rl',WNWEALTn RESEARCH ST.ATION, MERBEIN

TECHNICAL Coi\DHTTEE. 
Professor J. A. Prescott, C.D.E., D.Sc., F.R.S., Waito 

Agricultural Resea rch lustitute, University of 
Adelaide (Chairman). 

L.A. T. Balbrcl, Ph.D., M.Agr.Sc., Division of Plant 
Industry, C.S.I.R.O. 

C. Barnard, D.Sc., Division of Plant Industry, 
C.S.I.R.O. 

E. J. Casey, Commonwealtl1 Dried Fruits Control 
Board. 

D. W. Cockroft, representing Consultative Committee. 
P. 1vialloch, M.B.E., Commonwealth Dried Fruits Con

trol Board. 
J. IC. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 

C .. S.I.RO. 
F. P enman, MSc., Commonwealth Research Station. 

C.S.I.R.O., :Merbein (Secretary). · 

6. Cm.r.MONWEALTH R:EsEAncn STATION, MERDEIN

C'oNSULTA'rrvE CoMi\II'fTEB. 
D. W. Cockroft, N yah-W oorinen Enquiry Committee 

( C'hainnan) . · 
L. W. Andrew, Waikeric, South Australia. 
G. Black, Hobiuvale. 
1:-I. Broadfoot, Department of Agriculture, New South 

Wales. 
J. Butler, Dried Fruits Association, Woorinen, Vic-

toria. 
A. E. Cameron, Reel Cliffs Settlement. 
E. J. Casey, representing Technical Committee. 
R. T. Cock, Curlwaa Fruitgrowers' Association. 
C. E.. Cole, B.Agr.Sc., Department of Agriculture, Vic

toria. 
R. Drmn;n~ud, B._C.E.1 State Rivers and Water Supply 

Cornrn1ss1on, V 1ctorrn. 
W. V. Ford, :M:ildura Packers' .Association. 
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J. R Gordon, Citrus Growers' Association, Merbein. 
W. B. Hnwson, First Mil<lura Irrigation Trnst. 
A. E. Hazel, Dried J<'ruits Association, Red Cliffs. 
S. Heaysman, Coomealla, New South Wales. 
G. Hobson, Nyah-"\Voorinen Enquiry Committee. 
FL Jackson, W nkool Land-Use Committee. 
P. Malloch, M.B.E., representing Technical Committee. 
R 0. Polkinghorne, Nyah-Woorinen Enquiry Com-

mittee. 
H . Robinso11, W nkool Lnnd-U se Committee. 
A . .Seekamp, Loxton North, South Australia. 
J . L. Showell, Renmark, Irrigation Trust. 
A. G. Strickland, C.B.E., M.Agr.Sc., Department of 

Agriculture, Sout.h Australia. 
A. L. Tisdall, M.Agr . .Sc., State Rivers and Water 

Supply Commission, Victoria. 
E. S. West, B.Sc., 1LS., Irrigation Hesearch Station, 

C.S.I.R.O., Griffith, New South Wales. 
F. Penman, M.Sc., Commonwealth Research Station, 

C . .S.I.R.O., Merbein (Secrefnry). 

7. W,moor. LAN.o-UsE CoMMITTEE. 
F. Pe11man, M .Sc., Commonwealth Research Station, 

C.S.I.R.O., Mcrbein (Chairman). 
F. J. Hollins, Wakool .Listrict I:mdl10lders' Associa

tion (Deputy Chairman). 
F. Bock, Tullakool. 
F. I. Bolton, Water Conservation and Irrigation Com

mission, New South Wales. 
R. J. Hanson, Rural Bank of New South Wales, 

Dcniliquin. 
C. Hood, H.D.A., Depnrtm.ent of Agriculture, :New 

South Wales. 
R. W. Horn, Water Conservation and Irrigation Com

mission, N cw Sout.h Wales. 
K. Howe, H.D.A., Rural Bank of New South Wales, 

Deniliquin. 
L. A. Jeffers, W ukool District Landholders' Association. 
D. F. Keely, H.D.L\., Department of Agriculture, New 

S01tth Wales. 
N. Macauley, Wakool Shire Council. 
W. McDermott, W akool District Landholders' Associa

tion. 
R. W. Prunster, B.Sc.(Agric.), Regional Pastoral 

laboratory, C.S.I.R.O., Deniliquin. 
W. ll. A . .Smith, "\Vakool District Landholders' Associa

tion. 
D. Thomas, Wakool District Landholders' Associatio11. 
FI. Jackson, W akool District Landholders' .Association 

(Secrefory) . 

8. Inmo,\TION HESEAUCH STATrnx, GRIFFITH
TECHNICAL Co~n.H'J'TEE. 

H. N . England, B .Sc., Water Conservation and Irriga
t ion Couuuission, New .South Wales. 

0. H. Frankel, D.Sc., D.Agr., F.Il.S., Division of Plant 
.Industry, C.S.I.R.O. 

.F. P ennrnn, :i\LSc., Commonwealth Research Station, 
O.S.I.R.O., Merbcin. 

Professor J. A. Prescott, C.B.E., D.Sc., F.R.S., ·waite 
Agricultural Uesearch Institute, University of 
Adelaide. 

J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
C.S.I.R.O. 

\T. 0 . "Williams, representing Irrigo.tion Research and 
Extension Committee: 

E. S. West, B.Sc., 1\1.S., Irrigation Research Station, 
C.S.J.R.O., Griffith (Secretary). 

H. T1mro,1-r10N R1':SRAUCll AND ExTJ<:Ns10N Oo1u11T'.r:&1: 
. (Mu1mu~rnrnoEE Imno.A'l'ION AnEAs). 

V: 0 . Williams, Griffith Producers' Co-operative Society 
( Chai1·1ncin) . 

J\. E. Bowmaker, 11ice Growers' Association, Leeton. 
E. S. Clayton, H.D.A., Soil Conservation Service, New 

South Wales. 

P. Crook, M.LA: !: istrict Council of Extension Groups, 
Hanwood. 

G. S. D enne, lYLI..A., District Council of Extension 
Groups, Leeton. 

H. N. :England, B.Sc., Wate!' Conservation and Irriga
tion Oomruission, New South Wales. 

B. 0. French, B.Sc.AgT., Department of Agriculture, 
New Sou th Wales. 

G. E. B. Good, Rural Bank of New South Wales, 
Leeton. 

J. E. Harris, Leeton Fruit Growers' Co-operative, 
Leeton. 

S. J. Hinton, Rice Growers' Association, Leeton. 
W. N. Hogan, M.I.A., District Council of Extension 

Groups. 
H. J. Hynes, D.Sc.A.gr., M.S., Department of Agricul

ture, New South Wales. 
.E. R. Iredale, Rum! Bank of New South Wales, 

Syduey. 
G. B. Lowe, L:.>eton Co-operative Cannery Ltd. 
R. McCleary, M.I.A., Vegetable Growers' Association, 

Leeton. 
K. B. MacFarlaue, Water Consenration and Irrigation 

Commission, New South Wales. 
Professor J. R. A. Mc:Millan, D.Sc.Agr., J\LS., Uni

versity of SydneJ'. 
F. Penman, M . .Sc., Commonwealth Hesearch Station, 

O.S.I.RO., U erbein. 
R. W. Pruuster, B.Sc.(Agric.) , Regional Pastoral 

Laboratory, C.S.I.R.O., J 'e11iliquin. 
Cl. E. Sharnm, Hice Growers' Association, Griffith. 
A. B.. Skcpper, H.D.A., Department of Agriculture, 

Leeton, New South Wales. 
P. V. Walters, M.Agr.Sc., Depat·tment of .Agriculture, 

New South Wales. 
E. S. West, B.Sc., M.S., Irrigation R esearch Station, 

O.S.J .R.O., Griffith. 
A. ,J. Grassby, Department of Agriculture, New South 

Wales (Secretary). 

10. RF.GIONAI, PASTOR-AL L.HJOU,\'l'ORY, DENIT,IQUIN
TECHNICAT. Co:1nu-r-rE1•:. 

0. II. Frankel, D.Sc., j >.Agr., F.R.S., D ivision of Plant 
Industry, C.S.I.R.O. 

L.B. Bull, C.B.E., D.V.Sc., JJi\'ision of Animal Health 
and Production, O.S.I.R.O. 

H . N. England, B.Sc., Water Conservation and Irriga
tion Commission, New South W ales. 

T. J. Marshall, M.Ag.Sc., Ph.D., Di,·.ision of Soils, 
C.S.I.R.O. 

lI. n. Marston, F.H.S., Division of Biochemistry and 
General N utl'ition, C.S.I.R.O. 

A. ).forgan, B..L\gr.Sc., Department of Agriculture, 
Victorin. · 

F. Penman, M.Sc., Oonnnonwealth Research Station, 
C.S.I.R.0., .Merbein . 

,J. K. Taylor, Il.A., M.Sc., B.Sc . .tlgr., Division of Soils, 
C.S.I.R.O. 

,\. L. Tisdall, :M.Ag.Sc., State Rivers a11d Water .Supply 
Commission, Victoria. 

A . .T. Vasey, B.Agr.Sc., Division of Auima.l Health and 
Production, C.S.I.R.O. 

(J. IL V c>ars, B.Sc .. t gr., lJepartme11t. of Agriculture. 
New South Wales. 

E. .S. West, B.Sc., M.S., Irrigation Hesearch StatiouJ 
C.S.I.R.O., Griffith. 

R. vV. Prunster, B.Sc.(Agric.), Hegional Pastoral 
Laboratory, O.S.I.R.O., Deniliquin (S ecretary). 

11. REGlOl'\AJ. P ASTORAL LADOltATOUY, DENILIQUlN
CoNSUL'rATIYE Co?ln,IITTEE. 

0. H. Frankel, D.Sc., D.Agr., F.R.S., Division of Plant 
Industry, C.S.I.H..O. 

T. S. Austin, Austin Wanganella Stud, W anganella, 
New South Wales. · 
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}', I. Bolton, Water Conservation and Irrigation Com
mission, New South Wales. 

D. T . Boyd, C.M.G., Woorooma East, Deniliquin, New 
.South Wales. 

T. L. Bull, Audley-street,, Narrandcra, New South 
Wales. 

N. W. Crosbie, Belvedere Park, Berriquin Irrigation 
District, :Finley, New South Wales. 

E. R. Ennals, Cobram Irrigation District, Cobram, 
Victoria. 

A. Morgan, B.Agr.Sc., Dcpa1'tment of Agriculture, 
Victoria. 

A. L. Tisdal!, M.Agr.Sc., State Rivers and Water 
Supply Commission, Victoria. 

A. H. Varcoe-Cocks, Harfleur-street, Deniliquin, New 
South Wales. 

C. K. Vears, B.Sc.Agr., Department of Agriculture, 
New South Wales. 

J. Woodside, Boree Plains, Benerembah Irrigation 
I~istrict, Griffith, New South Wales. 

R. W. Prunster, B.Sc.(Agric.), Regional Pastoral 
laboratory, C.S.I.R.O., Deniliquin (Secretary). 

12. lh:010NAJ. PAsT01iAL L ADOnATORY, AnMID.\LE-

TECHNICAL Co11nUTTEH. 

D. A. Gill, M.RO.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. (Chairman). 

L. B. Bull, C.B.E., D.V.Sc., Division of Animal Health 
and Production, O.S.I.H.O. 

J. G. Davies, B.Sc., Ph.D., Division of Plant Industry, 
C.S.I.R.O. 

G. Edgar, B.V.Sc., Department of Agriculture, New 
South Wales. 

0 . H. Frankel, D.Sc., D.Agr., 1•'.R.S., Division of Plant 
Industry, C.S.I.R.O. 

H. A. Grantham, H.D.n., Department of Agricultme, 
New Sonth Wales. 

R. Hoc, B.Sc. (Agric.), Division -0f Plant Industry, 
c.s.r.n.o. 

C. K. V ca rs, B.Sc. Agr., Departrnent of Agriculture, 
New South Wales. 

J. F. Bar rett, B.\T.Sc., D ivision of .Animal Health and 
Production, C.S.I.R.O. (Secretary). 

J 3. lb:olONAL PAS'i'OllAL LAuoru TORY, AlD[IDAT.E

CoNSUL'l'A'nvE CoMl\UTTEE. 

H.F. White, Graziers' Association of New South Wales 
(Chairman). 

A. U. Atkinson, Council of Adrice to the Pastures 
Protection Board, New South Wales. 

A. G. Brett, Grnziers' Association of New Soutl1 
Wales. 

J. G. Davies, B.Sc., Ph.D., DiYision of Plant Indnstr,v, 
O.S.I.R.O. 

L. P . Dutton, Council of .c\dvice to the Pastures Pro
tection Board, New South Wales. 

G. Edgar, D.V.Sc., Department ,of Agriculture, New 
South Wales. 

G. E. F orste.r, Urnzier.s' .Asso~iation of N cw South 
Wales. 

D. A. Gill, M.TI.C.V.S., D.V.S.M., Division of Animal 
Health and Production. C.S.I.R.O. 

H. A. Grant.lrnm, H.D.A., Department of Agriculture, 
N ew Sonth Wu!es. 

R. B. :M:adgwick, M .Ec., D.Phil., University of New 
England. 

E. C. Powell, H.D.A., New England Regional De\'elop
. ment Committee. 
R. Roe, B .Sc. (Agric.), Division of Plant Industry. 

c.s.r.n.o. 
W. W. Schlmtlrn, Northern N ew South Wales Farmers' 

Union. 
C. K: Venrs, B.Sc.Agr.1 Department of Agriculture, 
: New South Wales. 

A. H. V-0isey, D.Se.1 University of Ne.w England. 
A. W. Weller, Northc.rn New South Waies Farmers' 

Union . 
J. F. Barrett, B.V.Sc., Division of Animal Health and 

Production, C.S.I.H.O. (Secretary). 

14. REGION"AL PASTORAL LAJJOR,\TORY, AnMID.\LE-

R1,si::Ancn Coll-!MlT'rEE. 

C. L. McClyrnont, B.V.Sc., Ph.D., University of New 
England ( Clwirmrm). 

R. Roe, B.Sc. (Agric.), Division of Plant Industry, 
C.S.I.R.O. (Deputy Uli airman) . 

A. T. Dick, D.Sc., Division of Animal H ealth and 
Production, ·C.S.I.R.O. 

0. H. Frankel, D.Sc., D. Agr., F.R.S., Division of Plant 
I ndustry, C.S.I.R.O. 

D. A. Gill, M.RC.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. 

R H. Madgwick, M.Ec., D.Phil., University of New 
Eugland. 

A. F. O'Farrell, TI.Sc., A.R.C.S., F.R.E.S., University 
of New England. 

J . F. Barrett, B.V.Sc., Divisicn of Animal Health nnd 
Production, ,C.S.I.R.O. ( SecrefoTJJ and Executive 
Officer) . 

15. "Gu.RUTH PLAINS " TECHNICAL CoMMITTEE. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
He;1lth and Production, C.S.I.R.O. 

A. A. Dunlop, li.Agr.Sc., Ph.D., Division of Animal 
Health and Production, C.S.I.R.O. 

0 . H. Frankel, D.Sc., D.-~gr., F.R.S., Division of Plant 
Industry, C.S.I.R.O. 

W. A. T. Snrnmel'l'ille, D .Sc., Department of Agricul
tun' and Stock, Queensland. 

Mi~s H. N. Turner, D.Ar(•h., Division of Mathematical 
Sta tis tics, C.S.I.Il.O. 

,v. ·wcbstcl', B.V.Sc., Department of Agriculture and 
Stock, Queensland. 

C'. IL S. Dolling, 13..Ag.Sc., Division of .Animol Health 
:rnd Production, C.S.I.RO. (Secretary), 

16. ,T OJKT Br.owr,•r.y C ONTROL Co11onTTEE. 

H. G. Belschner, D.V.Sc., Department of Agriculture, 
N.S.W. 

G. Edgar, B.V.Sc., Department of Agriculture, New 
South Wales. 

.A. J. Nicholson, D.Sc., Division of Entomology, 
C.S.I.R.O. 

F. II. S. Roberts, D.Sc., Division of Animal H ealth and 
Pro<lnction, C.S.I.R.O. 

G. J. Shanahan, RSc.Agr., Department of Agriculture, 
New South Wales. 

W. ,vebster, B.V.Sc., Department of Agriculture and 
Stock, QuP.cnsland. 

D. A. Gill, J.LR.O.V.S .. D.V.S.nL Divisioil of Animal 
Health and Production, C.S.I.R.O. (Sec1·etary). 

17. JOINT Vn·FmNARY P,11uSIT01..001 C o11nnTTEE. 

W. vVebster, B.V.Sc., Dei:artmcnt of .Agricnlture and 
Stock, Queensland (Chairman) . 

,I. Legg, B.Sc., D.V.Sc., }f.R.C.\T.S., Department of 
Agriculture and Stock, Q.trecnsland . 

IL Il. Norris, M.Sc., Division of Entomology, 
C.S.I.R.O. 

F. H. S. Roberts. D.8c .. Division of Animal Health and 
Production, C.S.I.Il.O. 

P. H. Durie, M.Sc., Division of Animal Health and 
Production, C.S.I.H.O, (Secretary). 
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18. ADvr:::onY Co:r,nuTTEE ON Fnu1T CooL STOUAGE 
lNVESTTGATIONS IN NEw Soun-1 VVALES, 

J. R. Vickery, M.Sc., Ph.D., Dirisi0n of.Food Preserva
tion and Transport, C.S.l.R.O. (Chairman). 

F. T. Bowman, 13.Sc.l\.gr., ..M..Sc., r~h.D., Department of 
Agriculture, New 8outh Wales. 

JI. Broadfoot: Department of Agriculture, New South 
"\-Vales. 

Professor R L. Crocker, M.Sc., Pli.D., Department of 
Botany, University o! Sydney. . .. 

R N. Robertson, B.!::ic., 1.-'li.D., D1v1S1on of Food 
Preserrntion and Transport, C.S.I.R.O. 

R. B. Withers, M.Sc., Dip.Ed., Division of Food 
Preservation and Transport, C.S.I.R.O. (Secretary). 

19. Co!ln.IITTEE FOR Co-onDINATION OF FnuIT ,\ND 

VEGE'l'AnLE STORAGE lb:sJ:,ARCH. 
A. G. Strickland, C.B.E., M.Agr.Sc., Department of 

.Agriculture, South .Australia l <.,'/wirmun). 
W. J. Bettenay, B.Sc. (Agric.), Department of Com

merce and Agriculture, M.elbourne. 
0 . E. Cole, l:J.Agr.8c., Department of Agriculture, 

Victoria. , , 
D. 1ual'tln, M.Sc., Division of Plant Industry,' 

·C.S.I.RO. 
F. Melville, B.Sc., Department of Agriculture, Western 

Australia. 
T. D. Haphael, M.A., Dip.Hort.(Cantab.), Department 

of Agriculture, Tasmania. 
TI. N . R obertson, B.Sc., Ph.D., Division of Food 

Preservation and Trnnsport, C.S.l.RO. 
S. M. Sykes, B.Sc.Agr., Department of Agriculture, 

New 8outh Wales. 
S. A. Trout, ..M.8c., Ph.D., Department of .Agricultlll'c 

and Stock, Quccndand. 
R. D. Withers, l\1.Sc., Dip.Ed., Di,·ision of Food 

Presenation and Transport, C.S.l.RO. (Secrelai·y). 

20. CoNSULTATl\'E C-0M~IJTTEE ON :Foou INvEsnoa'l'ION 
AND STAN IJAI!DS, 

J. R. Vickery, M.Sc., Ph.D., Di,·ision of Food Preserva
tion and Transport, C.S.l.R.O. (C:lwirman). 

W. J. Dettenay, .13.Se.(Agric.), Department of Corn· 
merce and Agricultlll'c, .Melbourne. 

E. W. Hicks, .B.A., B.Sc., Di,·ision of Food Preservation 
and Transpo1·t, C.S.l.ILO. 

G. Loftus h ills, 13..Agr.Sc., Duiry Research Section, 
C.S.I.R.O. 

II. le ·.t.11 .. cy, B.V.Sc., Department of Commerce and 
. Agriculture, .Mclbomnc. 

R. ~·. Turnbull, B..E., Di\'ision of Fore~t l'roducts, 
C.S.I.R.O. 

W. J. Wiley, D.Sc., Department of Commerce and 
Agriculture, Melbourne. 

n. B. Withers, .M.Sc., Dip.Ed., Dirision of Food 
Presen a tion and Transport, C.S.I.RO. (Secretary). 

21. COJ\Il\IITTEE Fon Co-onntN ATION OF RESEAHCll GN 

.Fni:rr AND V1::nETABLE Pnoc;:ssnw. 
J. R. Vickery, i\l.Sc., Ph.D., Dirision of ~'ood Preserva

tion aud .ti-ansport, lJ.1:) . .t.KU. (Chairman) . 
J. D. Bryden, H.l• . ..:L, Department of Agriculture, N cw 

South Wales. 
J. 1". Keiford, .M.Sc., Dil'ision of Food Prcscrrntion and 

Transport, C.S.l.H.O. . 
L. J. lynch, B.Agr.Sc., Division of Food Prescnnt1011 

and 'l'ra us port, C.S.l.R.O. 
D. McG. Mclkan, TI.Sc., Division of F ood Prcserrntion 

and Transport. C.S.l.ll.O. 
A. C. Orman, H .D.A., Department of Agriculture, 

New South Wales. 
H. R. Richarclsou, B.Sc.Agr., Department of Agricul• 

tun', New South 1"\Tales. 
S. }.f. Sykrs, B.S'.'.Agr., Department of .Agriculture, 

New South Wales. 
H. B. Witl1ers, M.Sc., Dip. Ed., Division of Food 

Preservation and Transport, C.S.I.R.O. (Secrelary ). 

22. DnrnD FnuITs PnocESSINo CoMl\IJTTEE. 

A. G . S trickland, C.B.E., M.Agr.Se., Department of 
Agriculture, South Australia (Chairman). 

J. D. Bryden, H.D.A., Department of Agriculture, 
New South 1Yales . 

. F. H. Colbey, Department of Commerce and Agricul
ture, Adelaide. 

J. 11.L Davidson, B.V.Sc., Department of Commerce and 
Agriculture, S,ydney. 

W. R. J ewell, :M.Sc., B .Met., Department of Agricul
ture, Victoria. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.I.R.O., llerbein. 

D. G. Quinn, R.D . .A., Department of Agriculture, 
Victoria. 

J. H. Vickery, M.Sc., Ph.D., Division of Food Preserva
tion and Transport, C.S.J.H..O. 

B. G. Coombe, B.Agr.Sc., Department of Agriculture, 
South A ustralia (Secretary). 

23. AnvrsonY Co!lrMITTEE ON FRUIT STORAGE 
lNVESTIGATio:-.s IN VICTOIUA. 

C. E. Cole, B.Agr.Sc., Department of Agriculture, 
Victoria ( Convenor and Secretary) . 

S. Fish, }.II.Agr.Sc., Department of Agriculture, 
Victoria. 

R N. Hobertson, B.Sc., Pl1.D., Di,·ision of Food 
Prcserrntion and Transport, C.S.l.R.O. 

J. R. Vickery, 11'1.Sc., Ph.D., Division of Food Preserva
tion and Transport, C.S.I.R.O. 

24. M1rnunA DISTRICT Dnrnn VINE FnutTs PnocEssrNo 
Co:1u11TTEE. 

A. R. llampton, representing :Mildura Packers' .A.sso• 
cia tion (Chair-man). 

A. E . Hazel, Dried Fruits Association, Red Cliffs, 
Victoria. 

N. A. Johnson, Irymplc, Victoria. 
K. H. C. McCallum, Heel Cliffs, Victoria. 
1-\. R. McDougall, Merbein, Victoria. 
S. R Mansell, Mildura, Victoria. 
F. P<>nman, .M.Sc., Commonwealth Research Station, 

C.S.I.R.O., 1\l erbcin. 
D. G. Quinn, RD.A., Department of Agriculture, 

Victoria. 
R. J. L. :Martin, :M.Sc., Ph.D.. Commonwealth 

Research Station, C.S.I.R.O., Merbcin (Secretary) . 

25. P ,\sTutrn PESTS Anv1sony Co::-rMITTEE, WESTERN 
A US TIU LI.A. 

Sir Edward Lefroy (Chairman). 
C. ]?. Jenkins, M.A., Department of Agriculture, 

Westem Australia. 
I. Thomns, Department of Agriculture, Western 

Australia . 
P1·ofessor E. J. Underwood, D.Sc.(.A.gric.), Ph.D., 

Unhersity of Westrrn Australia. 
A. J. N icholson, D.Sc., Division of Entomology, 

C.S.I.R.O. 
11[ M. II. Wallace, B.Sc., Division of Entomology, 

C.S.I.R.O. 
R. P. Roberts, M.Sc. ( Agrie.), Department of .Agri• 

culture, Western .Australia (Secretary). 

20. CoirMI'J'TEE ON 0 P.NOLOOICAL RESEAnCII. 

Professor J. A. Prescott, C.B.E., D.Sc., F.R.S., repre• 
senting C.S.I.H.O. (Chainnan), 

Profe>sor J. n. Cleland. M.D., Ch.M., representing 
the Un iversitv of Adela i(le. 

C. P . ITaselgro,~e, representing the Federal Viticul turul 
Council. 

II. R Haselgrovc, representing the Australian Wine 
'Board. 
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27. FuEL ll:i:;sEARCH Anvrsony Cor.n.nTTl':E, 

R. S. Andrews, D .Sc., Gas and Fuel Corporation of 
Victoria (Chairman). 

H. Il. Brown, H.Sc.(Eng.), Coal Research Section, 
C.S.I.R.O. 

S. B. Dickinson, M.Sc., Department of Mines, South 
Australia. 

R. P. Donncll_y. Government Chemical Laboratory, 
Western Austrnlia. 

J. n. Duggan, B.Sc., RE., Colonial Gas Association, 
Melbourne. 

A. B. Edwai·d~. D.Sc., Ph.D., Mineragraphic Invcstigo.
tions, C.S.I.R.O. 

Professor T. G. Hunter, B.Sc., Ph.D., University of 
Sydney. 

C. n. Kent. B.Sc .. Ph.D., D.I.C., Electricity Authority 
of New South Wales. 

Professr·· C. E. Marsha 11, Ph.D., University of Sydney. 
L. ,J. Hog-ers, M.Sc., B.E., Department of National 

Den,lo1omrnt. 
I. W. Wark, D.Rc>., Ph.D., Division of Industrial 

Chemistr:v, C.S. I.RO. 
F. W. G. White, C.D.E .. M.Sc., Ph.D., C.S.T.R.O. 
G. R Gresford, TI.Sc., .A.M.T.C., C.S.I.R.O. 

(Secretary). 

28. MELnounNE Om,-nni;:~smo S un-co MJIUTTEE. 

M. A. Mawby, F.S.T.C., D.SC'.(Honornry), Zinc Cor
pnration Ltd .. Mclhonrne (Chrrirman) . 

W. E. Barngwnnath, O.B.E., A.S.M.B .. Melbourne. 
Associate Prnfossor H. H. Dunkin, B.Met.E., Depart

mrnt nf Mining, University of 'Melbonrne. 
R B. Mills, B.Sc., Electrolytic Zinc Co. Ltd., Mel

bourne. 
G. B. O'M'alle:v, B.Mct.E., JJc1l10Ul'ne. 
K. 8. TI111skctt, B.E., Ore-dressing Investigations, 

C.S.I.R.O. (Secretary), 

29. KAr.noonLm MrnrNo Anvrsony Sun-collnnTTEE. 

E. E. Bri~banc, B.C.E., Department of Mines, Western 
Anstr,:il ill. 

R. C. Bnrkrtt, B.E .. Lake View and Star Ltd., Kal
goorl ir. Western Anstra l ia. 

R. A. Hobson, TI.Sc., School of Mines, Kalgoorlie, 
Western Australia. 

A. A. Jlfc>Lrnd. M.Aus.T.M.M .. M.A.LM.E., Nnrth 
Kalgurli (1912) L td., Kalgoorlie, W cstern .Australia, 

30. CoNSUI.TATIYE Cm,-1:t1nTn:r-: ON Bno,vN CoAT, 

TIESEAR<'R AND D.EVF.T.OT'J\tt"NT. 

R. S. Andrr,...,s, D.Sc .. Gas and Fuel Corporation of 
Virtflria (Chairman). 

G. E. BA1·P•rwanath, B.Sc., State Electricity Commis
sinn of Virtorin. 

H. 'R. n,.nwn, B.Sc.(Eng.), Coal R esearch Section, 
C.S.T.R.O. 

E. A. B1•11g!."eman, Dr. Ing., Gas and Fuel Corporation 
of Virt.nria. 

G. B. G,·esford, R.Sr., A.M.T.C., f'.8.I.RO. 
E. A. Hanson, Ph.D., Gas anrl Fuel Corporation of 

Virtoria. 
F. H. Rnherts. Din.M eel1.Enrr .. Din.Elec.Eng., State 

El,,,.tririt:v Commission nf Virtoria. 
R. W. Urie. R.Rr., S.M., Division of Industrial 

01,rmisti-:v. C.8.T.R.O. 
I . W. Wai·k. n.~r .. Ph.D., Division of Industrial 

('ll,pp,istl'V. r,.s.r.n.o. 
F. W. 0 . White. r..RK. M.~". P11.n.. f' .RT.R.O, 
13. E. Mummery, B.Sc., C.S.I.R.O. (Secretary) . 

3J. 1\ftN l"RAl::mA'Pl-l'!C r,l'\MMITTEE. 

F . L. Rtilwell. O.13.E.. n.Sc .. Melbourne. 
W. E. Wainwrirrht. A.S.A.S.M., Australasian I nstitute 

of Mining and Metnllurgy. 

32. ELECTmcAr. REsEAncu BoAno. 

Emeritus Professor Sir John M:cJd~en, RE., D.Sc., 
Unin!rsity of Sydney ( Chairman). 

V. J . F. TI1·ain, B.E., Electricity Authority of New 
Sout.h Wales. 

\V. II. Connolly, Il.E.E., Il.Com., State Electricity 
Commission of Victoria. 

F . . J . Lehany, 111.Se., Division of Elcctrotcchnology, 
C.S.I.R.O. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., Uni1·ersity 
of Sydney. 

F. W. G. White, C.n.E., M.Sc., Pl1.D., C.S.I.TI.O. 
F. G. Nicholls, M.Sc., C.S.I.Il.O. (Conjoi,il Secretary). 
R. C. Richardson, B.E., Division of Electl'Otcchnology, 

C.S.I.R.O. (Conjoint Secrelary). 

33. RADIO RESEARCH BoAno. 

Emeritus Professor Sir John Madsen, B.E., D.Sc., 
Uni1·ersity of Sydney ( Chairman ), 

W. R, Blunden. B.Sc., RE., Department of the Army. 
E.G. Bowen, O.B.E., 1'LSc., Ph.D., Division of Radio

physics, C.S.I.R.O. 
Sir Giles Ch ippindall, C.Il.E., Postmaster-General's 

Department. 
Comdr. (L) R.R. W. Rumbley, R..A.N., Department of 

the Navy. 
Professor L. G. II. Huxley, M.A., D.Phi1., UniYersity of 

Adelaide. 
Group Captain A. G. Pither, R.A.A.F., Department of 

.li ir. 
Professor H. C. Webster, D.Sc., P h.D., University of 

Queensland. 
F. W. G. White, C.D.E., M.Sc., Ph.D., C.S.I.R.O. 
TI. v.d. R. Woolley, 'M'.A., M.Sc., Ph.D., F.R.S., Com• 

monwealth Obscl'l'atory. 
B. E. Murnmery, B.Sc., C.S.I.R.O. (Secretary). 

34. METEOnOLOOWA T, TI ESEAncrr CoNSU LTATJVB 

Oo7'nrrTTEE. 
R. v.cl. R. Woolley, M.A., l\LSc., Ph.D., F.R.S., Com

monwealth Ob~eryator,y ( Cl111irmon) . 
E. G. Bowen, O.Il.E., M.Sc., I'h.D., Didsion of Radio~ 

pl1ysics, O.S.I.RO. 
L. J . Dw:ver, B.Sc., D.P.A., Commonwealth :Mctc-oro

logiea l Srn·icc. 
F. Loewe, Ph.D., Uni,•rrsity of :Melhournf'. 
Emer itus Profo~~or Sir J ohn Mod~cn, D.E., D.Se., 

University of Sydney. 
C. H . B. P1·ie.•tle.v. M.A .. Sr.D., C".~.T.T?.O. 
G. n. Grcsford, B.Sc., A.3.1.T.C., C.S.I.R.O. 

(Secrela1·y) . 

35. CoNsuT,TATIVE CoinnTTEE ON R Amo Tir::sEAncn. 

F. W. G. White, C.D.E., .M.Sc., Pl1.D., C.S.l.R.O. 
(Chairman), 

W. G. Haker, D.Sc.(Eng.), Ionospl1eric Prediction 
Ser\'ire. 

E.G. Bowen. 0.R.R, l\LSc., Ph.D., DiYision of Ra<lio
ph_y8ics, C.S.I.R.O. 

Col. A. W. de Cflnrcey D1·0"·11e. M.T.R.E.(Aust.) , 
A.M.l3rit.I.R.E .. Dep11rtment 0f the Arm,r. 

Il. G. Gates, B.Sc., l'h.D., D.l.C., Dep:irtment of 
Snp11ly. 

Cmdr. (L) R. n. W. Ilumb1ey, R.A.X., Department oE 
tbr :N'11Yy, 

A. H. Knyc, TI.Sc., Telecommunications Adrisory 
Committee. 

H. R. Lon!!', TI.KE.. O,·crscas T clccommunirations 
C0mn1 i~.::ion ( A 11st.). 

N. J. M,·Cn. TI.Sc .. P nstmastrr-G('llf'J'Rl 's ncpadmC'nt. 
.A. J . }frli'rn ,- ic, ~LE.E., Australian Broadcasting 

Control 'Poa rd. 
Emeritus Professor Sir ,Tnl111 'Mndsen, B.E., D.Sc., 

Radio Research Board, C.S.I.R.O. 
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D. F. Martyn, D.::;c., Ph.D., A.R.C.S., F.R.S., Radio 
Research Board, C.S.I.R.O. 

S. A. Mathews, B.Sc., Department of Shipping and 
Transport. 

D. J. Medley, M.Sc., Department of Civil Aviation. 
G. H. M umo, D.Sc., Radio Research Board, C.S.I.R.0. 
R. E. Page, F.I.R.E., .A..M.I.E.(Aust.), Telecommuni-

cations Advisory Committee. 
Group Captain A. G. Pither, R.A.A.F., Department of 

Air. 
L. S. Prior, B.Sc., Bureau of :Mineral Resources, 

Geology and Gcopb,vsics. 
E. J. Stewart, B.Sc., Postmaster-General's Department. 
B. E. Mummery, B.Sc., C.S.I.R.O. (Secretary). 

36. Bun.DING REsgARCH Coi.n..rITTEE. 
I. Langlands, B.E.E., M.Mech.E., Division of Build

ing Research, C.S.I.R.O. (Ghninnan). 
R. E . Banks, B.Sc. (Eng.), Building l{esearch Liaison 

Service, Melbourne. 
S. H. Bastow, B.Sc., Ph.D., C.S.I.R.O. 
A.. L. Brentwood, B.C.E., B.E.E., Department. of 

Labour and Natio11al Service. 
T. J. Cavanagh, Cement and Concrete Association, 

Sydney. 
S. A. Clarke, B.E., Division of Forest Products, 

C.S.I.R.O. 
J. W. Dr;vsclalc, Commonwealth K<i:perimcntal Build

ing- Station, Sydney. 
D. V. Isaacs, M.O.E .. Commonwealth Experimental 

Buii<liug Station, Sydney. 
J. R. Darned, B.Sc., Division of Building Research, 

C.S.I.R.O. (Secretary). 

37. COMMITTEE ON :ilfATHEl'IIATICAL !NSTRUl'IIENTS. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., University of 
S:v<lney (Chairman). 

R. W. Boswell, M.Sc., Long Range Weapons Establish
ment, Department of Supply. 

E. G. Bowen. O.B.K, M.Sc., Ph.D., Division of Radio
physics, O.S.I.R.O. 

Professor T. M. Oheny, B.A., Ph.D., Sc.D., F.H.S., 
UniYersitv of Melbourne. 

Professor :r. C. Jaeger, D.Sc., M.A., Australian 
National Unfrcrsity. 

T. Pearcey. TI.Sc., Division of Radiopl1ysics, C.S.I.R.O. 
Profol'sor T. G. Room, M.A., F.R.S., University of 

S,vdn<>y. 
F. W. 0. Whit<', C.D.E., 1.f.Sc., Ph.D., C.S.I.R.O. 
IT. A. Wills, n.E., D<'f'llrtmrnt of Supply. 
M. BNi 1·,I. B.Sc.. B. E., Division of Radiophysics, 

C.S.I.R.O. (Secretary) . 

88. DELMONT TEcHNTOAL Co:1111nTTEE, 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. (Chairman). 

J. Griffith Davies, B.Sc., Ph.D., Division of Plant 
Industry, C.S.I.RO. . 

W. A. T. Summerville, D.Sc., Department of Agricul
ture and S tock, Queensland. 

W. Webster, B.V.Sc., Deportment of Agriculture and 
Stock, Queensland. 

R. S. Wilson, United Graziers' Association of Queens
land. 

J. F. Kennedy, M.Agr.Sc., Division of Animal Health 
and Production (Secreta.ry). 

XXXIII. STAFF. 
The following is a list of the staff of the 01·ganizatio11 

RS at 3fltb ,Tune, 1955. The list docs not include clerical 
staff, typists, technical assistants, and miscellaneous 
workers. 

1. HEAD OFFICE. 

(Head-quarters : . 314 Albert-street, Rast Melbourne.) 
Chairman-Sir Inn Clunics Ross, C.M.G., D.V.Sc. 

Chief Executiye Officer-F. W. G. White, C.B.E., 
M.Sc., Ph.D. 

Executire Otficer-S'. H. Bastow, D.S.O., B.Sc., Ph.D. 
Assistunt Executive Officer-H. 0. Forster, .M:.Agr.Sc.,· 

Ph.D. 
Secretary (General Admiuistration)-F, G. Nicholls, 

M.Sc. 
Secretary (Industrial and Physical Sciences) and Act

ing Secretary ( Agric-ultural and Biological Sciences) 
-G. B. Gresford, B.Sc., A.M.T.C. 

Secretary (Finance and Supplies)-).£. G. Grace, 
A.A.S.A. 

Assistnnt Secretar,v (S'taff)-D. T. C. Gillespie, M.Sc. 
Assistant Secretary ( Agricultural and Biological 

Sciences)-P. F. Butler, M.Sc.Agr. 
Senior Principal Research Officer-J. E. Cummin~. 

B.Sc., M.S. 
Senior Resen.rch Officer-W. F. E vans, B.Sc. 
Senior Research Officer-J. F. H. Wright, r Sr.. 
Researrh Officer-Miss J. Dunstone, B.Sc., Dir.Ed. 
Research Officer-TI. E. Mummery, B.Sc. 
Technical Officer-J. D. Dover, A.S.T.O. 
Technical Officer- I. D. Pullen, B.Sc. 
E dito·r-ial-

Edi tor- N. S. Noble, D.Sc.Agr., 1.f.S., D.I.C. 
Principal Research Officer-A. E. Scott, M.Sc. 
Senior Research Officer-R. W. Crabtree, B$c. 
Senior Rc.0 earch Officer-Miss }I,[. Walkom. B.A. 
Research Officer-Miss L. F. Plunket,t, B.Sc. 
Research Officcr-G. J. Wylie, B.A., B.Sc. 
Technical Offirer-L. A. Bennett, B.Sc. 
Technical Officer-G. A. Forster, B.Sc. 

Iibrary-
1Cbief Librarian-Miss B. C. L. Doubleday, M.A. 
Librarian-Miss J. Oonochie, B.Sc. 
Librarian-Miss L. J. Davey, B.Sc. 
Librarian-Miss I. J. McPhail, · B.Sc. (at 

Ilrisbane). 
Librarian-Miss H. Storie, B.Sc. 
Union Catalogue of Periodicals, Editor-Miss 

.A.. L. Kent. 
Accounts-

Accountant-D. J. Bryant, A.A.S.A. 
F'inanc-e-

Finance Officer-R. W. Viney, A.A.S.A., A.C.I.S. 
Stock Records-

J.M. Short, A.A.S.A., A.C.I.S. 
Orders ,ind Tra11.~pnrf

V. II. Leonar<l1 J.P. 
Staff-

Staff and Industrial Officer-II. E. Water?lan, 
A.A.S.A. 

Records-
P . Knuckey. 

Publications-
Senior Technical Officcr-T. R. Hunter. 

Uaison Overseas
London--

Chief Scientific Liaison Officer-W. Ive.q, M.Ec. 
Senior Research Officer-A. B. Hackwell, 

B.Agr.Sc. 
Research Officer-J. P. Shelton, M.Sc., A.TI.S.M. 

Washington-
Principal Research O:fficcr-E. J. Drake. 
Research Officer-A. F. Gurnett-Smith, B.Agr.Sc., 

Q.D.D. 
Translation Section--

,Senior Translator-A. L. Gunn. 
Senior Translator-E. Feigl , Ph.D. 
Senior Translator-F. P. Just, D.U.P. 
Translator- Mrs. M. Slade. 
Trnnslator-H. E. Kijlstra, B.A. 
Translator-C. Wout~r ti, PL..D.(Lit.) (at Sydney) 
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l~ilm Unit-
Senior Research Officer-S. T. Evans, B.Sc. 

A rchitect-nral-
Architect-W. R. Ferguson, B.E. 
Draughtsman, Grade II.-T. 0 . Jewell. 

2. S;:cnETARIES oF STATE OoMMITTEES. 

New South ·wales-
A.. J. Higgs, B.Sc., Division of H.adiophysico, 

University of Sydney. 
l'idoria-

F. G. Nicholls, 1'!.Sc., 314 Albert-street, East 
l\'111lbourne. 

lh1e1msla11d-
~ W.W. Bryan, M.Sc.Agr., Plant mid Soils Labora-

tory, Brisbane. 
So11ih A.1Mtralia-

A. Packham, B.V.Sc., Division of Biochem~stry 
and General N·utrition, University of Aclcla1de. 

I 1' esteni A 11slralia-
R. P. Roberts, i\LSc. (Agric.), Department of 

Agriculture, Perth. 
Tasmania-

D. Martin, D.Sc., "Stowell", S towell-ave1H1e, 
Hobart. 

3 . .Aamcur.TunAL RESEAllCH LIAISON SECTION. 

(Head-quarters : 314 Albert-street, East l\felbourne.) 
Officer-in-charge- R. R. P ennefather, B.Agr.Sc. 
Principal R esearch Officer- K. Loftus Hills, M.Agr.Sc. 
Senior Research Officer-J. L. Gillespie, B.Agr.Sc. 
Research Ofilcm·-A. F. Gurnett-Smith, B.Agr.Sc., 

Q.D.D. (seconded). 
Technical Officer- ,T. J. Lenaghan, Il.Agr.Sc. 

4. il.NIJl[AL G ENETICS SECTION. 

(I-lead-quarters: U nive1·sity of Sydney.) 
Officer-in-charge--J. M. Rendel, B.Sc., Ph.D. 
Senioi· Research Officer-A. S. Fraser, M.Sc., Ph.D. 
Research Officer-D. F. Dowling, B.V.Sc., B.Sc., Ph.D. 
Research Officer-TI. L. Sheldon, B.Agr.Sc.(Hons.). 
Resenrch Officer-W. R. Sobey, B.Se., Ph.D. 
Technical Offieer-J. Nalukowyj. 
Teclrnical Officer-K. E. Tnrnlrull, B.A. 

5. DIVISION OF ANIMAL HEALTH AND PnoDuCTION. 

(Head-quarters : Cm. Fleminp:ton-road and Park-street, 
Parkville, Melbomne.) 

At Divisional Head-quarters, Melbourne-
Ohief- D. A. Gill, M.R.C.V.S., D.V.S.M. 
Divisional Secretary-A. J. Vasey, B.Agr.Sc. 
Assistant Divisional Secretary-N. M. Tulloh. 

M.Agr.Sc. 
At Anirnal Health Research Laboratory, Melbourne

Assistant Chief of Division and Officer-in-charge
T. S. Gregory, D.V.Sc., Dip. Bact. 

Assistant Chief of Division-A. W. Turner, 
O.B.E., D.Sc., D.V.Sc. 

Senior Research Fellow-L. B. Bull, C.B.E., 
D.V.Sc. 

Principal Research Officer-D. Jl.furnane, D.V.Se. 
Principal Research Officer-R. H. Watson, 

D.Sc.Agr. 
Princi1rnl Research Officer-A. T. Diel,, D.Sc. 
Senior Resear ch Offieer- J. E. Peterson, B.V.Sc. 
Senior Research Officer- A. W. Rodwell, M.Sc;, 

Ph.D. 
Senior Research Officer- A. T . Dann, M.Sc. 
Research Officer-J. B. Bingley, D.A.O. 
Rc;carch Officer-Miss C. E. Eales, B.Sc. 
Research Officer-Miss M. J. Monsbourgh, D.Sc. 
Re.•earch ,Officer-H. M. Radford. B.Sc. 
R esearch Officer-Miss V. E. Hodgetts, B .Sc. 
Research Officer-J . S. McKenzie, B.Sc. · 

• I ' • • •••. • 

Research Officer-P. Plackett, B.A. 
Technical Officer-I. l\foOance, B.Se. 
Technical Officer- J. J. Spencer. 
Technical Officer-N. E. Southern. 
Technical Officor-J. R. Etheridge. 
Librarian-Miss F. V. Murray, M.Sc. 

At Po11.ltry Research Centre, Werribee, Victo-ria
Senior R esearch Officer and Officer-in-charge-

}'. Skaller, M.Agr.Sc., Il.Oom. 
R<>search Officer-,T. A. Morris, B.Sc.Agr., Ph.D. 
Research Office1·-T. E. Allen, B.Sc. 
Technical Officer--Miss L. W. Bohr, M.Sc.(Agr.). 

At Nr.ilfaster Animal Health Laboratory, Sydney-
Senior Principal Research Officer and Officer-in

chnrge-D. F. Stewart, D.V.Sc., Dip.Bact. 
Wilfonn Mcllrath Fellow in Animal H·nsbandry

M. 0. Franklin, M.Sc., Ph.D. 
Senior Principal Research Officer-H. McL. 

Gordon, B.V.Sc. 
Rt?search Officer-M. D. Murray, B.Se. (Vet.Sc.), 

M.R.C.V.S. 
Research Officer-W. K. Warburton, LL..B., 

B.Sc. (Hons.), Ph.D. 
Research Officer-R. I. Sommerville, 1.f.Sc.Agr. 
Re.:earch Officer-P. R. Whitfeld, B,,Sc.(Hons.) , 

Ph.D. (on study leave). 
Research Officcr-C. II. Gallagl1er, B. V.Sc. ( on 

study leave). 
Research Officer- Miss J. H. Koch, M.D. 
Research Officer-P. K. Brig~s, B.Sc.AgrJHons.). 
Research Officer- 1 . E. A. Symons, B.V.Sc. 
Research Officer-J. H. Thomas, B.V.Sc. 
Ian McMaster Fellow-A. E. Pierce, F.R.C.V.S., 

D.V.S.M., M.S'c., Ph.D. 
Tan Mclifaster Scholar-B. A. Panaretto, RV.Sc. 
Technical Officer-I<"'. J. Hamilt011. 
Technical Officer-H. V . Whitlock. 
Technical Officer- G. O. Merritt. 
Technical Officer- B. L. Campbell, A.S.T.C. 
Technical O·fficer- K. J. Farrington, A.S.T.0. 
Librarian-Miss A. G. Onley, M.Sc. 

At Sheep Biology Laboratory, Prospect, New South 
Wules-

As.•istont Chief of Division and Officer-iu-charge-
1. W. McDonald, B.V.Sc., B.Sc., Ph.D. 

Technical Secretary- J. H. Elliott, B. Sc.(Hons.). 
Principal Research Officer-P. G. Schinckel, 

B.,.Sc., R.D.A. 
Principal Research Officer-K. A. Ferguson, 

B.V.Sc., Ph.D. 
Principal Researeh Office1·- R. L. Reid, B.Sc.Agr. 

(Hons.), Ph.D. 
Principal Research Officer- Mrs. M. H. Fnllding, 

M.Sc., Ph.D. (at the }fc:M:aste.r Laboratory). 
Senior Research Officer-A. A. Dunlop, M.Agr.Sc., 

Ph.D. 
Senior Research Officer- L. T. Wilson, B.Sc. 
Research Officer-J . P . Hogan, B.Sc.Agr.(Hons.). 
Research Officer-B. F . Short, M.Agr.Sc., Ph.D. 
Research Officer-G. Alexander, M.Agr.Sc. · 
Research Officer-W. Strauss, B.Chem.E. 
Research Officer-A. L. C. Wallace, B.Sc. 
Research Officer- R. H. Weston, B.Sc.Agr. 

(Hons.). 
Reseaa·ch Officer-A. G. Lyne, B.Sc. (at the 

McMaster Laboratory) . 
Seni or Technical Officer- A. H. Brook, B.V.Sc. 
Senior Technical Officer-H. R. Lindner, B.V.Sc. 
Technieal Officer-S. H. Bnttery, B.Sc. 
Technical Officer-W. T. Ontch. 
Technical OfHcer-nfrs. L. N orrrnrcl. 
Terhniral Officer-S. S. Y. Young, B.Agr.Sc., 

F.S.T.C. 
Librariim-1.:1~~~ ,J. S. Ricks. 
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At Regional Pastoral Laboratory, Armidale, New South 
Wa,le~-

Senior R esea1·cl1 Officer and Acting Officer-in-
clrnrge-J. F. Barrett, B.V.Sc., H.D.A. 

Senior Resenrcl1 Officer- W. H. Southcott, RV.Sc. 
Senior Technical Officer-R W . Hcwctson, R.V.Sc. 
Technical Officer-J. M. George, B.Sc.Agr. 

. 4t J?. D. 11,Jc)jfosler Field Station, Baclgery's Creek, 
New S01tlh Wnles-

Officer-in-charge-R. H. Hayman, M.Agr.Sc. 
Research Ofliccr-,T. M. Doney, B.Sc.(l:l.on:;.). 

At Veterinary Parasitology Laboratory, Yeerongpilly, 
Q1wensZancl-

Officer-in-charg~F. H. S. Roberts, D.Sc. 
Senior _ Resca rcb Officer--J. H. Riches, B.Sc. 

(Agne.) (Hons.), Ph.D. 
Senior Research Officer--R. F. Riek, ]3.\T.Sc. 
Senior Research Officer-P. H. Durie, ],!.Sc. 
Technical Officer-IL 0. Bremner, B.Sc. 
Technical Officcr-R. IL Keith, Dip.Ind.Chem. 

At Department of Physiology, Univers~ty of Queens
land, Brisba-ne-

Senior Research Officer-N. M. T. Yeates, 
B.Sc.Agr.(I-lons.), Ph.D. 

, lt N alional Field Stnlion, " G'ifru,lh Plains", C1tnnli-
11mlla, Queenslancl-

Officer-iu-chargc-0. H. S. Dolling, R.D.A., 
B.Ag.Sc. 

Technical Officer- A. D. Nicholson, B.Ag.Sc. 
dt National Callle Breeding Station, "Belmont " , 

Roclchamplon, Q1teensla11d-
Officer-in-charge---J. F. Kennedy, M.Agr.Se. 
Senior Research Officer-H. G. Tmner, D.Agr.Sc., 

M.A. 
At Western 1h1sh-ulian Department of Agriculture, 

Animal Healih and N utrition Laboratory, Nedlands, 
W eslern A itslralia-

Scuior Research Officer-A. B. Beck, M.Sc. 
At lnsfifote of Agric11llitre, University of Western, 

A ustmlia, N l'dlancls, Wes/ ern A itslralia-
Senior Research Officer-E. Munch-Petersen 

M.Sc., B.A., }.f.I.F. ' 
At University of Adelaide, Adelaide, S01dh A11sfralia

Research Officer-G. W. Grigg, M.Sc., Ph.D. 

6, DIVISION OF IlrncHEMISTRY AND GENERAL NUTRITION. 

(Head-quarters: University of Adelaide.) 
Ohief-H. R. Marston, F.R.S. 
Te~ln~ical Secretary-A. Packham, B.V.Sc., A.A.S.A. 
Pr~nc~pal Rel:enrch Officer-A. W. Peirce, D.Sc. 
Pnnc1pal Reseal'ch Officer-D. S. Ricom:m, M.Sc., 

B.Ag.Sc., R.D.A. 
Principal Research Ofl1cer- H. J. Lee, M.Sc. 
Principal Research Officer-F. V. Gray, M.Sc. 
I-'ri1!cipal R esearch Officer-Miss M. C. Dawbarn, M.Sc. 
Semor Research Officer-,J. A. Mills, Ph.D., M.Sc. 
Sen~or Resea rch Officer-I. G. J al'!'ctt,, }VLSe. 
Semor Research Officer-G. B. Jones, M.Sc. 
~cm!or Research Officer-1\IIiss S. I-I. A.lien, B.Sc. 
Semor Research Officer-A. F. Pilgrim, B.Sc. 
Research Officer-L. J . Frabn, Ph.D., M.Sc. 
Resea rch Officer-B. J. Potter, 11'LSc. 
Research Officer-R. M. Smith, B.Sc. 
Research Officer-R. A. Weller, B.Sc. 
Research Officer-H. E. Kuchel, B.Sc., RD.A. 
Research Officer- Mrs. D. 0. Roder M.Sc. 
Principal Technical Officcr-D. W. 

1

Dewev. 
Senior Technical Officer-R. H . .Tones n.'D.A. 
Technical Officer-V. A. Stephen. · ' 
Tecbni.cal Officer-J. 0. Wilson (part-time). 
Technical Officer-0. H. Filsell, B.Sc. 
Tcebnical Offirer-A. C. Blaskett.. B.Sc. 
Technical Officer-B. F. Good, B.Sc. 
Librarian-Miss J. W. White, B.A. 

7. DIVISION 01•' BUILDING RESEARCH, 

(Head-quarters: Grahum-rond, Highett, Victoria.) 
Admiilisfratian-

Chicf-I. Langlands, M.Mech.E., B.E .E. 
Technical Secretary-J. R. Barned, B.Sc. 
Hesrarch Officer-I. C. H. Croll, B.Sc. 
Sectional Draughtsman-W. Maier, Dip.Ing . 

Information 1md L-ibmry- · 
Senior Resea rcb Otficer- R. C. McTaggart, B.Sc. 
Senior Technical Officer--E. M. Coulter, 

M.Agr.Sc. 
Librarian-Mrs. S. 1L Ourwen. 

( ·oncrele and T esting Laboratory-
Senior Research Officer-F. A. Blakey, B.E., Ph.D. 
Principal Teclrnical Officer-W. II. Taylor, 111.C.E. 
Senior Technical Oflicer-R. E. Lewis, 

B.Sc.(Hons.). 
T echnical Officer-E. N. }.:fattison. 
Technical Officer-I. Leber, Dip.Ing. 
Technical Officcr-F. D. Beresford, F.:M.T1C. 
Technical Officer-J. ,T. Russell, TI.Sc. 

Masonry Investigations-
Principal Research Officer-J. S. Hosking, M.Sc., 

Ph.D. 
Senior Research Officer-I-I. V. Hueber, Dr. Phil. 
Sen\or Research Officer-W. F. Cole, M.Sc., Ph.D. 
Semor Research Officer-R. D. Hill, B.Sc., B.Com. 
R esearch Officer-Mrs. T. Demed iuk, Dr. Phil. 
R esearch Officer- Miss .A. A. Milne, B.Sc., Ph.D. 
Technical Officer-Miss M. E. Neilson, B.Sc. 
Technical Officer- A. E. H olland, A.11f.T.O. 
Technical Officer-C. L. Carrel, B.Sc. 
Technical Officer-D. N. Crook, A.Sw.T.O. 

Sm'[aci11g lifoterials Tnrestigal'ions-
Senior Research Officer-E. H. Waters, M.Sc. 
Research Officcr-J. E. Bright, B.Sc. 
Technical Officer-D. A. Poweli, B.Sc. 
Technical Officer-I. D. McLachlan, A.S.M.n. 

Acoustics and Thermal l nvestigations-
Principal Research Officer-R W. Muncey. M.E.E. 
Senior Research Officer-W. K. R. Lippert, Dr. 

Phil. 
Senior Research Officer-A. F. B. Nickson, M.Sc. 
Research Officer-T. S. Holden, B.Sc. 
Technical Officer:-A. W. Wilson, D.Sc. 
Technical Officer-P. ·1 ubout B.Sc. 
Technical Officer-R. M. Tay'Ior, B.Sc. 

Organic Jllatei·ials I1111estigotions-
R.esearch Officer-E. R. Ballantyne, B.Sc. 
Trainee Research Officer-K. G. Martin, B.Sc. 

(abroad). 
Technical Officer-J. W. Spencer, B.Sc. 
Technical Officer-N. G. Brown, A.M.T.C. 
Teclmical Officer-B. L. Reidy, A.M.T.C. 

8. CANBERRA LADOll.ATORIF..S, AD)IINISTlUTlVE OFFICE. 

(The servil'es of this ofHce are common to the 
Divisions of Plaut Industry and Entomology, and to 
tlie_ La11d Research and Region a 1 Survey Sect.ion.) 
Chief Clerk-K. J. Prowse. 
Deputy Chief Clerk-D. Banyard. 
Accountant-L .. J. Peres, TI.Ee. 

9. CENTR,I.L ExPFT!IMirnTAL WonKsR01•s. 
(Head-quarters : Exp'.osiv~s Factory, Maribynong, 

V1ctona.) 
Electrical and Mechanical Engineer-R. N. :Morse, 

B.Sc., B.E. 
Engineer-i:1-charge-F, G. Hogg, RE. 
Pla:1t E ng1neer-K. 1\. Robeson. B.Mecll.E. 
Semor Resenreb Officer-J. Kown lczewski, Di pl.Ing. 
Research Officer--:-I. P. Arthur. BJvfecli.E. (on leave). 
Research Ofilcer-M. G. Kovarik, Dipl.Ing. 



16:i 

Senior Technicnl Officer-D. W. Cunliffe, F.M.T.O. 
Technical Officer-J. T. Czarnecki, Dipl.Ing. 
Chief Draughtsrnan-G. T. Stephens, Dip.Moch.Eng., 

Di p.Elec.Eng. 
Sectional Draughtsman-W. R. Read. . 
Drangl1tsm:rn, Grnde ll.-J. H-. Mitchell, Dip.Mech. 

Eng., Dip.Elco.Eng. 
Draughtsman, Grade II.-H. Smith, .A.R.M.T.0. 
Draughtsman, Grade II.-E. T. Davey. 
Sectiollal Draughtsman-C. M. Williamson (at 

Sydney). 

10. CoAL REsE.mcn SECTION. 

(Head-quarters: Delhi-road, North Ryde, 
(New. South Wales.) 

Officer-in-chu.rgc-H. R Brown, B.Sc. (Eng.). 
Principal Research Offi.ccr-N. Y. Kirov, M.Sc. 
Senior Research Officer-J. D. Brooks, B.Sc. 
Senior Research Officer-P. L. Waters, B.Sc., Ph.D., 

D.I.O. 
Senior Research Officer-E. J. Greenhow, B.Sc., Ph.D. 
Senior Research Officer-A. Jowett, B.Rc., Ph.D. 
Research Officcr-B. E. Balmc, B.Sc.(Hons.). 
Resenrch Officer-R. A. Dmie, M.Sc., Ph.D., D.I.C. 
Research Officer-.1YL Kossenberg, Ph.D. 
Research Officer-G. H. Taylor, M.Sc., Ph.D. ( on 

ove,rscas studcntshi p). 
Senior Teclmical Officer-11'f. S. Burns, A.:M.I.F. 
Senior Technical Officer--R H. Jones, B.Sc.(Hons.). 
Teclrnical Officer-TI. P. ::McDonald, :M.Sc. 
Tcclrnical Officer-J. W. Smith, A.R.T.C., A.::M.I.F. 
Teclrni<'nl Officcr-0. K. Ferguson, B.Sc.(Min.Eng.), 

Dipl.R.T .C. 
Technical Officcl'-J. P. F. Hennelly, TI.Sc. 
Technical Officer-G. a Donau-Szpindler, Dipl.Ing., 

D.I.C. 
Technical Officer-J. W. Sweeting, B.Sc. 
Technical Officer-T. P. Mahel', B.Sc.(Hons.). 
Technical Officcr-D. H. Phillips, A.S.'r.C. 
Techni!'11l Ofiicer-A. J. Ry2n, ]3.Sc. 
Terhnicnl Officer-A. Watts, A.S.M.D. 
Tedmical Officer-H. N. S. Schafer, R.Sc.(IIons.) 
Terlrni<'al Officer--J. Szewczyk, M.Phys., Dipl.Ing. 

Chem. 
Technical Officel'-P. R. C. Goard, B.Sc. 
Technical Officer-J. N. Stephens, :M.A. 
Technical Officer-W. 0. Stacy, B.Sc. 
Technic11l Officer-Miss R. G. Loomes, A.S.T.O. 
Technical Officer-Miss A. McT. Murray, D.Sc. 
Librarian-Miss R. Soulrnmi, B.Sc. 

11. DAIRY RESEARCH SECTION. 

(Head-quarters: Graham-road, Highett, Victoria.) 
Officer-in-clrnrge-G. Loftus Hills, B.Agr.Sc. 
Technical Secretary-A. K. Klingender, B.Sc. 
Principal Ilesm1rch Officer-N. King, M.Sc. 
Senior Research Officer-E. G. Pont, M.Sc.Agr. 
Senior Research Officer-K. Kumetat, Ph.D. 
Senior Reseal'ch Offirrr-J. Conochie, B.Sc.( Agrir.). 
Senior Research Officer-J. Czulak, B.Sc.(.Agric.), 

Dip.Bact. . 
Research Officer-A. J. Lawrence, B.Sc. 
Research Offirer-D. A. Forss, M.Sc. 
Researrh Officer-J. W. Lee, B.Sc.(Hons.) (on study 

leave). 
Senior Terlmical Officer-}.fiss n. U. P. Keogb, ]l'LSc. 
Technical Officer-R. Beeby, A.M.T.C. 

12. DrrrsmN oF ELECTRO'l'ECHNOLooy, 

(Head-quarters: National St11ndarcls Luborntory a.t 
University of Sydney.) 

Chief-F . .T. Lehnny, M.Sc. 
'J'erhnira1 Secretar:v-R. C. Ri~lrnrd.oon. B.R 
Principal Research Officer-W. K. Clothi<n·. B.Sc., 

M.E. 

Principal Research Officer-A. M. Thompson, B.Sc. 
(Hons.). 

Principal Researcl1 Officer-R. J. Meakins, B.Sc. 
(Hons.), Ph.D., D.I.C. 

Principal Research Officer-B. V. Hamon, B.Sc. 
(Hons.), B.E. 

Principal Research Officer-D. L. Hollway, B.E.E., 
M.Eug.Sc., D.Sc.(Eng.). 

Senior Hesearch Officer-L. G. Dobbie, M.E. 
Senior Research Officer-J. S. Dryden; M.Sc., Ph.D., 

D.I.C. 
Research Officer-J. J. O'Dwyer, B.Sc., B.E., Ph.D. 
Research Officer-T. M. Palmer, Dipl.F.H. 
Research Officer-G. J. A. Cas.sidy, Il.E.E. 
Research Officu-D. L. H. Gibbings, B.E., B.Sc., Ph.D. 
Research Officer-D. W. Posener, M.Sc., Ph.D. 
Research. Officer-H. K. Welsh, M.Sc. 
Resenrch Officer-G. J. Johnson, B.Sc.(Hons.). 
Research Officer-D. G. Lampard, M.Sc., Ph.D. 
Research Officer-W. E. Smith, B.Sc.(Hons.) (student-

ship abroad). 
Research Officer-P. G. Harper, B.Sc., Ph.D. 
Principal Technical Officer-L. Medina, Dipl.Tng. 
Senior Technical Officer-L. M.. Man<ll, Dipl.Ing., 

.A.S.T.C. 
Senior Technical Officer-F. C. Brown, .t\..S.T.C. 
Senior Technical Offieer-H. A. Smit.h, A.S. T.C. 
Technieal Officer-R. W. Archer, A.S.T.O. 
Techniral Office.r-E. Cowcher, B.A., A.S.T.C. (on 

lea,·e). 
Tec:hnical Officer-IT. C. Collins, A.S.T.0. 
Technical Officer-J. M. Melano, A.S.T.C. 
Terlmical Offirer-?IL C. :McGregor, A.S.T.C. 
Technical Officer-K. 1vf. Goodson, B.Sc. 
Technical Officer-F. C. Hawes, A.S.T.C. 
Technical Offir-ei·-J. S. Cook, B.Sc. 
Technical Officer-R. E. Holmes. A.S.T.C. 
Technical Officer-R. P. Hoff,nai1, A.S.T.C. 
Technical Officer-D . .A. Mustard, B.Sc. 

13. DIVYSION OF ENTO'MOI.OGY. 

(Head-quarters: Canberra, Australian Capital 
Territory.) 

A.t Canbr.rra--
Adminislration-

Chief-A. J. Nicholson, D.Sc. (abroad). 
Assistant Chief-D. F. Waterhouse, D.Sc. 
Technical Secretary-K. L. Taylor, B.Sc.Agr. 

Population Dynamics-
Chief of Division-A. J. Nicholson, D.Sc. 

(abroad). 
Senior Technical Officer-A. T. Mills. 

Field Populalion Studies-
Principal Research Officer-L. R. Clark, M.Sc. 
Technical Officer-A. Magassy, Dr.Agr.Sc. 

(Budapest). 
Termite lnvesligalions-

Principal Research O:fficer-F. J. Gay, TI.Sc. 
(Hons.), D.I.O. · 

Locust and Grasshopper lnvesfi_qat1:ons
Principal Research Oflicer-JC. R. L. Key, D.Sc. 
Technical Officer-L. J. Chinnick, R.D.A. 

Miscellaneous Grasshopper lnvesfi_qations
Resea rcl1 Offiec1·-D. P. Clark, B.Sc. (Hons.) 

Biological Control-
Principal Re.0 carch Of6cer-F. Wilson. 
Research Officcr-G. F. Bonwmissza, Pl1.D. 
Researrh O·fficer-Miss M. Fielding, 13.Sc.(Hons.) , 

Ph.D. 
I-n,qeclic•de Tm•r,.~l ir7fTlions-

Se11ior Rest>a1·rh Offircr-R W. Kerr, Il.S'c. 
Physiulo,qy and To~·icoloay-

Assi~tant Chief-D. F. Waterhouse, D.Sc. 
Senior Re!'earc·h Offirer-D. Gilmour, M.Sc. 
Senior Research Officer-R. II. Ilackm:rn, :M.Sc. 

Ph.D. 
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Research Oflicer-R. F. Powning, 1\.S.'l'.O., M.Sc. 
Research O·fficer-L. B. Tinrton-Browne, TI.Sc. 

(Hons.), Ph.D. 
Research Officer-A. R. Gilby, M.Sc. 
Hescart,h Officer-L. G. Webber, M.Sc. 
Senior Technical Officer-I-I. lrzykiewicz. 
Technical Officer- Mrs. M. M. Goldberg, B.Sc. 

Ta:i;onomy of Divtera-
Senior Research Officer-S. ;r. Paramonov, D.Sc. 

.Mi1"8enm- ' 
Research Oflicer-T. G. Campbell. 

l'irus liestor Investiyation~-
Principal Research Officer-1iif. F. Day, B.Sc. 

(Hons.), Ph.D. 
Re•carch Officer-T. D. C. Grace, B.Sc.(Hons.) 
Technical Officcr--N. E. Grylls, D.D.A. 

('ocl.:,·l,.afer Jnveslif!al:ions-
Senior Research Officer-P. B. Carne, B.Agr.Sc .. 

Ph.D. . , . 
Ant I nvestiga/.ions-

.Senior Research Officer-1'. Grea,es. 
Past'ltre. Caterpillar ]n.vestigations-

Sr:nior Rr~earch Officer-I. F. R. Common, M.A., 
J\LAgr.Sc. 

Slo-rr.rl Products Pests I nvestiqations-
Senior Research Officer......:S. W. Bailey, B.Sc., 

A.n.o.s. 
Pofalo Molh and Taxonomy of Hymenop/-era- · 

Senior Research Officer-E. F. Riek, M.Sc. 
(abroad). 

1lt Yeeron-,qpilly, Q1ieensland-
Callle T1'.cli: lnvestigatio11s-

Pri11cipal Research Officer-K. R. Norris, M.Sc. 
Se11ior Researcl1 Officer-P. R. Wilkinson, M.A. 
Senior Research Officer-W . . J. Roulston, B.Se. 
Technical Offircr-R. A. ,J. Meyers, Q.D.A.H., 

Q.D.D. 
Technical Officer-IL Srhnit.zerling, Dip.Ind. 

Chem. 
Technical Officer-B. F. Stone, Dip.Incl.Chem. 

A.l N erllnnds. Western Australia-
Earth llfite nnd Lucerne Flea Invesfigafions

Seni0r He~rarch Officer-M. M: R. Wallac(•, 
B.Sc. (Hons.). 

Technical Officer- J. A. :Muhon, Dip.D.Sci. 
At SJ1d11ey-

B-ioln_qicnl Confrol-
Scnior Research Officer-G. ,T. Suowbnl1, B.Sc. 

(Jions.). 

14. DrvrsroN OF Fnnnmms. 
(Hearl-quarters: Cronnlla, New South Wales.) 

At Grnmillu
C'hirf-Varnnt. 
Acting Chief-M. Blarkhurn, D.~r. 
Techni::-al Scrretary-Mrs. L. M. Willings, B.A. 
Re~rarch Fellow-L. G. M. Baas Becki11g, Ph.D., 

D.Sc. 
Prineipal Research Officer-D. J. Rochford, B.Sc. 

(Hons.) . 
Principal Rcsenrch Officer-E. J. Ferguson Wood, 

B.1\ ., "!if.Sc. 
Senior R e.:earch Officer-I. S. R M·unro, M.Sc. 
Senior R esearch ,Qfficer-,J. M. Thomson. M.Sc. 
Research OfHcer- R. S. Spencer, B.Se.(Hons.). 
Research Officer-T. R Cowper, R.Sc.(Hons.). 
Research Officer-W. Dall, M.Sc. 
Research Officer-G. S. Grace, B.Sc. 
Research Offirer-J. P. Robins, B.Sc. 
Resea1:ch Officer--R. J. MacIntyre, M.Sc. 
Terhmcal Officer-D. J. Dunsta11. B.Sc. 
Technical Officer-H. R. Jitts, B.Sc. 
Technjcal Officer-N. L. Brown, A.S.T:O. 
Terhmcal 0-ff1cer-P. S. Davis, A.S.T.C. 
Technical Officer-0. Walker, M.Pl1arn:i. : 

Technical Officer-I. R. Kaplan, M.Sc. 
Technical Officer-Miss B. B. Dew, Il.A . 

At Jl/[ elbourne-
Technical Officer-P. E. Gartner, B.Sc. 

,lt Lakes Entrance, Victoria-
Research Officer, D. E. Kurth, !LSc. 

.-1 f; Pe1·th, ·western A1istralia-
Se11ior Research Officcr-K. Slieard, D.Sc. 
Research Officer-W. B. Malcolm, B.Sc . 
Re~earch Officcr-R G. Cbittlcborough, M.Sc. 
Research Officer-R. W. George, B.Sc.(Hons.). 
Technical Officer-A. Middleton, B.Sc., Dip.Ohern. 

At llobart-
S enior Research Officer-A. G. Nicholls, TI.Sc. 

(Hons.), Ph.D. · 
Senior Research Officer-.A. :M. Olsen, M.Sc. 
Research Officer-A. H. Weatl1erley, B.Sc. 

At Thursday Isl<ind, Q11eensland
Research Officcr-,T. S. Hynd, B.Sc . 
Technical Officer-D. J. Tranter, B.Sc .. 

J.;i. !l1vrs10N OF FooD PnESERVATJON ANl) TnANsronT. 
(Hearl-quarters: State Abattoir, IIomebm,h Bay 

New South Wales.) 
Al 1-Ioinelnish, New South Wales.-

A dministra Non and G encrnl-
Ohief-J . R. Vickery, M.Sc., Ph.D. 
Teclmical Secretary-R. B. Withers, M.Sc., 

Dip.Ed. 
Technical Officer-i\ifiss E. M. Christie, B.So. 
Senior Librarian-Miss B. Jolmston, B.S~

Physics and 'l'ranspoi-t Secfion,-
Senior Principal Research Officer-E. W. Hicks, 

B.A., B.Sc. 
Senior Research Officer-M. C. Taylor, }I.Se. 
Research Officer-G. M. Ifostos, Dipl.I11g. 
Research Officer-II. L. Evans, M.Sc. 
Technical Officer-Mrs. J. A. Anet, B.Sc. 

Microbiology Section--
Principal Research Officer-W. J. Scott, B.Agr.Sc. 
Senior Research O:fficer-W. G. Murrell B.Sc.Ao-r. 

D.Phil. ' "' ' 
R esearch Officer-J. H. B. Christian, B.Sc.Agr. 

(Hons.), (overseas) . 
Research Officer-R. D. H. Leach, lvf.Sc., D.Phil. 
Senior Techniral Officer-D. F. Obye, D.I.O. 
Technical Officer-Miss B. J. :Marshall, A.S.T.O: 

Biocl!em_istry Investigations-
Prrnc1pal Research Officer-F. E. Huelin B.Sc. 

(Hons.) , Ph.D. ' 
Research Officer-J. B. Davenport, M.Sc. 
Technical Officer-TI. I1. Kennett, A.S.T.O. 

Organic Chernislry Investigations-
Senior Resear?h Officer-Miss T. M. Reynolds, 

M.Sc., D.Ph1!. 
R~search Officer-E. F. L. J. Anet, M.Sc., Ph.D. 

Fruit and Vegetable Storage Section,--
.Senior Research Officer-E. G. Hall, D.Sc.Agr. 

(Hons.). 
Resea1:ch Officer- Miss J. M. Bain, M.Sc. 
Techmcal Officer-T. J. Riley, H.D.A. 

· Canning ancl F1·iiit Prod11cts S eclior1r-
Pri11cipal Research Officer-L. J. Lynch, n.Agr.Se. 

(Hons.). 
Pri1:1.Cipal Ilcseareh_, Officer-J. :F. Kofford, M.Sc. 
Scmor Researcl1 Ofhcer-11. S. Mitchell, M.Sc.Agr. 
Hesearch 0 0foer-B. V. Chandler, B.Sr. 
Research Officer-E. G. Davis, B.Sc.(Hons.). 
Research O'licer..:_P. W. Board. B.Sc. 
Technical Officer-T. A. :Mryci:, Dipl.Agr. 

Dried Poods Seclion-
~esem:ch O:ffi~er- D. McG. McBean, B.Sc. 
Lechmcal Ofhcer-A. A. Johnson, A.S.1'.0_. 
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fr'i'.sh Preservntion Invesfiga.t,ions-
Princi pnl Research 0fficer-W. A. Empey, :U.V.Sc. 
Technical 0ffi.ccr-W. A. :Montgomery, A.S.'f.0. 

Bgg lnvestigations-
Chicf-J. R. Vickery, M.Sc., Ph.D. 
Technical 0ffi.ccr-F. S. Shenstonc, A.S.T.0. 

F'reezing of Pruit and Vegetables-
Research Officer-I. ,T. Tinsley, B.Sc.(Hons.), 

M.S. (overseas). 
Research 0ffi.cer-J. Il. Scheltema, M.Sc. 

11.t JL,ubnrn, New Sonth IVales.-
.M err/. Dehyclra.tion I nvestigafio11,s-

Scnior Research 0flicer-A. R. Prater, B.Sc.Agr. 
Technical Officer- F . J. Gardner, D.Sc.Agr. 

,1t Botany S chool, University of Sydney.-
Plant Physiology l 1wesl·iga /.'ions-

$enior Principal Ilcsearcl1 0fficcr-H. N. 
Robertson, B.Sc.(J:Tons.), Ph.D. 

Senior Itesearch Officer-H. S . McKee, Il.A., 
D.Phil. (overseas). 

Senior Hesearch 0fficcr-J. F. Tmner, M.Sc., 
fi1.D. 

Research 0fficcr-S. I. Honda, JiiI.Sc., Ph.D. 
Research Officer-Mrs. D. H. Turner, :M.Sc., Ph.U. 
Research Officer-A. 13. H ope, 13.Sc.(Hons.), Ph.D. 
Teclmieal 01icer-M. D. Hatch, B.Sc.(Hons.). 
Teclmical 0 fficer-N. F. B. Tobin. B.Sc. 
Technical 0 fficer-J. Smydzuk, I~1g. of Ch. 

At JJotany School, Unive1·sity of Nelbo1trne-
1'lant Physiology I nvestigalions-

Rcsearch Officei·-K. S. 11owan, M.Sc. 
At Bioc}wnislry School, Universily of Sydney-

Physical Chemistry Sectio11,-
Senior Resea rch Officer-TT. A. McKrnzie, M.Sc. 
Research Officer-J. J. Macfarlane, M.Sc. 
Technical Officer-U. R. Smith, A.S.A.S.M. 

At Ta_sman·ia,n Re,(Jional Laboratory, Hobart, Tas
manui-
Canning and Fruit Procli1cl's-

Technical Officcr-R. A. Gallop, A.S.T.C. 
Fish Preservation In11esti,r;a/.ions-

Technica1 0fficcr-K. W. Anderson, A.M.T.C. 

At Cannon llill, Q·ueensland-
M ea l l m·esl-i_qalions-

10fficer-in-cha rgc-A. Howard, M.Sc. 
Senior Research Officer-G. Kaess, Dr. Ing. 
Research Officer-A. D. Brown, l\LSc. 
Research Officer--P. n. :McCarthy, B.Sc. App. 
Rcsrarch Officer-H. L. Webster, D.Sc.(Ilons.), 

rh.D. 
Techniral Officer-N. T. Russell, D.T.C. 
Technical Officer-M. F. '?!Teaney, R.Sc.(Horu.). 
Technical Officer-P. E. Bouton, TI.Sc. 

il'ith United Kingdom 111inistry of Food-
Senior Resenrch 0fficer-N. E. Holmes, B.E.E., 

M.Mech.E. (seconded). 
With Commonwealth Department of Commerc·e and 

A.gricult11re, Sydney-
Research Officer-J. Shipton, B.Sc.Agr. 

(seconded) . 

16. D1v1sroN 01,• FonEST PnonucTs. 
(Hend-qnarters: 69 Yarrn Dank-road, South Melbourne 

V . . ) ' 1ctona. 
. '1d1nin1'.s/:ratio11r-

Chief-S. A.. Clarke, B.E. 
Assistant 0hief-C. S. Elliott, B.Sc. 
Assistant Chief-I-I. E. Dadswell, D.Sc. 
Technical Secretary-F. A. Priest, A.S.A..S.M. 
Researcl1 0fficer--A. P. Wymond, M.Sc. 
Senior Librarian-:Miss :M. I. Hulme. 

\ . 

Libral'ian- _Miss A. Forbus. 
Principal Technical Officer-I,. Sa11t.er, M.Mech.E., 

Dip.Eng. 
Technical Offirer-P . J. Moglia, Dip.Mech.Eng. 

W oocl and Ji'ibrc Strnclure Section-
Chief Research 0fficer-in-chargP- II, E. Dadswell, 

D.Sc. 
Principal nc~enl'C'h 0ffic·er-4\. B. iYimlrop, M.Sc., 

Ph.D. 
Senior Research (}flicer--]yfoc; M. M. 0hattaway, 

M.A., B.Sc., D.Phil. 
Sr.nior Research 0fficer-W. E. Hillis, lLSc., 

A.G .Inst.Tech. 
Senior Research 0fficcr--IL D. Inglr, B.For.Sc. 
Senior Research Officer- I. V. }~ cwrnau, M'.Sc:., 

Ph.D. 
Tcel1nicnl O:fl'iter-~1i::.s M. }'. Day, B.Sc. ( on 

extended leaYe) . 
Technical 0fficer-0 . . F. James, B.Sc. 
Technical 0fliccr-J. ·w. P. Nicholls, Il.Sc. 
Techniral Officer-Mr~. E. Scaife, B.Sc. 

Wood Chemistry Sef'lion--
Senior Principal Rcscarcl1 Officer-W. E. Cohen, 

D.Sc. 
Principal lfosc1ll'ch Officer-D. E. Bland, M.Sc. 
Senior Rcsearrh Officer-IT. G. ITiggins, TI.Sc. 

(Hons.). 
Senior Research 0fficcr-R. C. McIL Stewart, 

B.Sc. 
Senior Re,carch Officer-A. ,T. Watso11, A.M.T.0. 
R.escarch Officer-Miss ,T. F. Hobden, B.Sc. 

(Hons.). . . 
Research 0fncer-A. ~on Koeppen, Dr. Ing. 
Technical Officer-111:rs. E. F . :Frydman, B.Sc. 
Technical 0fficer- 1.fiss Y. Goldsmith, A.M.T.C. 

( on leave.). 
Technical Officer-A.. W. McKenzie, A.M.T.·C. 
Technical 0fficer-,J. A.. :Mc Pherson, B.Sc. ( on 

leave ). 
Technical Officer-Miss G. Schwerin, D.Sc. 
Technical Officer-Miss C. Stamp, D.Sc. 

Timber Physics Sectio11r-
PrincipaI R esearch Officer-i11-charger-R. S. T. 

Kingston, B.Sc., B.E. 
Senior Research Officer-G. N. Christensen, M.Sc., 

Ph.D. 
Senior Research Officer-L. N. Clarke, M.Mech.E., 

.TI.Eng.Sc. 
Research Officer- Miss K. E. Kelsey, B.Sc. 
Technical Officer- L. D. Armstrong, A.M.T.C. 
Technical 0fficer- N. 0. Edwnrds, A.S.M.B. 
Technical Officer-P. U. A. Grossman, Ph.A.Mr. 

Timber 1'\tlechanics Section-
Princi pal Research 0fficer-in-charge-J. D. Boyd, 

M.O.E. 
Senior Research 0fficer-N. Il. Kloot, M.Sc. 
Senior Research 0fficer-R. G. Pearson, B.A., 

B.C.E. 
Senior Technical 0fficer-.T. J. Mack, A.M.T.C. 
Technical 0fficer-K. B. Schuster, A.M.T.0. 
Teohnical Officer-Miss A. Ryan, A.M.T.C. 

'l'·imber Seasoning Sectio11r-
S(•nior Principal Research Officer-in-charge--G. W. 

Wright, M.E. 
Senior Research Officer- J. W. Gottstein, Il.Sc. 
Researeh Officer- W. G. Kauman, B.Sc., A.M.T.0. 
Senior Technical 0fficer- L. J . Brennan . 
Teclrnical 0fficer-F. ,T. Oln·istensen, A.M.T.C. 

'f'im,bei· Preser11atinn 8edion-
Princ.ipa1 Rcs~areh 0fficer-in-chargc-N. Tamblyn, 

M.Sc. (Agne.) . 
Senior R esearch 0fficer-E. W. R Da Costa 

M.Agr.Sc. ' 
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Senior Research Officer-E. L. Ellwood, lvI.Sc. 
(For.), Ph.D. . . 

Principal Technical Officer-·F. A. Dale, Dip. 
"'Mech.l~ng. 

Senior Technical Officer-J. Beesley, Dip.For., 
M.Sc.(For.). 

Senior Technical Officer-N. E. M. Walters, B.Sc. 
Technical Officcr-T. E. H. Aplin, B.Sc. 
Tecbncial Officer-D. F. McCarthy, A.M.T.C. 

Timber Utilization Sectio'Tlr--
Scnior Principal Research Officcr-in-charge-R. F. 

Tmnbull, B.E.(Hons.) . 
Research Officer-W. :M. :McKenzie, B.Sc. (For.). 
Researcl1 Officer-K. F . Plomley, B.Sc.1:\gr. 
Senior Technical Officcr-R. L. Cowling, Dip. 

Mech.Eng., Dip.E.E. 
Technical Officcr-D. S. ,Jones, B.O.E. (training 

oYerseas). 

17. DIVI SION OF I:, DU S TRIAL CHEMISTRY. 

(Head-quarters : Lorimer-street, Fishermcns' Dend, 
Victoria.) 

Aclministrali.on-
Ch ief-I. W. Warl,, D.Sc., Ph.D. 
Divisional Secretnry-L. Lewis, B.Met.E. 

Minerals Ufilizalion Section-
Senior Principal Research Officer-R. G. Thomas, 

B.Sc. 
P rir.cipal Researcl1 Officer-T. R Scott, D.Se., 

B.Ed. 
Principal Hescarch Officer-A. Walklr.y, B.A., 

D.Sc., Ph.D. 
Pri11r.i nal Research Officer-A. W. Wylie, M.Sc., 

Ph.D. 
Senior Researc11 Officer-R. ·C. Croft, M.Sc. 
Senior Research O(ncer-F. K . McTaggart, }.LSe. 
Senior Ilesearch Officer-I. E. Ncwn]rnm, M.Sc. 
Senior Rernarch Officer-A. D. Warlsley, M.Sc. 
Senior Ilesearch Officer- I. H. Warren, B.Sc. 

(Hons.). 
Researrh Officer-P. J'if. J. Gray, B.Sc,(Hons.), 

A.R.SJvL 
Ilesearrh Officer-D. F. A. Koch, B.Sc. (Ilons.). 
Research Officer- E. S. Pilkington. A.S.T.O. 
Research Officcr-D. E. Scaife, B.Sc.(Hons.). 
Resrnrrh Officer-A. G. Tmnbu1l. B.Chcrn.Env:. 
Senior Technical Officer-II. R Skewes. A.A.C.I. 
Technicnl Officer-Miss I. J . Bear, A.M.T.C. 
Technical Officer-I-I. W. Fander. B.Sc. (Special) . 
Technical Officer-Miss E. E. Rutherford, B.Sc. 

Cement and Ceramics Seri.inn--
Principal R esearch Officer-A. J. Gaskin, l:LSc. 
Principal Research Officer-H. E. Vivion, Il.Sc. 

Agr. 
Principal R c!'rarch Officer-G. F. Walker, D.Sc. 

(Hons.) , Ph.D. 
Principnl Rrsearch Officer-W. 0. Williamson, 

B.Sc .. Ph.D. . 
Senior Research Officer-S. M. Ilrisbane, Il.A., 

B.Sc., A.M.T.C. 
Senior Research Officer-I-I. Ellerton (at Ilony

thon Research Laborn tory, School of Mines, 
Adelaide. ) 

Sen i0r Ilcsen rch Officer-L. S. Williams, D.Pllil., 
B.E. 

Researrh Offircr-K. :M. Alexander. :M.Sc., Ph.D. 
Re~earch Officcr- G. M. Bn1ere, :M.Sc. 
ResParch Officcr-,T. TI. Taplin. B.ScJIIons.). 
Senior Technical Officcr-0. E. S. Davis, B.Se. 

(I:Io1~s.) . 
Senio,r Technieal Officer- Jr. Grant. B.Sc. (Hons.) 
Senior Terh11ical Oflirer-.T. D. Wolfe. 
Terhnica1 Offirer-P. J. Danngh, B.Sc. 
Technical Officer-RR. Hughnn. 
Technical Officer-Mrs. :M. Lawrence, B.Sc. 

Technical Officer-Miss B. 0. Terrell, B.Sc. 
Techu.ical O'.Hcer-J. Wardlaw, B.Sc. 
Technical Officer-J. H . Weymouth, B.Sc. 

Foundry Sands 8 ec/-ion--
Sen i or Research Ofticer--H. A. Stephens, B.Sc. 
Technical O·fficer- P. W. Goad, A.M.T.C. (on study 

leave). 
Technical Officer-A. N. W atcrworth, A.H.T.C. 

Chemical Physics Section-
Oh ief Research Officer-A. L. G. Rees, D.Sc., Ph.D. 
Senior Principal Research Ofilcer-L\, Walsh, 

M.Sc.Tech. 
Principal Research Officer-J. L. Farrant, M.Sc. 
Principal Research Officer-A. McL. Mathieson, 

B.Sc., Ph.D. 
Principal Rl':scarch Officer-D. A. Davies, B.Sc. 
8f"nior Research Officer-J. M. Cowley, M.Sc., 

Ph.D. 
Sen ior Research Officer-,T. D. Monison, B.Sc., 

Ph.D. 
Senior Research Officer-A.. J. 0. Nicholson, 

:M.Sc., Ph.D. 
Sen ior Research Officer-J. B. Willis, M.Sc., P h.D. 
Senior Research Officer- G. R. Hernus, M.Sc., 

D.Phil. 
Senior Research Officer-J. Frirlric'hsons, M.Sc. 
Resrareh Officer-A. J. Hodge, B.Sc.(Hons.), 

Ph.D. 
Research Officer-B. Dawsnn, M.Sc., Ph.D. 
Ilesearcl1 Officer-A. F . }\foodie, B.Sc.(Hons.) . 
Research Officer-0. K. Coogan, J\iI.Sc., Pl1.D. 
Research O'flicer-A. 0. Hurlr.y, M.A., B.Sc., Ph.D. 

( on lea Ye of a b,ence). 
R esearch Officer-J. P. She1ton, 1-.LSc., A.B.S.M. 

(seconded to A.S.L.O., London). 
R esea rch Officer-F. H. Dorman, M.A., M.Sc., 

Pl1.D. 
R esenrrh Officer-0. Billington, B.A. 
Research O·fficer-J. 0. Cope, :M.Sc. 
Research Officer-J. C. Riviere, M.Sc., Ph.D. 
Research Officer-A. F. Beeclrnm, B.Sc.(Ilons.) . 
R esearch Offirer-J. V. Sullivan, M.Sc. (at Uni-

versity of Western Australia). 
Research Officcr-P. Goodman, M.Sc. 
Research Officcr-N. S. Ham, M.Sc. (on study 

leave). 
Hc~Pnrc-h Officer-Mrs. Lois Mathieson, B.Sc. 

(Hons.). 
R esea rrh Officer-Miss Barbnra ,T. Russell, M.Sc. 
Re•Parrh Oflh11·-W. C. T. Dowell. M.Sc.. 
Techniral Officer-E. ,Clrnkanovskis. Dipl.Eng. 
Technical Officer-D. L. Swingler, Il.Sc. 

Physirn! Ql,emisfry Se~tion-

Chief Research Officcr-K. L. Sutherland, D.Sc., 
Pl1.D. 

Principal Research Officor-S. D. Hamann, M.Sc., 
Ph.D. ( llt Der~rt111ent of Chemical Engineering, 
Univcr~itv of Sydney) . 

Senior TieBearch Officer-J. A. Barker, B.A. 
(Hom.) , B.Sc. 

Senior Rcsearrh Office-r-I. Brown, B.Sc.(Hons.). 
Senior Rcsearel1 Officer-W. E. Ewers, M.Sc. 
Senior Research Officer-V. A. Garten, D.Sc. 
Sellior Research Oflicer-W. W. Maus:6cld, B.Sc. 

(Hons.) . 
Seni,-.r Research Officer-E. A. Swinton, B.Sc. 

(Hons.) . 
Senior Rcsen rcl1 Officer-D. E. Weiss, B.Sc. 
Se.,,i01· Research Officer-}[. E. Winfield, M.Sr., 

Ph.D. 
Re~earch Offi,-er-H. G. Dadd. B.Sc. (at Depart

ment of Chemical Engineering, University of 
Sydney). 
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Research Officer-A. Ewald, B.Sc., Ph.D. ( at 
Department of Chemical Engineering, Uni
versity of Sydney). 

Research Officer-'!'. Gabor, B.Sc.(Hons.). 
Resea rch Officcr-W. N. K. King, B.Sc. 
Research Q;ficer-E. P. Purser, B.Sc.(Hons.). 
Senior Technical Officer-L. :f. Evans, A..S.M.D. 
Technical Oflieer-K. Eppinger, B.Sc. 
Technical Officer-W. Fock, B.Sc. 
Teclmical Officer-1'.L Linton, B.Sc. 
Tech.nicnl Officer-R. McN eill, A.Sw.T .C. 
Technical Officer-F. Meadows, B.Sc. 
Technical Officer- :M. Ross, Ing. 
Technical Officer-:F. Smith, B.Sc. 

Organic Chemistry Sect.ion-
Scnior P-Tincipal R esearch OfHcer-H. H. Hatt, 

D.Sc., Ph.D. 
Senior Principal Research Officer-J. R. Pdce, 

D.Sc., D.Phil. 
Principal Research Officer-W. Zimmermann, 

D.Ing. 
Senior Research Officer-R. B. Bradbury, B.Sc., 

Ph.D. 
Senior Reser.r~h Officcr-C. C. J. Culvenor, Ph.D., 

D.Phil. 
Senior Research Officcr-J. S. Fitzgerald, M.Sc., 

Ph.D. 
Senior Research Officer-K. E. :Murray, B.Sc. 

(Hons.). 
Research Officer-C. S. Barnes, 1Yf.Sc., Ph.D . 
Research Officer-W. D. Crow, :M.Sc., Ph.D. 
Research Officer-L. K. Dal ton, A.S.T.C. 
Research Officcr-E. Gellm·t, Pli.D. 
Research Officer-N. C. Haucox, M.Sc. 
Research Ofilcer-J. A. Lamberton, B.Sc.(Hons.), 

Ph.D. 
Research Officer-W. Segal, M.Sc., Ph.D. 
Research OHicer-P. C. Wailes, M.Sc., Ph.D. 
Tec!mi::!al Officer-Mrs. Y. Greet, B.Sc. 
Technical Officer-P. M. Hunt.er, A.M.T.C. 
Technical Officer-M. Micliael, M.Sc. ( on study 

leave ). 
Technical Officer-A. Palmer, A.M.T.C. 
Tcclmical Officer-A. H. Redcliffc, Dip.Anal.Chem. 

M.U. 
Terhnical Officer- Mr~. I. S11livin, A.M.T.C. 
Technical Officer-L. W. Smith, B.Sc. 
Teclrnir.al Officer-A. Z. Szumer, A.M.T.C. (on 

study leave). 

Ohernical Ena,i,neP-rino S ect-ion-
Principa·i Resea~·ch Officer-R. W. Uric, RSc., 

S.M. 
Senior Research Officer-T. ,J. Birch, B.Se. 
Senior Researrh Officer--J. D. Illnckwood, M.Sc., 

Ph.D. 
Research Officer-JC. Hall, M.Sc. 
Research Officer-0. G. I ngles, TI.A., M.Sc. 
Research Officer-P. Terry, B.Sc.(Hons.), M.S. 

(Chem.Eng.). 
Research Officer-- A. 13. Whitel1cad, B.Sc.(Hnns.). 
Senior Technical Officcr-D. H . Trethewey, 

.A.M.T.C. 
Senior Techn ieal Officer-TI. W. Wilson, M.Sc. 
Techuical Officer-P. Casamento, D.Cbem. 
Technical Officer-A. Diele11berg, Dip.Ing. 
Technical Officer-F. M cGrory, B.Sc. 
Technical Officer-C. W. Thomas, TI.Sc. 

At Division of Rlec/;roterlmolooy, S71d11e11-
Resea1·ch Officer-fl. K. Welsh, M.Sc. (seconded). 

Bngincl!rin fl S errir.P.s-
Sen inr Techniral Officer-J. D. RosH, B.Sc., 

A.M.T.C. 
Se.ctional Draughtsmau-C. Simpson. 

Libra'l'y--
Librarian-:M:iss B. M. Brown, B.Sc. 

18. I RmO,\TION REsE.\ucn STATIONS, 

(Head-quarters: Merbein, Victoria.) 
Senior Officer-in-eharge-F. Penman, M.Sc. 
At Commonweallh Research Slr.ition, 111erbein (Murray 

Irri,qalion Areas)-
Officer-in-charge-F. Peuma11, M.Sc. 
Principal Research Officer-J. G. Baldwin, B.Agr. 

Sc., B.Sc. 
Senior Research Officer-R. J. L. Martin, M.Sc., 

Ph.D. 
Researcl1 Ofilcer-W. J. Webster, B.Sc. 
Research Officer- A. J. 1.\ntcliff, B.Sc.(IIons.). 
Research Officer-1if. R. Sauer, B.Agr.Sc. 
Research Officer-S. F. Bri<lley, B.Agr.Sc. 
Research Officer- R. C. Woodham, B.Agr.Sc. 
Research Officer-D. McE. Alexander, B.Sc. 
Research Ofilcer-M. :M:aasland, Ir.Agr., M.Sc. 
Research Officer-J. V. Seekamp, :0.Agr.Sc. (part-

time). 
Scuior Technical Officer-J . E. Giles. 
Technical Officer-G. L. Stott, A.S.T.0. 
Technical Office r-S. A. Giddings, B.Sc. 
Technical Officer-P. May, Ing.Agr. 

At Irrigation Research Station, Griffith (1lfurrumb·idgee 
Irrigation Areas)-

Officer-in-charge-E. S. West, B.Sc., M.S. 
Research Officer-0. T. Gates, B.Sc.Agr.(Hons. ). 
Research Officer- T. Talsma, Ir.Agr. 
Research Officer-D. Bouma, Ir.Agr. 
Research Officer-H. Groenewegen, Ir.Agr. 
Librari1111-Miss M. R.ussell. 

Seconded to New Sonlh Wales Departmenl of Agri
c11lture-

Senior Research Officer- D. V. Walte-rs, M.Agr.Sc. 
Research Officer- Mrs. J. Tully, B.Sc.(IIons.), 

Ph.D. 

19. LAND REsF.ARCH .\ND REGIONAL SunvEY SECTION. 
(Head-quarters: .Canberra, Australian Capital 

Territory.) 
A clrninistralion-

Officcr-in-clrnrge-0. S. Christian, B.Agr.Sc., U.S. 
Tecbnical Secretary- Miss M. :Mills, D.Sc.(Hons.). 

Regional Survey,q-
Senior Research Officer-G. A. Stewart, M.Agr.Sc. 

Aitsiralian Ma.inland Survey, Canberra-
Senio-r Research Officer-R. A. Perry, B.Sc. 

(Hons. ). 
Research Officer-N. H. Speck, Jyf.Sc. 
Research Officer-J. R. Sleeman, Il.Agr.Sc. 

(seconded from Division of Soils) . 
Research Officer-C. R. Twidale, M..Sc. 
Technical Officer-M. Lazarides, Q.D.A. 

Papua-New Gninca SurveJJ, Oanberra
Research Officer-H. A. Haa11tjens, Ing.Agr. 
Research Officer-R. D. Hoogland, D.Sc. 
Research Officer-B. W. Taylor, B.Sc. 
Research Officer-E . Reiner, Dr.rer.uat. 
Technical Officer-J. Saunders, B.Sc.Agr . 

A.,qrirnlt1iral Resenrch--
Priucipal Research Officer-E. Phillis, Ph.D., 

D.Sc. 
At K afherine Researrh Stnfion, N orlhern Territory

Research Officer- W. Arndt, B.Agr.Sc. 
Research Officer- F. H. Kleinscl1midt, B.Agr.Sc. 
ResParch Officer-R. Wetsclaar, Ing.Agr. 
Technical Officer-L. J. Phillips, Q.D.D.M. 
TerhniC'al Officer- W. R. Stern. B.Sc.Agr. 

At Kimlm·lev Resea1·ch Stat·ion. W P.sfern A ~straZia
Research 0 -Jfirer-L. C. Lee, 13.Agr.Sc. 
Technical Officer-E. C. B. Langfield. 
Tech.uical Officer-A. L. Chapmnu, TI.A.gr.Sc. 
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Climatology, Canberra-
Research Officcr-R. 0. Slatycr, M.Sc.(Agric.). 
Reseal'ch Officer-J. L. Frith, Il.Sc.(Agric.) 

(Hons.). 
Research Officer-J. C. Turner, B.Sc.Agr. 

(Hons.). 
Arid Zone, Al.ice Springs-

Technical Officcr-R E. Winkworth, D.Sc.(I-Ions.). 

20. ]:fATl-tEMATlCAL l NSTHU:MEN'J'S SECTION. 
(Hco.d-q1111.rtcrs: Department of Electrical Engineering, 

Uni vcrsi ty of Sydney.) 
Officer-in-charge-Professor D. M. Myers, B.Sc., 

D.Se.Eug. 
Research Officer-M. W. Allen, B.E. 

21. Drv1s10N 01,• MATlIE;\!ATICAL 8-rATISTICS. 

(I-Iead-quurters: University of Adelaide.) 
At IIead-quarlcrs, Adelaide-

Chicf-E. A. Cornish, B.Agr.Sc., D.Sc. 
.Senior Research Of-fleer-A. T. James, M.Sc., 

Ph.D. 
Research Oflh:cr-G. N. Wilkinson, D.Sc.(Hons.). 
Technical Officer-A. M. W. Verhagen, Cnnd.Nat. 

Phil.(Utrccht), 13.A.(Hons.) 
!lt Division of Animal Health and Production, 

Sydney-
Principal Resmll'ch Officer-Miss H. l'l. Newton 

Turner, B.Arch. 
Research Offiecr-V. J. Bofinger, B.Sc. (Hons. ), 

Dip.Ed. 
Hesearch Officer-Miss N. B. Hemingway, B.Sc. 

A/. Di1J·is-ion of Anvm.al. Health and Prod1,ction, Pras
pecl, Nciw South Wales-

Research Officer-H. Weiler, Lie.es. Se. (Par.). 
A/. Dicision of B1tild·in,(J Research, IIighetl, V ·icloria

Senior Research Officcr-R Birtwistle, D.Sc. 
Tcchuical Oflicer-G. A. Watterson, TI.A. 

.tit Goal .llesea.rch Sect-ion. North Eyde, New Sr)ll/,h 
H'ale.s-

Hescarch Of-fleer-A. G. Elliott, D.Se.(Hons.). 
At Division of Food Preservation and Transport, 

liom-cbush, New S01tfh Wales-
Senior Research O:fficcr- G. G. Coote, B.A., B.Sc. 

A I Di'v1'.s1:on of Ji'orcst Products, Jlf eZbo11.rne
Principal lfosearch Officer-E. J . Williams, 

TI.Com., D.Sc. 
Hescarch Officer-W. D. llall, B.A. 

Al Division of Plant Industry, Oanbe1"1·a-
Scnior Principal Research Officer-G. A. 

:McIntyre. B.Sc.(Hons.), Dip.Ed. 
Research Officcr-M. L. Dudzinski, B.Sc., B.El'. 

(Hons.). 
Al JJ.ivis'ion of Planl Tndnsfry, Brisbane-

Research Ofliccr-IC. P . Haydock, B.Se.(Hons.). 
Af. Region-1/l Pa8fm·al Laboratory, A rmidale, New 

S011/h Wales-
Research Officer- P. F . May, B.Sc.Agr.(I-Ions.). 

1lt ll'eslern ~lus/.rcil-ian Regional Laboratory, Perth
]{esearch Officer-N. S. Stenhouse, B.Sc. 

22. D1v1sroN oF M1,;1•1;;ono1.00ICAL PHYSICS. 

(Head-quarters : Station-street, Aspendale, Victoria.) 
Chief-0. H. B. Priestley, M.A., Sc.D. 
Senior Principal Research Officer-W. C. Swinbank, 

B.Sc. 
Principal Researnh Officcr- E. L. Deacon, B.Sc. 
Principal Research Officer-F. A. Berson, Ph.D. 
Senior Research Officer- R. J . Taylor, B.Sc. 
Research ·Officer- I. C. Mcilroy, B.Sc. 
Research Of-ficer- E. K. Webb, B.A., B.Sc. 
:Besearch Offic_er- 4 . J. Dyer, M.Sc., Ph.D. 

Research Officer-P. K. Ball, B.Sc.(Hons.). 
I{csearch Officer-C. F. Barrett, M.Sc. 
Research -Officer-W. W. Moriarty, M.Sc. 
Technical Officer-D. E. Angus, B.Sc. 
Technical 0£'icer-A. J. Troup, B.Sc. 
Technical Officcr-R. R. McGregor, Dip.App.Sc. 
Technical Officer-Mrs. N . F. MacNally, B.Sc. 

(Special) . 

23. DrvrsroN OF MErnor.ooY. 
(Head-quarters: N ationnl Standards L11boratory at 

University of Sydney.) 
Ohief-N . A. Esserruau, B.Sc. 
Technical Secretary-N. J. C. Peres, M.Sc. 
Senior Principal Researcl1 Oificer-0. A. Gladman, 

B.Sc., A.C.G.I. 
Principal Research Officer-G. A. Bell, B.Sc. 
Principal Research Officer-0. F . Bruce, M.Sc. 
Senior Research Officer-II. J. Ritter, Dr.rer.nat.-

math. 
Senior R esearch Officer-,1. A. Macinante, 13.E., 

A.s:r.c. 
Senior Research Officcr- M. ,T. Puttock, Il.Sc.(Eng.). 
Senior Research Officer-TI. A. Ross, A.S.T.C. 
Research Officer-Miss M. G. I. Pearce, M.Sc. 
Research Of-fleer-Miss P. l\L Yelland. 
Research Officer-Miss M . C. Dive, B.Sc. 
Research Officer- Miss M. M. Douglas, B.Sc. 
Resea rch Officer- W. A. F. Cuninghame, B.E. 
Research Officer-J. Waldersee, B.Sc. 
Research Officer-I. F . Mayer, B.E., B .Sc. 
Research Officer-B. S. Thornton, ]if.Sc. 
Research Officer-E. G. Thwaite, B.Sc. 
Principal Technical Officer-R. H. Furniss, A.S.T.0. 
Senior Teclmieal Officer-B. I-I. P. Cresswell, A.S.T.C. 
Senior Technical Officer-R. Springer, Dr.Mach.Const. 

(Cologne) . 
Senior Technical ·Oiiiccr-R. J. E llis, B.E. 
Senior Technical Officer-A. Gibson, A.S.T.C. 
Senior Technical Officer-D. H. Fox, A.M.I.E. (Aust.) . 
Technical Officer-G. W. Gore, B.E., A.S.T.C. 
Technical Offi.cer-P. J. Sim, B.E., B.Sc. 
Technical Officer-L. Cridland, A.S.T.C. 
Technical Officer-E. Grunwald. 
Technical Officer-P . .Albrecht, Dipl.Ing. 
Technical Officer- S. A. Dunk, B.E., A.S.T.C. 
Teclmical Officer-R. S. Fisher, A.:M.T.C. 

24. 1\{1NERAO!?APHIC I NVESTIGATIONS. 

(Head-quarters: University of Melbourne.) 
Chief Research Officer- A. Il. Edwnrds, D.Sc., Ph.D., 

D.I.C. · 
Senior Research Officer-G. Baker, :M.Sc. 
Research Officer-J. ~Ic.Andrew, M.Sc., Ph.D. 
Research Offieer-R. J. P. Lyon B.Sc.(Ifons.) 

l'h.D. ' ' 

25. NATIONAL STANDA1ms L ADORATOllY. 

(The services shown hereunder are common to the 
Divisions of Mctrology, Elcctroteclmology and Physics, 
housed in the Laboratory.) 

Clc1·ical-
Chief Clerk-W. ,T. Gillespie, F.A.S . .A., A.O.I.S., 

J.P. 
Accountant-F. J. Whitty. 

Library-
Senior Librarian-Miss !L M'cKechnie, B.A. 
Librarian- Miss J . 1\f. Cook, B.~<\.. 
Librarian-1.fiss P . M. Callaghan, B.Sc. 
Librarian-Mrs. M. P . Fowler. 
Librarian-Miss P. I. Ross, B.A. 

Worl.·shops
Engineer-in-charg~ J . Hanna. 
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Umwin,q Office-
Chief Draughtsman-J. Coles. 
Sectional Draughtsman, Grade IL-I. ~\. Hey, 

A.M.l.E., I.E.E.(Eng.). 
Draughtsman, Grade IL-R. Partridge. 
Draughtsman, Grade II.-J. Weir. 

26. 0 m,rnr.oorcAL REsEAn.cH. 
(Head-quarters: '\\Taite AgricultnrnJ Research 

Institute, Adelaide.) 
Principal Research 0fficer-J. C. M. Fornachon, 

M.S~., TI.Ag.Sc. 
HcseaJ"cl1 O:fficer-ll. C. lhukine, :M.Sc. 

27. O1m-mmss1NG INVESTIGATJONS. 
(Head-quarters: University of Melbourue.) 

Officer-in-charge-Associate Professor FI. H. Dunkin, 
B.Met.E. 

Principal Rese>arch 0flicn- K. S. Blaskctt, B.E. 
Research 0fficel'- S. B. Hudson, M.Sc. 
Research 0 fficcr-J. T. Woodcock, B.Met.E., Ivl.Eng.Sc. 
Senior Technical 0fficer-F. D. Drews. 
Teclmicnl 0fficer-W. J . Trahnr, B.Sc. 

zs. PHYsrcM. META1.r.unoY SEcTJON. 

(Head-quarters: University of Melbourne.) 
Officer-in-charge (honorary )-Professor ,J. Neill 

Gl'cenwood, D.Sc., M.Met.E. (overseas). 
Principal Research Officer-H. ·w. Worner, D.Sc., 
. .M.Sc. ( seconded overseas). 

Senior Rercarch 0fHcer-R. C. Gifki11s, B.Se. 
Research Officer-D. R. Miller, M.Sc. 
Research 0fficcr-J. W. Suiter, :M.Sc. 
Senior Technical 0flicer-J. A. Corbett. 

2!.l. D1v1s10N or,' P:i-nsrcs. 

( llead-lJll!ll'ters: National Standards Laboratory at, 
Uni\·ersity of Syduey.) 

. I 1lmin islralion-
Chief-G. H. Briggs, D.Sc., Ph.D. 
Technical Secretary-D. S. 'vYooJward. 

Jieat-
Prineival Research 0flieer-A. F. A. Harpe1·, 

M.Sc. 
Senior Research 0fficer-'vY. R. G. Kemp, B.Sc. 
Senior Research 0fficer-R. G. Wylie, .M.Sc., 

Ph.D. 
Senior Research 0ffieer-G. K. White, M.Sc., 

D.Phil. 
Senior Research 0fficer-P. G. Klemens, M.Sc., 

D.Phil. 
Research 0fficer-W. A. Caw, B.Sc.(Hons.). 
Research Officer-Miss R Scott, D.Sc. ( 011 leave 

abroad). 
Research 0fficer-J. Mid<llehurst, M.Sc. ( on study 

leave abroad). 
Research 0fficcr-J . .A. Rayne, B.Sc., B.E. 
Research 0fficer-J. V. :\foAllan, B.Sc.(Hons.). 
Technical Officer-Miss I. :M. Beavis, D.S<l., 

Dip.Ed. 
Technical 0fliccr-T. P. Jor,es, B.Sc. 
Technical 0!Ticer-Miss W. Wilmanska, Dipl. 

Phys. . 

Light-
Principal Research 0fficer-R. -G. Giovanelli, 

D.Sc. 
Senior Research 0fficer-W. IL Steel, B.A., B.Sc., 

Dr.esSc. 
Research 0fficer-W. R. Blevin, M.Sc., Dip.Ed. 
Research Officer-Associate Professor G. H. 

Godfrey, lf.A., B.Sc. (part-time). 
Research 0fficer-0. E. Coulman, M.Sc. 

Senior Technical 0fficer-K. A. Wright, B.Sc. (on 
leave abroad). 

Technical 0fficer-W. J. Brown, A.S.T.C. 
Teclmical 0flicer-N. A. Florescu, D.Phys. 

Sofor Physics- . 
Research 0fficer-J. T. Jefferies, M.A., B.Sc. 
ReseaTch 0fficer-R. E. Loughhead, M.Sc. 
Technical 0fficer-V. R. Burgess, A.S.T.C. 

Blecfronics-
Resenrch Officer-A. F. Young, M.Sc. 

30. PLANT Frnni,: S1mTION. 
(Head-quarters: Graham-road, Highett, Victoria.) 

0fficer-in-charge-W. L. Greenhill, M.E. 
Senior Research 0ilicer-Miss J. F. Couchman, B.Sc. 
Senior Research 0 fficcr- G. W. Lanigan, M.Sc. 
Research 0fficer-W. She7lherd, B.Sc., B.Agr .Sc. 
Technical 0 fficer-C. J . Brady, B.Sc.Agr. 
Technical 0fllcer-J. A. Milne, A.M.T.0. 
Technical 0fficer-R. E . Spielrein, A.M.T.C. 

31. Drv1s10N 01,· PLANT INDUSTRY, 

(Head-quarters: Canberra, Australian Capital 
Territory.) 

A ,lministmtion-
Chief-0.H. Frankel, D.Sc., D.Agr., F.R.S. 
Associate 0hief-J. Griffiths Davies, B.Sc., Ph.D. 
Assistant Chief-R. M. Moore, M.Sc . .Agr. 
Technical Secretary-A. Shavitsky, B . .Agr.Sc . 
Assistant Technical Secretary-J. H. E. Mackay, 

B.Sc.Agr. 
Divisional E11gineer- G. L. Drown, R.Sc.(Eng.), 

A.C.G.I. 

Group 1-Botany and Genetics-
Leader-0. II. Frankel, D.Sc., D.Agr., F.R.S. 
Deputy Leader-C. Barnard, D.Sc. 

Genetics a11d Cytology, Canberra-
Senior Research Fellow-M. J. D. White, D.Sc . 
Principal Research 0fficer-F. H. W. Morley, 

B.V.Sc., Ph.D. 
Principal Research 0fficer-B. Griffing, M.S., 

Ph.D. 
Senior Research 0fficer-H. D. Brock, M.Sc.Agr., 

Ph.D. 
Research 0tficer-D. C. Wark, M.Agr.Sc. 
Research 0flicer-H. Daday, M.Sc. 
Research 0fficer-C. I. Davern, B.Agr.Sc. 
Research 0fficer-J. B. Langridge, M.Sc. 
Research 0flicP,r-D. L. Hayman, B.Ag.Sc. 

(Hons.). 
Technical Officer-Miss R. Stephens, B.Sc. 

(Hons.) . 
Technical 0fficer- J. W. Peak. 

8truch~1·ai Botany, Canberra-
Principal Research 0 flicer-C. Barnard, D.Sc. 

lferbcwium, Ca.nberra-
Senior Research Officer-Miss N. T. Burbidge, 

M.Sc. 
Plant Introduction, Oanberra-

Pri11cipal Research 0fficer-W. Hartley, B.A., 
Dip.Ag. 

J{esearch 0fficer-0. A. Neal-Smith, B.Ag.Sc., 
R.D.A. 

Research 0fficer-H. J. Ketellapper, Ph.D., 
B.Sc. 

Technical 0fficer-R. J. Williams, B.Sc. 
Technical Officer-Miss D. E. Johns, B.Sc. 

Plant ]ntroclttclion, Western Aitstralia-
Senior Research 0fficer-E. T. Bailey, B.Sc. 
Teclmical 0 fficer-N. B. Gayfer, D.D.A. 

Jllicrobiology, Canberra.-
Senior Research Fellow-K. 0. Muller, D.Phil. 
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Senior Research Fellow-P. S. Nutman, B.Sc., 
Ph.D. 

Principal Research Officer- fl. R. Angell, O.B.E., 
Ph.D., B.Sc.Agr., M.S. 

Senior Research Officer-F. W. Rely, M.Sc.Agr., 
M.S. 

Research Officer-Miss K. Helms, M.Sc., Ph.D. 
Research Officc.r-S. M. Bromfield, Ph.D., 

M.Agr.Sc. 
Research Officer-F. J. Bergerson, M.Sc. 
Research Officer-M. Zaitlin, Ph.D., B.S. 
Technical Officer-J. Brockwell, D.D.A. 
Technical Officer-Miss J. Friend, B.Sc.Agr. 

Fruit I n1;estigations, II obart-
Principal Hesearch Officer-D. Martin, D.Sc. 
Research Officer-T. L. Lewis, B.Sc.(Hons.). 
Technical Officer-J . Cerny, Pll.D. 

Fruit Investigations, Queensland-
Priuci pal Research Officer-1. A. Thomas, M.Sc. 

Tobacco hwestigations, Canberra-
Principal Research Officer- A. V. Hill, M.Sc . .Agr. 
Technical Officer-M. Mandryk, B.Sc.Agr, 

Group 2-Chemistry and Physiology
Leader-Vacant. 

General Chemistry, Canberra-
Principal Research Ofliccr-0. 'H. Williams, M.Sc. 
Senior Research Officer-A. Steinbcrgs, Nut.Chem. 

(Riga). 
Senior Research Officer-D. J. Cosgrove, B.Sc. 

(Hons.), Ph.D., A.R.I.C. 
Research Officer-D. J. David, M.Sc. 

Soil Chemistry, Melbourne-
Senior Research Officer-L. H. P. Jones, Ph.D., 

B.Sc.Agr. 
Technical Officer-A. Sherrington, A.Sw. T.O. 

Plant Nitfrition, Canberi-a-
Senior Principal Research Officer-A. J. Anderson, 

B.Sc.(1'1.gric.) . 
.Senior Research Officer-IL D. McLachlan, 

B.Sc.Agr., B.Oom. 
Research Officer-D. Spencer, Ph.D., B.Sc. 

(I-Ions.) (abroad). 
Research Officer-J. V. Possingham, B . .Ag.Sc. 

(Hons.) (abroad). 
Research Officer-J. F. Loncragan, Ph.D., 

B.Agr.Sc. 
Plant Toxicology, Canberra-

Principal Research O:fficer- C. G. Greenham, 
lvLSc. 

Research Officer-N. A. Walker, B.Sc.(Hons.). 
Plant B·iochemistry, Canberra-

Senior Principal Research Officer-J. E. Falk, 
M.A. 

Research Officcr-P. L. Goldacre, B.Sc., Ph.D. 
Plant Biochemistry, Jltelbo1trne-

Research Officer-0. A. Appleby, Il.Sc.(Hons.). 
Tobacco Biochem·istry, Canberra-

Senior Research Officer- R. Johanson, M.Sc. 
Tcclmical Officer-P. Macnicol, B.Sc. 

Organic Chemistry, Canberra-
Research Officer-W. Bottomley, B.Sc. (Hons.), 

Ph.D. 
Technical Officer-P. I. Mortimer, M.Sc. 

Plant Phys·iology, Canberra.-
Principal Research Officer-L. A. T. Ballard, 

Ph.D., :M.A., M.Ag.Sc. 
Research Officer-J. A. Zwar, M:.Agr.Sc. 
Research Officer-A. H. C. G. Rijven, Ph.D., B.Sc. 
Research Officer-N. P. Kefford, M.Sc., Ph.D. 

Tobacco Physiology, Canberra
Researeh Officer-J. Calvert, D.Sc. 

Crop Physfology, Canberra-
Principal Research Officer-R. F. Williams, M.Sc. 

Group 'J-Ecolog~J and Agronomy
Leader-R. M. Moore, M.Sc.Agr. 

At Canberra-
Ecology-

Senior Principal Research O.llicer-R. M. M.oor~, 
M.Sc.Agr. 

Research Officer-C. W. E. Moore, M.Agr.Sc. 
Research Officer-L. F. Myers, M.Agr.Sc. 
Research Officer-E. F. Biddiscombe, M.Agr.Sc. 
Technical Officer-J. A. Robertson, Q.D.D.M. 

Agronomy-
Senior Research Officer-W. D. Andrew, 

M.Agr.Sc. 
Research Officer-W. M. Willoughby, B.Sc.Agr. 
Research Officer-H. L. Davies, Il.Sc. 
Research Officer-R. S. J. Lipsett, B.Agr.Sc. 

(Hons.). 
Technical Officer-J. D. WiJiiams, D.D.A. 

Dickson Experiment Station-
Technical Officer-R. J. Hutchings, D.D.A. 

At Regional Pastoral Laboratory, Armidale, New 
8011,th Wales-

N ative Pasl·ures-
Princi pal Research Officer-R. Roe, Il.Sc. 

(Agric.). 
Research Officer-J. E. Begg, B.Sr..Agr. (Hons.). 
Technical Officcr-V. J. Wolfe, Q.D.A. 
Technical Officer-B. E. Mottershead, B.Sc. 

Sown Pastures-
Research Officer-E. J. Hildcr, B.Sc.(Agric.). 
Technical Officer-J. A. Thompson, B.Sc.(For.). 

Plant Nutrition-
Research Officer-IC Spencer, B.Sc.Agr. (Hons.). 
T echnical Officer-N. J. Barrow, B.Agr.Sc. 

Ecolo,qical Survey-
Senior Research Officer-R. W. Jessup, M.Sc. 
Technical Officer-F. R. Gnauck, B.Sc. 

Ohem·ical Investigations-
Technical Officer-J. R. Freney, B.Sc. 

At R e_qional Pasloml Laboratory, Deniliquin, New 
South Wales-

Officer-in-charge-R. W. Prunster, B.Sc.(Agric.) 
(abroad). 

Ecology-
Research Officer-0. B. Williams, M.Agr.Sc. 

Hydrolog!J-
Research Officer-J. R. Philip, Il.C.E. (abroad). 

Ch emistry-
Technical Officcr-R. J. Hunter, B.Sc. 

Procluction ancl Ut·ihzation-
Research Officer-R. N. J. Bickcrdike, B.A. 

Agronomy-
Research Officer-M. J. Barneveld, M.Sc. 
Technical Officer-Miss V. E. Rogers, B.A. 

At l,fitcliell Laboratory, Tranqie, New South Wales
Research Officer-A. A. Holland, M.Sc.Agr. 

.,lt Irrigation Research Sto.tion, Griffith, New South 
Wales-

Ecology-
Research Officcr-E. Levi, M.Sc. 

At University of Queensland, Bri.sbane
Ecohi.ff 11-

Senior Research Officer-L. J. Webb, M.Sc. 
At 1Va.ite Inst-it1tie, Adelaide, 8011th Australia-

Oil Crop Investi,qat-ions-
Scnior Research Officer-B. Horowitz, D.Agr.Sc. 
Research Officer- W. J. Lovett, D.Agr.Sc. 
Technical Officcr- 0. R. Kleinig, n.Ag.Sc.(Hons.). 

At b1stil11te of Agric11ltm·e, Perth, Western Australia
Plant Nvl'rition-

Principal Research Officer-R. C. Rossiter, D.Sc. 
Agr. 

neseareh Officer-P. G. Ozanne, B.Sc. (Agric.). 
Technicnl Officer-R. J. Pack, Q.D.A. 
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A91·011omy-
Research Office1·-A. W. Humphries, B.Sc.(Agric.) 

(Hons.). 
Tochnicnl 0 .fficcr-D. J. Kirton, D.Sc.(Agric.). 

Ghemislry-
Technical Ofncer-1'. Shaw, B.Sc. 

Plant Introduclio,,_ 
Senior Resean.:h Officcr-K T. BniJey, B.Sc. 
Tochnicnl Officcr-N. Il. Gayfer, D.D.A. 

:lt "Glen Lassie" Ji'ield Station, .Kojonup, Western 
A 11stralia-

Rosearch Officer-E. }{. Watson, B.Sc.(Agric.), 
M.Sc. ( Agric.). 

Tcclmical Offi.cor-P . Lapins, :M.Agr.Sc. 
Technical Officer-J. Beresford, D.D.A. 

Uro,tv 4--Agroslolo,,,y and Agi-ono111y ( QuecnsZmul)
Lcader-J. Griffiths Davies, B.Sc., Ph.D. 

1lg1·ostology-
Pri11cipa l Researcl1 Officc.r-T. n. Paltridgo, D.Sc. 

(Hons.) . 
✓lgronomy-

Priucipnl Research Officer-W. W. Bryan, 
1.LAgr.Sc. 

Research Officer-S. G. Gray, D.Sc.Agr. 
Technical Officer- B. n. Drott, 'D.Agr.Sc., Q.D.A. 

Regional 'l'rials-
'fechnical Officer-L. A. Edye, D.Agr.Sc.(flons.). 

Oalt/e Pastures-
Senior Hesenrch Officer-N. H. Shaw, D.Sc . .A.gr. 

(Hons.) . 
Technical Officer-0. T. Demnead, n.Agr.Sc. 
Technical Officer- T. W. Elich, Dip.Col..Agr. 

Plctnt Nufrition-
Senior Research Officer-C. S. Andrew, D.Agr.Sr. 
Research Officer-R. G. Coleman, Ph.D., TI.Sc. 

Agr., D.l.C. 
Technical Otficer- W. H. J. Pieters, Dip.Col.~gl'. 

Plclnt (,'hem:islry-
Hescarcli Ollieer- :M. P. llegarty, Ph.D., M.Sc. 
Technical Officer-Miss P. hl. 'lhome, B.Sc. 

Ecology-
Senior Research Officcr-J. E. Conld1·ake, li:LSc. 
Technical Officer- W. F . Ridley, B.Sc. 

G'enelics-
Principal Research' Officer-E. M. Hutton, D.Sc., 

.B.Ag.Sc. 
Legume llacteriology-

Principal Research O:ffice1·-D. 0. Norris, D.Sc. 
(Agric.). 

Plant 1 ntrod uction-
Pl'i.11ci pal IlesP.arch Officer-J. F. :Miles, M . .Agr.Sc. 
Research Officer- E. II. Kipps, B.Sc. 

1lt Cooper Laborato1·y, Lawes, Q1teC11.sla11d
ResearcL Officer- W. J. Bisset, D.Agr.Sc. 
Technical Officer-R. Milford, B.Sc., Q.D . .A. 
Technical Officer- H. Kiers, Dip.Col.Agric. 

32. DrvrsrnN OF RAnro Pnysrcs. 
(Head-quarters: University Grounds, Sydney.) 

Chicf-E. G. Bowen, O.B.E., M.Sc., Ph.D. 
Assistant Chief-J. L. Pawsey, F.H.S., 1.1.Sc., Ph.D. 
Technical Secretary-A. J. Higgs, B.Sc. 
,\ssistant Teclmicnl Secretary-L. L. 1vlcCready, B.Sc., 

B.E. 
Cloud and Rain Pltysics-

Princi pal Ilcsearch Officer-J. Warner, B.Sc., 
B.E. 

l:>l'incipal Ilesearch Officcr-P. Sq11ires, M.A. 
Principal :Research 08icer-E. J. Smith, :M.B.E., 

B.Sc. (Eng.). 
Research Officcr-N. R. Labrum, B.Sc. 
Research 0-fficer-E. E. Adderley, B.Sc. 
Research Officer-E. R. Bigg, M.Sc., Ph.D. 
Research Officer-S. Twomey, 11.Sc., P h.D. 
Resenrrh Officer- ,J. :M. Telford, .B.Sc. 

F.uri00/55.-11 

Radio Asfronomy-
Principal Ilesearcb Officer-J. H. Piddingtu11, 

i\1.Sc., B.E., Ph.D. 
Principal Research Officer-B. Y. Mills, D.Sc., 

1.LE. 
.Principal Research Officer-W. N. Christiansen, 

D.Sc. 
Senior Research O:fficer-F. J. :Kerr, M.Sc., M.A. 
Research Officer-S. F. Smerd, B.Sc. 
Research Officcr-0. A. Shain, B.Sc. 
Research Officer-J. A. Roberts, M.Sc., Ph.D. 
Research Officer-TI. X. McGee, D.Sc. (Hons.). 
Research Officer-J. A. Warburton, B.Sc.(Hons.). 
Hesearoh Officer-TI. F. Mullaly, M.Sc. 
Research Officer-A. W. L. Carter, B.Sc.(Hons.). 
Research Officer-A. G. Little, B.Sc., A.S.T.C. 
Senior Technical Officer- K. V. Sheridan B.Sc. 
Scinior Technical Officer-J . V. Hindmnn

1
• 

Senior Technical Officer-K. R. McAlister, 
A.S.T.O. 

Senior Technical Officer-J. D. Murray, B.Sc. 
(Eng.). 

Technical Officer-0. D. Slee, A.S.T.C. 
Technical Officer-M. M. Komcsaroff, 13.Sc. 
Technical Officcr-R. L. Dowden, B.Sc. 

Radio N avigalion-
Principnl Ilescarch Officer-H. -0. Minnett, B.Sc., 

D.E. 
Research Officer-G. A. Day. 
Research Officer-D. E. Yabsley, B.Sc., n.E. 
Rel:earch Officer-F. F. Gardner, B.Sc., D.E., 

Ph.D. 
Seniol' Technical Officer-P. T. Heilges, A.S.T.0. 
Technical Officer-R. S. Joseph, A.S.T.O. 
Technical Officer--!. K. Harvey, A.S.T.C. 

Phv11ics of Semi-conduclors-
Senior Research Officer-B. F. C. Cooper, TI.Sc. 

(Hons.), B.E. 
Research Officer-L. W. Davies, B.Sc.(Hons.), 

D.P hil. 
Research Officer-R. D. "Ryan, B.Sc., D.E. 
Senior Technical Offir.cr-F. C. Tonking, .A.S.T.-C. 
Technical Officer-TI. l\L Bartlett, B.Sc. 

Mathematical Compttlatio11-
Principnl llesearch Officcr-T. P earcey, B.Sc. 

(Hons.). 
Principal Research Officer-M. Beard, B.Sc., B.E. 
Tiesearrh Officer-G. W. H ill, M.Sc. 
Tcch11icnl Officer-R. T. H. Bowles, A.M.T.C. 
Technical Officer-G. A. Chandler, A.S.T.O. 

Teet Room-
Seuior Teclmical Ofilcer- G. A. Wells, A.S.T.C. 
Technical Officer-T. E. Cousins, A.S.T.C. 

E-11ginceri11r1 Seruice:,-
Chicf Draughtsrnan-F. 111. Carter. 
Drnughtsmnn, Grade JI.-H. F. Peddie, A.S.T.C. 
Draughtsman, Grade U.-J. R. Morris. 

Officers .dbroad-
Principnl Research Officcr-J. G. Bolton B.A,. 
Senior Hcfearch Officer-R. N. Drncewcll, B.Sc., 

B.E .. Ph.D. 
Senior Research Officer-J. P. Wild, M.A. 
Research Officer-J. S. Turner, M.Sc. 
Research Officcr-E. R. Hill, M.Sc. 
RPsearch Officer-N. IT. Fletcher, Il.Sc.(Hons.) , 

M.A. 
Senior Technical Officer-G. J. Stanley, A.S.T.C. 

33. R.\DIO IlESEAHCJ( BOARD. 

(Head-qnnrters: University of Sydney.) 
OhiPf Scic11tific Officer-D. F. ::Martyn, D.Sc., Ph.D., 

A.R.C.S., F.R.S. 
Senior Principal Resenrch Officer-G. H. Munro, D.Sc. 
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Senior Resen rclt 0ffic()r-W. L. Price, B.Sc. (part-
time). 

Research 0 Aicer-J. A. Harvey, B.Sc. 
Research Officcr-R. A. Duncan, B.Sc. 
Technical Officer-L. TI. Heisler, B.Sc. 
Technical Officer-I-I. P. Hirschi, B.E., A.S.T1C. 
Technical Officer-R 13. White, B.E. 

34. Drv1s10~ oF SoJLS. 
(Head-quarters: W aitc Agricultural Research Institute, 

Adelaide, South Australia.) 
11t Adelaide-

A d1ninistralion-
Chicf-J. K. Taylor, B.A., M.Sc., B.Sc.Agr. 
Senior Clerical 0fficer-F. W. Blanksby. 

Soil S urvey cmd Pedology Section--
Senior Principal Rcsenrch Officer-0. G. Stephens, 

D.Sc. 
Senior RC'se11 rcli Officer-IC H. Northcote, n.Agr. 

Sc. 
Senior Ticsearch Oflicer-G. Blackburn, B.Agr.Se. 
Research Officer-E. A. Jackson, B.Ag.Sc. 
Research Officer-C. B. Wells, B.Ag.Sc. 
Tiesearch 0fficer-T. Poutsma, B.Sc. ( Agric.). 
Research Officer-Ir. •C. J. de Mooy (l.i.). 
Sectional Drnughtsmnn-P. D. Hooper. 

Soil Chemistr.11 Section- . 
Principal Chemist.-0. S. Piper, D.Sc. 
Principnl R esearch Officer-A. C. Oertel, .M.Sc. 
Senior Tiesea rch 0ffi.cer-R E. Shapter, 1\.A.C.l. 
Senior Research Officer-J. T. Hutton, TI.Sc., 

A.S.A.S.M. 
Research 0fficer-H. C. T. Stace, l\f.Sc. 
Research 0fficcr-B. M. Tucker, B.Sc.(Hons.). 
l{csearch 0fficer-R. S. Beckwith, B.Sc. (Hons.). 
Research 0fficer- M. Raupach, M.Sc. (abroad). 
Technical Officer-A. R. P. Clnrke, A.S.A.S.M. 
Teclmic·al 0fficer-R. M. McKenzie, A.S.A.S.l\L 
Technical Officer-R. D. Bond, A.S.A.S.:M., 

A.A.C.I. 
Technical 0fficer-K. G. Tiller, B.Sc. 
Technical Officer-Ir. M. P. C. de Vries (Li.). 

Soil Physics Sertio11,-
Scnior Principal Research 0ffircr-T. J. Marshall, 

M.Ag.Sc., Ph.D. 
Ilesearch 0flicer-J. P. Quirk, Il.Sc.Agr.(Hons.)., 

Ph.D. 
Research 0fficer-J. W. Holmes, M.Sc. 
Research 0fficer-0. G. Gurr, B.Sc. 
Tiesenrch 0fficcr-D. S. :McIntyre, M.Sc. 

Soil Jllicrobio1ogy Section-
Principal Research Officer-R. ,J. Swaby, M.Sc., 

M.Ag.Sc., Ph.D. 
Resc::irch 0tRcer-J. R. Harris, M.Sc. 
Rc~carch 0fficer-J. N. Ladd, M.Sc. 
Teclmical 0fficer- Misi; .T. T. Sperber, B.Sc. 

Soi/. Mechanic,Q Sflcf.ion--
Scnior Rescurcl1 0fficcr-G. D. ,\itchison, :M.R 

(nt Uni,·ersity of Melbourne). 
Ilcsearch Officer-I. B. Donald, B.C.E. 

Soil Mineralogy Sectwn-
Rrnior Rc,:earch 0fficer- K. Norrish, l\'1.Sc., ]_)h.D. 
Research 0lficor-E. W. Radoslovich, :M.Sc. 
Rc~cnrcb Officer- Mrs. L, E. R. R ogers, M.Sc. 

At Brisbane-
S oil S11r1;ey and Pedology Section~ 

Principnl Research Officer-G. D. H11bblc, 
B.Ag.Sc. 

Rr.•<>arc·h O fficcr-G. G. Beckmann, B.Sc. 
Re~<>at·cb 0fficer-W. H. Litchfield D.Sc.Agr. 
Technirnl 0fficer-C. II. Tliompso~1, Q .. D.A. 

Soil Physics-
Research 0fficor-G. D. Stirk, B.Sc. 
'fe<'hniN1] 0ffir<'r-R. E. Prebble, B.Sc. 

Soil Ohem:istry-
Senior Research Officer-A. E. Martiu, B.Sc., 

F.R.I.C. 
T echnical Officcr--R. Reeve, Dip.Iml.Chew. 
Technical Officer-II. J. Beatty, Dip.Ind.Chem. 
Technical 0fnccr-.Miss .J. Uichardson, B.Sc_ 

A t. Canberra-
Soil Survev anrl Pedology Section,-

Principal Research 0fficer-13. E. Butler, B.Sc. 
(Agric.). 

Senior Research 0fficer-R. Brewer, B.Sc.(Hons.). 
Research 0fficer-D. 0. rnn Dijk, Ing.Agr., D.Sc. 
Research Officer- J. R. Sleeman, D.Agr.Sc. 

(seconded to Laud Research and Regional Sur
vey Section). 

Research Officer-IT. M. Churchward, B.Sc.Agr. 
(Hons.) (at Deniliquiu) . 

Teclrnicnl Officer- Miss M. 1'. Grreu, B.Sc. 
8oil Chemistry-

Research Fellow-A. Wild. D.Sc .. Ph.D. 
Senior Technical Officer-...-\. D. Haldane, B.Sc. 
Technical 0fficer-1frs. ~I. R Reid, M.Sc. 

Sou Physics-
Technical Officer-A. V. Blackmore, B.Sc. 

At Hobart-
Soil Survey and Pedology Section-

Senior Ilesearch 0fficer-K. D. N icolls, B.Agr.Sc., 
B.Sc. 

Research Officer-G. M. Dimmock, B.Sc. 
Research 0fficer-J. Loveday, M.Ag.Sr. 

Soil Chemistry-
Technical Officer-..-\. M. Graley, B.Sc. 

,.Jf. Perlh-
Soil Survey anrl Pedology Sectio11,-

Resean·h 0 fficer-:M . J. ~Inlcah~·, B.Sc. 
Research 0ffic-er-L. W. P ym, B.Sc.(.A.gric.). 
Research 0fficer-W, M. Mc.llrthur, B.Sc.(Hons.). 
Technical 0fficer-R T3ettmrny, B.Sc.(Agric.) . 

Roil Ohe11ti~lr.11-
Researcl1 Officer- A. G. Turton, B.Sc. 
Technica I 0fficer-F. ,T. Hingston, B.Sc. 

Offi,·ers on 8/11rlenlships-
.A. D. Rovira, M.Agr.Sc. , 

35. T uAcEn ELEl11;:xTs I m·1ssT1GAT10Ne. 

(II end-quarters: Chemistry School, University of 
Melbourne.) 

Senior Tiesenrch Office!'-~\. M. Downes, M.Sc. 
Rese11rch 0 fficer-K. R. Lyuu, Il.Sc. ( IIons.). 

36. DIVISION OJ.' TRIDOPHYSICS. 
(Head-quarters: Uninirsity of Mrlbourne.) 

Chief-W. Boas, D.Ing., liI.Sc. 
Principal Resrnl'C•h Officer-1'f. F. H. Mn lcahy, D.Phil., 

'l\f.Sc., .A.G.Iust.Tech. 
Senior Research Officer-L. M. Clarcbrough, B.Met.K, 

M.Eng.Sc. 
St>uior Research 0fficer-lif. E. HargreaYes, Ph.D., 

TI.Met.E. 
Senior Research 0fficer-J. K. Mackenzie, Ph.D., B.A. 

(Rons.), B.Sc. 
Senior Research Officer-A. J. W. lfoore, Ph.D., B.Sc. 
Senior ResearC'h 0fficer-R. G. Vines, M.Sc. 
Research 0fficer-B. D. Cuming, M.Sc., Ph.D. 
Research 0fficc1·-.\ .. J. Dads, B.Eug. (abroad) . 
Research 0fficer-E. Gillam. B.Sc., M.S. (Calif.) . 
Research 0fficer-D. F . Klem perer. Ph.D. 
Research 0fficer-D. Michell, Il.E.E. 
Reseurch 0fficer-J. F. Nicholas, B.A.(Hous.) , B.Sc. 
Research 0fficer-G. J. Ogilvie, Ph.D., B.Mct.E., 

M.Eng.Sc. 
Research 0fficer-M. J. Ridge, M.Sc. 
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Research Officer-J. V. Sanders, Ph.D., B.Sc.(Hons.). 
Research Officer-Mrs. ll. M. C. Sosnowsky, Ph.D. 
Rescat·ch Officer-J. A. Spink, M.Sc. (abroad). 
Research Otliccr-0. W. West, B.R.E., B.Sc. 
Technical Officer- J. J. Batten, B.Sc. 
Technical Officer-G. Brinson, B.Sc. 
Technical Officer-E. D. Hondros, B.Sc. 
Teohuicnl Officer-G. R. Perger, F.11.T.0. 
Technical Officcr-R G. Sherwood, A.M.T.C. 
Technical Officer- W. J. McG. Tegart, M.Sc., 

A.M.T.C. 
Technical Officer-A. J. White, A.R.M.T.C. 

37. WILDLIFE SURVEY SECTION. 

(Ilead-quarters: Canberra, Australian Capital 
Teri:itory.) 

Officcr-in-charge-F. N. Ratcliffe, TI.A. 
P rincipal Research Officer-R. Carrick, B.Sc., Ph.D. 
Sectio11nl Secretnry-1!~. N. Robinson, B.A. 
Research Officer-A. L. Dyce, B.Sc.Agr.(Hons.). 
Research Officer-D. J. G. Marlow, B.Sc. 
Research Officcr- R. Mykytowycz, D.V.M. 
Technical Officer-I. C. R. Rowley, D.Agr.Sc. 
Technical Officer (Librnrian)- Miss N. Turnbull, B.Sc. 
At Perth, lVeslem Australia-

Principal Research Officer-D. L. Se1·venty, B.Sc., 
Ph.D. 

Research Officer-J . H. Oalaby, A.B.S.M. 
Research Officer-G. M. Dunnet, B.Sc., Ph.D. 

At Woodstock, Western A.11stralia-
Reseorch Officcr-E. H. M. Ealey, M.Sc. 

Al Albury, New Sonlh Wales-
Senior RcsC'arch Officer-IC l\Iyers, D.Sc.(Hons.). 
Research Officer-G. W. Douglas, Il.Agr.Sc. 

(Hons.). 
IlcH'arch Ofiiccl'-W. E. Poole, B.Sc.(Ilons.). 

J f Griffith, N,iw South Wales-
Smior ResC'arch Officer-ll. J. Frith, D.Sc.Agr. 

,.l( Armidale, New Smdh Wales-
Senior Research Officer-B. V. Fennessy, B.Agr.Sc. 
Tc•cfo1ical Officl'r-E .. J. Waterhouse, B.Ag.Sc. 

as. Woor, TEX'flLE Il1::s ~:AIICH LADORATOillES. 

8cnior Officer-in-duuge-F. G. Lennox, D.Sc. 
At Wool Textile Research Labot(tiory, }.[ olliourne-

Riocltemislry Unit, 343 Royal-p<tmde, Parkville. 
Vicforia-

Officer-in-chargo-F. G. Leunox, D.Sc. 
Laborntory Secrotnry-C. Garrow, D.Com., D.P.A., 

a.A.S.A. 
l)riucipal Ilescnrch Officcr-H. Lindley, B.A .. 

Ph.D. (abroad). 
Prinripal RC'search Officer-W. G. Orewtl1er, M.Sr. 
Senior ReRcnrnh 0-fficer--T. A. Pressley, B.Sc. 
Senior Rese11rrh Officer- J. M. Gillespie, M.Sc. 
Senior Research Officer-M. a. ,Tcnnyn M.Sc. ~n , , 
Senior Resciueh Officer-S. J . Lench, B.Sc.Tech., 

Ph.D. 
Senior Reseincb Officer-K F. Woods, :A:LSc., 

A.:M.T.C. 
Senior Research Officer- J. :M. Swan, B.Sc., 

Ph.D., D.I.O. 
Senior Resenrch Officp1•- R. D. B. Fraser, Ph.D. 
Research Officer-W. E. SaYigc, Ph.D. 
Research Offirer-E. 0. P. Thompson, M.Sc., 

Dip.Ed., Ph.D. 
Research Officer-J. P. E. Humnn, Ph.D. 
Research OA'iccr--D. H. Simmonds, 11.Sc., Ph.D. 
Research Officer-I. ,J. O'Donnell, M.Sc. 
Research Officer-TI. S. Harrap, Ph.D. 
Research Officer-G. E. Rogers, M.Sc. (a.broad). 

Research Officer-P. H. Springell, M.A., Ph.D. 
Research Officer-J. A. Maclaren, Ph.D. 
Research Officer-G. Youatt, Ph.D. 
Research Officcr-T. P. Macllae, M.Sc. 
Technic11l Officer-A. B. McQuade, TI.Sc. 
Technical Officer-I. G. Stell, A.Sw.T.C. 
Technical Officer-K. I. Wood, A.M.T .<J. 
Technical Officer-S. V. Brasch, B.Sc., A.G.Inst. 

Tech. 
At Wool Textile Research Laboratory, Sydney

Physics and Engineering Unit, 1'he !Ierrnifoge, 338 
Blaxland-road, R yde, New South Wales-

. Officer-in-charge-V. D. Burgmann, B.Sc., B.E. 
(Hons.). 

Technical Secretary-II. W. Ji,f. Lunney, B.Sc., 
B.E. 

Principal Research Officer-J. G. D{lwnes B.Sc. 
Principal Research Officer-N. F. Robert;, M.Sc. 
Senior Re.search Officer- II. W. Iloldaway, B.Sc., 

Il.E. 
Senior Research Office1·-M. Feughelman, B.Sc. 

(Hons.), A.S.T.C. 
Senior Research Officer-Mrs. K. R. Makinson, 

B..A. (Hons.), F.Inst.P. 
Research Officer-E. G. Bendit, M.Sc. 
Research Officer-J. F. P. James, .M.Sc. 
Research Officer- i\L CLuikin, B.Sc., Ph.D., Dip. 

Eng. 
Research Officer-I. M. Stuart, M.Sc. 
Research Officer-P. :N"ordon, B.Sc.(Hons.), 

A.S.T.C. 
Research Officer-:M. W. Andrews, B.Sc.(Hons.). 
Research Officer-IL Baird, M.Sc. 
Researcl1 Officer-Miss V. Laws, ll'LSc. 
Senior Technical Officer-B. G. Leary .A.S.T.C. 
Technical Officer-Miss J. C. Griffith, B.Sc., 

.A.S.T.-0. 
Technical Officer-B. J. Rigby, .A.S.T.C. 
Tcch11ic11l Officer-A. G. Stutter, B.Sc.(Hous.). 
Technical Officer-A. R. IIaly, B.Sc. 

dt Wool Textile Research !10.boratory, Geelong, 
J/ivtoria-

Officer-in-clrnrgc- :M. Lipson, B.Sc., Ph.D. 
Technical Secretary-T. Topham, A.M.I.I.A., 

A.T.I. 
Sen~or Research Officer-D. L. C. Jackson, B.Sc. 
Semor Rescnrch Officer-G. W. Walls. B.Sc. 
Hcsearclt Officcr-C. A. Anderson, B.Sc. 
Research Officcr-J. II. Bradbury, M.Sc., Ph.D. 
Research Officer-J. Dclmenico, D.Sc.(Hons.). 
Research Officer-A. J. Farnworth, M.Sc., Ph.D., 

A.G.Iust. Tech. 
Research Officer-J. R. McPhec, B.Sc .. D.Phil. 
Research Ollicer-C. II. Nicholls, TI.Sc. (Hons.), 

Ph.D. 
Research Officer- D. S. Taylor, TI.A., B.Sc., Ph.D. 
Technicnl Officer-M. A. mggins, A.G.Inst.Tech. 
Trchnical Officer-B. 0. Lavery. 
Technical Officer-P. R. Strutt, B.Sc. 
Technical Officer-G. C. West, A.G.Inst.Tech. 

XXXIV. PUBLISHED PAPERS. 
Tbe following papers hn,,e been published during 

tl1e year:-
1. ANIJ\fAl. GBNBTICS SECTION. 

llowliug, D. F. (19ii4).-Thc induction of ornlation in 
cattle. At1sf. r et. J. 80: 240-3. 

Dowlin~, D. F., and Carter, H. B. (1!)54).-The hair 
follicle and apocrine ~land populution of cattle 
skin. Aust. J. Agri~. Res. 5: 745-54. 

Frnser, A. S. (1954) .- Dc,·elopment of the skin follirle 
population in Me1·ino sheep. Aust. J. Agric. Rell. 
5: 737-43. 
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Nay, T., and FrnBcr, A. S. (1954).-Growth of the 
monse cont. I IJ. Patte1•ns of hair growth. Atrnl. 
J. JJiol. Sci. i: 3Gl-7. 

11endel, J. M. (H>J4).-Usc of rcgrcssioni; to increase 
hcritnbility, Attsl. J . Biol. Sci, 7 : 3GS-78. 

Sobey W. R., and Adnms, IC M. ( 1955).-A report 
o~ the llellige haemoscopc. JJ1ed. J . Aust. 
1: 527-9. 

2. D1v1stoN OF Atn:i.rAL IlE.nTn AND P nonucTION. 

.Alexander, G,, lV[cCancc, I., cmd Watson, n. II. (1955). 
-Some observations 011 losses among :Merino lambs. 
Age nt dPath, birth wP-ight and durntion of gesta
tion of tho l11111bs from ouc flock. Aus/. Yet. J . 
31: S5-90. 

Austin, C. R, and DradN1, A. W. TI. (1054).
Anomalies in rnt, mouse, and rabbit eggs, Aust. 
J. Biol. Sri. 7: 53i-42. 

Austin, C. R., nnd I3:·adcn, A. W . H. (1055) .-Observa
tions on 1rnclcar size aud form in living rat and 
mouse eggs. R~·p. Cell Rr.s. 8 : 163-,Z. 

llrade11, A. W. II. (1054) .-Infertility in rats and mice 
following oestrogen treatment early in life. 
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XXXV.-FINANCE. 
l, EXPENDITURE, 

The statement of expenditure from 1st July, 1954, to 30th June, 1955, is as follows:
£ 

Salaries and contingencies 
l11vcstigat1uns-

( i) A11i111al Health and Production Problems 
Les:, co11trilmt1011s 1ru111-

\,\ ool ite:;c,ucil 'lTust Account 
Co1m11011wca1tll Haul, 
Australian .!Jairy .l:'roduce Boa1·d 
Aui;tradu11 :Meat ilourd 
George .'>iLkcn l'astural Research Trust 
Ian .Mci\laster llequest .. 
Alex. Fraser Memorial Fund 
Wm. Mcllrnth l•ellowship 
Devartmeut oi 'l'erritoncs 
J. L. Wilson .. 

218,526 
218 

2,218 
f>,Ol:15 

600 
5,410 

300 
2,5!1 

4t5 
100 

1,700 

£ 

533,061 

llurdekin Bequest (Drought feeuing) 
\V 001 lndu:;try l<'uud JJr. 250A 
Special Hevcnuc Fumls-

Hurdckin Bequest .. 
.. Gilruth " Pl:uns Field Station 

Belmont Field. Station 

(ii) Biocl1c111istry uncl G euerul N utrition Problems 
Le111, contributions from-

Wool l{eseurch Trust Account 

(iii) P·la.nt Proble111s-Divisiou of Plant Industry 
Less contributions from-

Wool l{cscarch Trust Account 

(iv) Entomology Problems 
(v) l::ioils and Hrigation Problems of Irrigation Settlements-

(a) Citriculturnl-Heseiu-ch ::itatioo, Grilhth 
Less coutributions from-

N.S.W. Water Conservation and Irrigation Commission 
Special Heveuue F und-Grilfith Re;;;earch Station 

( b) Viticultural-Rescarch Station, Merhein 
Less contribution~ from-

Dried Fruits Control Board 
Mildurn. Co-op. Frnit Company 
lrymplc Packi11g Company 
Red Cliffti Co-op. Fruit Company 
Aurora l'acking Company 
Co-op. Driec\ Fruit Sales Ltd ... 
Nyah-Woorinen Enquiry Committee 

(vi) Soil Pro bl ems 
(vii) Foocl Preservation and 'l'r:msport Problems 

Lelis contributions rrom- . 
N.S.W. Department of Agriculture 
Metropolitan )lcllt Industry Commission 
Queensland Meat, Industry lloard 
Australian :Meat Board 
Australian E1?g Boarcl 
Commonwealth Can Makers' Association 
Depa rtment of Commerce nnd Agriculture 
Apple and Pear Board 
Vnrions Contributors 

(viii) Forest Products Problems 
Less contributions from-

Austrn.lian Pa per Manufacturers Lt d. 
Associated Pnlp and P ane,· Mills Ltd. 
Austral im1 Newsprint Mills .. 
New Zealnnd Fore~t Product;;; Ltd. 
Department of Territories 
General Donations 
Wooden Case Manufacturers' Association 

(ix) Mining anrl Mrtalluray .. 
l,eRs conti-ihntions from-

Austrn lasian Tn~titutc of 1\,fining and Metallurgy 

(;,;) Radio Re•('Arrh 
Less contrihntions from

Postmnster-Gencral's Depnrtment 

1,492 
23,1!43 

954 
263,138 

102,108 

37,994 
37,994 

554,858 

96,658 
96,658 

39,802 

2,000 
2,401 

4,401 

50,415 

1,600 
250 
250 
250 
250 
250 
75 

2,925 

170,423 

2,026 
500 

1,275 
500 
750 
3f>2 

7,48tl 
62 

636 
13,587 

240,654 

1,000 
1.000 
1,000 

liOO 
2,897 

101 
165 

6,fl63 

29,387 

1,000 
1,000 

37,346 

o.:i:is 
o.:i:is 

---

£ 
242,4084 

209,923 

64,114 

458,200 
1118,400 

35,401 

56,490 

91,891 
lOl,433 

165,836 

233,091 

28,387 

28,008 

• Tl10 mnt" \trf""ls nf CXl'lCNJiht~_fl under thl.; hcnrlinu l\TO cnln.ricc. of the Adn11"b•ttntlvc ~taff n:t, t.'ho OrJla'"lznttnn'fl Hcmrl Offir.o ~ snlariftl' t\lld exr,cni:e;; of r-mcer.i. 
•t t,ho J,intsm1 0111, es I I London nml Wnsh\naton : st.ntT n°1I un,een or StJllo Committees: t.r,wefhnl!' nxnen•e~ of 1:1.ead Office Staff; nnd ll:808ra1 ofllro expendlbtre. 

J...-Jlcla tes to adjustment of expenditure between Wool Indnstry Fund and W!lol ltcsearch Trust Accot1nt. 

F.5500/55.-13. 



(xi) Ucsearch Services 
Less contribution from-

\Vool Resenn·h 'l'rnst Account 

(xii) I11dustrial Chemistry 
Less contributions from

National Ga~ ,\8~och1tiou 
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Cement and l'oncrete Association 
:Mt. Morgan i.td. and Mt. Lyell Mining 11nd H.uilway Co. Ltd. 
Australian Atomic Energy Commission 
Various Contributors 

(xiii) Fishcric:. Investigations .. 
Less contributious from

N .S.W. Government 
Department of the Navy 

(xiv) Mathematical Statistics .. 
(xv) National Standards Laboratory 

(xvi) Tribophysics 
(xvii) Building Research 

(xviii) Plant Fibre Research 
(xix) Radiophysics Research 
(xx) Metallurgical Research 
(xxi) Nuclear Energy Research 

( xxii) Meteorological Physics 
Less contribution from-

Committee for Dried Frnit :Marketing 

(xxiii) Dairy Reseureh . . . . 
Less contribution from

Australian Dairy Produce Board 

( xxiv) Wool Textile Research 
Less contributions from-

·wool Research Trust Account 
Department of Supply 
Associated 'Woollen and Worsted Textile Mnnufnclurer;: of A11xtr,1li8. 

(xxv) Fuel Research 
(xxvi) Wildlife Survey 

Less contribution from-
Wool Research Trust Account 
George Aitken Pastoral Research Trust 

( xxvii) Lund Re~carch and Regional Survey 
Le.~s contributions from-

Depnrtment of Nntional Development 
Department of Territories 

( xxviii) Genetics · 
Less contribution from-

'Wool Rese1treh Trust Account 

(xxix) Miscellaneous-
( a) Biophysicnl Hooenrch 
( b) Oenolo!!ica 1 Research 
( c) F.xtrn-mura I Investigations 
(cl. ) Farm "Mech1mizntion Research 
(e) Various .. 

Les.~ contributions from
A11stra.!in.n Wine Boo.rd 
Science nrnl Industry Endowment Fund 
Commonwealth Bank 
Australian Dairy Produce Board 

(xxx) U11fureseen mid Urgent .. . . 
Tota l of Item ( b )-Investigations 

( i) Researcl1 Associo.tiom,-
Lentl1er Researcl1 Association 
Dread Research Institute 

(ii) Overseits Rcseareh Studentships 

Le.~s contributions from-
\Vool Research Trust Account 
Science and Industry Endowment Fund 

'.rotnl Salaries nnd Cont ingm1cies. Tnvesti/!lltions. nncl Grants 
Le-~s receipts from sales of equipment, publications, &c., and revenue earned 

by Divisions nncl Sections, details of which are shown in Section 5 .. 

:£ £ .£ 
187,694 

4,756 
4,756 

439,850 
182,938 

133 
1,500 
4,581 

15,866 
150 

--- 22,230 

147,183 
417,620 

250 
1,057 

1,307 
145,876 
57,587 

429,661 
71,/i91 

119,068 
33,237 

275,441 

53,671 

9,854 
12,618 

328 --- 328 

42,615 
53,343 

188 
--- 188 

266,812 
42,427 

257,394 
1,000 
1,764 

260,158 
6,654 

83,117 
116,620 

41,880 
1,206 

43,086 

105,692 
40,031 

18,353 
11,949 
--- 30,302 - 75,390 

27,834 

13,917 
--- 13,917 

--- 13,917 

1,846 
6,181 
8,300 
6,606 
5,970 -

27,903 

3,090 
719 

5,000 
500 

--- 9,309 
18,594 

3,782,656 

7,500 
7,500 

15.000 
33,700 

48,700 

2,018 
1,985 

4,903 - 43,797 

4,078,861 

80,543 

3,989,318 
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2. CONTRIBUTIONS AND DONATIONS, 

The following statement shows the receipts and dis• 
b~rsements during the year 1954-55 of the funds pro• 
vided by outside bodies and recorded in the special 
account entitled "The Specific Research Fund" 
(formerly "The Specific Purposes Trust Account") 
-with the exception of the Wool Industry Fund, details 
of which appear in Section 4:-

Hcccipta 1954-55 
nn!I balances Expenditure 

brought forward lOC.•l-55. 
from 1953-54, 

Commonwealth Dank (Animal 
Health and Production) Genetics, 
nnd Farm llfoclmn i.zation Investi-

£ 

gations) 5,526 
Australian Wool Boa.r d ( Bio-

chemistry and General Nutrition 
lmcstigntions-Shccp Research) 882 

Australian Dairy Prorlucc lloard 
('Mast itis Tm·estigations) . . 2,000 

George Aitken Pastoral Research 
Trust (Animal Health ttnd P ro-
d11ctio11 Investigations) ;iOO 

W. l\Icilrath Research Fellowship 
F und (Ex.p~ns~s of Fellowship-
Animal Hu~banclrv) . . . . 2,:317 

A11stralia11 M~at Board (Cattle 
l3recd_ing Im·cstigations) ii,7!JO 

~\ustr:1 hnn l\Icat Boa rel ( Ca, eous 
Lymphndcnitis Investigations-
Animal H(,alth and p·rocluction) ;I!)!) 

Anstrnlian l\l('at Bonrrl (B'.lvinc 
Plcurnp11r11monia Invl•st;g-,itions ) !JO 

:\nstralian l\'lrat D(ln1·d (Paranito-
l•>i!i1:al Studies o[ Cattle) 8fi7 

:\n~tra!ian D,tiry l!rcduce Doard 
( Pnrasitol,1g-i1·a I Studies of 
Cattle) · . . . . . . 4.~4 

.-i. lcxa1Hlcr Fraser "?lfo,norial Fund 
( Animal Henlth and Prndu~tion 
Investigations) aoo 

N.S.W. St:Ltc Cancer ,c'onncil 
( Animal Hrnlth and Produc-
tion-Cancer Resea rch Project) 750 · 

D~pnrlmcnt of Tl'rriiories (Impor-
tation of Cattle from Pakistan) 425 

J. L. Wilson- Studies of Tick 
Resistance of Cattle ( Animal 
Health ancl P1·ocluction Investi-
gations) JOO 

Estn.te of the late C{l.ptain Inn 
Mcl\faster ( Animal Health and 
Production Tm·cstigations) 5,728 

United Grazicrs' Association of 
Queensland-Studies of Tick 
Re~istance of Cattle ( Animal 
f!:ealtl1 and Production Investiga• 
tions) . . . . . . 1,000 

West Australian Golf A,ssociation 
(Plant lndmtry Inve~tigations) 61 

United Grar.icrs' Association of 
Quccn~lnnd-ButTnlo Fly and 
Cattle Tick Investigations (Ento-
mology) 172 

General Donntions (Division of 
EntomoloA'V) , . 12 

Burclekin Request ( Drought Feed• 
int?" Inve~tigations) . . . . 1,700 

N.R.W. Water Con~ervation and 
Irrigation CommiR~ion (Main-
tennnce of Griffith Research 
8t1ttion) 2,000 

Milclura Co-op. Fruit Co. (Dried 
Vine Fruits Investigations, 
Merhein) 250 

Irymplc Packing- Co. (Dried Vine 
Fm its Jnvestign tions, Merbein) 250 

Reel Cliffs Co-op. Fruit Co. (Dried 
Vine F ruits Investigations, 
Merbein) 250 

Aurora Packing Company (Dried 
Vine Fruits Investigations, 
Merbein) 250 

Co-on. Drierl Frnit Sales Ltd. /Dried 
Vine Fruits Inv~stiga tions, 
l\forhrin l 250 

Dri<'d Fruit~ Cnnt rol Board (Dried 
Frnits Im·,,stigntions) . . 1,600 

£ 

5,218 

2,000 

ii00 

2,517 

4,443A 

.J'.l6 

218 

:JOO 

42:3 

100 

5,410 

l,OOOB 

1,700 

2,000 

250 

250 

250 

250 

250 

1,600 

A.-Includc• ndlustment of ln53-5t expenditure. An amount or £4eO 
o,·or~cNted In 1054-fi5 will ])o ncljustcd In 1051>--66. 

B.-Thl• exp•~cllturc relntes to 1053-54. 

Receipts 1954-55 
nnd bnlances Expenditure 

brought forwnrd 1954-uG. 
from 1903-54. 

Nyah-Woorinen Dried Fruit~ In
quiry Committee ( Dried Fruits 
Investigations) . . . . 

Austral ian Dried Fruits Associ:ttion 
( Packing House Mcthocls fllves· 
tigiLtions ) .. 

Austrnlian Me:it Board ( Meat 
Investigations) 

Metropolitan Meat Industry Hoa.rd 
of New Sout.h Wales (Mer,t lnrns
tigntions) 

Queenslancl Meat Industry Board 
(i'-foat Im·estin-ations) . ." . . 

Department of Commerce and Agri-
culture (Mutton Dehvtlr11tion 
Investigations) · 

N.S.W. Department of Agric:1lture 
( Food Investigations) 

Vita Food Sup.ply Co. ( Food 
Investigations ) .. 

W. Angliss Ltd. ( Division of r~ood 
Preservation and Transport > .. 

Cottees Passiona Ltn. ( Food 1 nves
t igations ) 

L. Berger and Sons (Dh·isinn of 
Food Prese1 vation noel Trans
port) 

Various Contributors (Di"ision of 
Food .Pr·e,cn-ation and 1'rn•1~1>ort 
- l~ruit P roducts and Ca11;1i11g 
Tm•estig:ations) . . . . 

Australian Egg Bon rel ( Division 
of Food Preservation and Traus
port-Egg Im·estigations) 

Commonwealth Can M1tkers ' Asso
cin.tion ( Division of Food l'reser · 
rntion and Tntnsport- Ti:-!plat~ 
Invcstiga tions ) .. 

'.\'.S.W. Department of .A..Q"ric111ture 
-QuiPk Free7.ing of Fruit :incl 
Vegetab1es (Division of F oocl Pre• 
servntion and Transport l 

A11strnlian Pn.ner Manu far·t11 rers 
Ltd. (Pa.per Pulo Investigat ions) 

Australian News11rint l\Iills ( Paper 
Puhl Im·estigat:on~) . . . . 

~\s~ocintcd Pulp and Paner Mills 
Ltd ( Pit per Pulp J1we~t ir.ra tions l 

New Zealand Forest P rcidnct Ltd. 
(Paper Puln Tnvestil!ntions) 

Sundry Contributors (Forest Pro
duch Investigation~ ) 

Wooden Case ~fan11facturers 
( For~st Prorlncts Jnyesti11n tions) 

Depai·tment of Territories ( Develop
ment of Pulp a nd Paper Industry 
in N'ew Guinea) 

Australasian Institute of Mi11ing 
nnd Metallurgy (J\Hnerag l'aphic 
Investiga tlons j 

Postmaster-General's Department 
(Radio Res~areh) 

Drug Hou~e~ of Australia ( Dlvi• 
sion of Fisheries-Agar Produc
tion) 

Miscellaneous Contributors (Dil'l• 
sion of Industrial Chemistrv ) . . 

Commonwealth FP.rtilizrrs • and 
Chemicnls (Industrial Chemi~try) 

Department of Sup.ply (Textile 
Degradation Jnvestigntions) .. 

National Gas AsRociation (Gns In
ve~tigations - Industrial Chemis• 
try) 

Mt. Morgan Ltd. and Mt. Lvell 
Mining a nd Railway C'o. Ltd. 
(Tndustria 1 ·Chemistry-Co-ouem -
tive Investigtions j • • · •. 

N.S.W. Government (Fisheries 
Investigations ) 

St:tte E lectricity Commission of 
Victoria (Minerngraphic Investi
gntions-Geological Consulta
tions) 

Australian Atomic Energy Commis·
sion ( Industrial Chemistry-Ex
traction of Uranium from ' T,each 
Liquors ) 

£ L 

440 

2,855 
500 

li00 

1,275 

7,6-01 

1,000 

51 

I) 

100 

627 

7fi0 

500 

1,021 

1,409 

1,000 

1,000 

500 

4,636 

165 

3,058 

1,000 

9,400 

25 

1,495 

300 

1,000 

133 

4,745 

250 

500 

15,866 

75 

2,8550 
500 

500 

1,275 

7,48(] 

1,000 

3 

6 

627 

750 

352 

1,026D 

1,000 

1,000 

1,000 

500 

101 

165 

2,897 

1,000 

9,338 

150 

1,000 

133 

4,581 

250 

15,866 · 

C.-Thls eI1>endlturo relate. tn 1053-54. 
D.-An nmount of £5 overdohlted will be ndju.stecl la 105~56. 



.. - Receipts 1954-1;5 
l\111) balances 

brought forwnrd 
from l!lli3•M. 

£ 
nl•pal'tment of the Nnq (:Marine 

l•'ouling Investigations-Division 
of Fisheries) 1,140 

Russell Pty. Ltd. ( Crayfish I11vcs-
tigatio11s-Divisio11 of l!'isheries) 100 

Department of External · Affairs 
(Handbook of Fish Fauna) Cr. 29 

Crayfltih Exporters Association of 
Australia ( Crayfish lm·ctitiga-
tions-Division of Fieherics} . . 201 

,~ustralian Cement Manufacturers 
( Cement Jnvestigations-Inclus-
trial Chemi,try) 1,500 

Apple and Pear Donrd-Thrips 
Invcstiga tions tiZ 

Committee for Dl'ied 'Ji'ruit l\'fn.rket-
ing (Division of Meteorological 
Physics 340 

Sundry Contributors (Common-
wealth Scientific and Jndu~trial 
R('sear eh Organization-Publico.-
tions) 24 

Wool W11x: Report-Royalties 6 
Sriencc :mcl Industry Endowment, 

Funcl . . . . . . 2,704 
Misce'ln.u('ous Contributors (Mathe-

nmt·cal Instruments Section) . . 120 
ll!iscelluncous Contributors (Miu-

crngrn phic Invcstiga tio11s) :i 13 
Wool Scourers, Carbonizers, and 

Fcllrnoni5ers Fccleration of Aus-
tralia ( Wool Textile Rcscnrch} . . 3,000 

General Donations (Division of 
Building R esearch} 889 

Various Contributors (Foundry 
Snnds !UYcstigations-Division 
of Inclustrial Chemistry) 28 

Department of National Devclop-
ment - Kimberley Research 
Station l,()06 

Australian Dniry Produce Board 
( Dairy Re,carch Laborn tory) 10,000 

Australinn Wine Boarcl-Ocnologi-
cal Resenrch . . . . 3,475 

Snowy Mountains Hydro-electric 
t\uthority (Cloud Im·estigatio11~ 
-Division of Radiophysics) , . 12,500 

Australian Dairy Produce Donrcl-
( Cheese ]\faking Project-Dairy 

Research) . . 360 
Department of 'ferritories ( Re-

sources Survey-Papua nnd New 
Guinea) . . . . . . 12,91G 

Department of National Develop• 
ment ( Xorthern Australia Re-
gional Smvey} 18,915 

Associnted Woollc>n Wontl'd T<'xtile 
Mannfarturcrs of Australia (Wool 
Textile Researrh l 6,023 

Various Contrib11tors (Tnt1>rn11-
tionnl Wool Textile Research 
Conference) 50 

Austrnlinn Dairy Produce Board 
(Farm Mechanization Research) 600 

Joint Coal Board (Coal Investiga-
tions} 1,250 

George A it ken Pasto ml Research 
Trust (Wildlife Surve;v Section) 1,300 

Special Revenue Funcl-" Delmont" 
Fieltl Station, Rockhampton 
( Animal Health and Production 
Tnvesti1rntions) 954 

Special Revenue F11n,l-N°tional 
Field Station, "Gilruth Plains", 
Cunmunulla (Animnl Hea!th and 
Production I1wcstign tions) 44.550 

Special Reserve Fuml-~ational 
·Field St:1tio11, "Gilruth Phtins ", 
Cnunamulla ( Animal Health and 
Production Investil!n tions) 15,000 

Special Revenue Funcl-Burclekin 
Bequest (Animnl Health and 
Production Investigations] 2,765 

Specinl Re,·en11e Funrl-Tiesl'arch 
Stu tion, Griffith ( Citricultural 
Investigations) 19,80S 

260,775 

E.-4dJu<tme"t ,..f 1051-5! e~pon,llturo. 
F.-Thl• exnonrl!ture ,er.to, t.') 1053-54. 
O.-Inrlu-le• £172 whlrb rclntos tn 1061~51 AXnon<llt,ure 
H.-Iocludcs £i which rola.tcs to 1053-54 expenditure. • · 
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£ 

1,057 

Cr. 29E 

1,500 

62 

328 

2,j04 

347F 

1,906 

10,000 

3.090 

ll,940 

16,451H 

1,764 

500 

1,200 

054 

32,639 

1,492 

8,817 

181,650 

3. W ooL RESEARCH TRUST Aocouin. 

A credit balance of £559,935 was brought forward 
from 1953-54 in the Wool Research Trust Account. 
/1 further £432,2213 was received during 1954-55, of 
which amount £388,675 was received from the Depart
ment of Commerce and .A.e;ricultme, the balance being 
proceeds of sale of produce. Complete details of 
transactions during 1954-55 are as follows:-

! £ £ 
Balance in A<'<'onnt. Jnly I, 1954 .. 

Receipts l9!i4-li5. 
Department of Commerce and Agri

culture .. 388,675 
Revenue-

Animal H<>nltl1 nncl Production-
Cobram Field Station 3,072 
Rco-ional Pastoral J.aboratory, 

.4. rm i<I n le 12,899 
Sheep Biology Iaburatory, Proo-

pect 1,715 
Plant Tndnstry-

" G'en Lossie " Field Station, 
Kojonup 8,800 

Fal'<iner MC'morial Field 
Stntion, Deniliquin 10,006 

BioC'hemistrv nml Oenerul Nutri-
tion - "·Glenthorne" Field 
Stntion 5,311 

\Vool Texti le Research Labora-
tories-

Textile Laboratory, Gcelon.!! . . 1,585 
Biochemistry Labora tory, Mel-

hourne 63 
Textile Laboratory, Sydney 12 

Total Receipts 1954-55 

Expendit11re 1954-55. 
Division of Animo.l Health and 

P1·odu<'.'tion-
Pn rkville--

Shecl) Physiology Investigations 
-Parkville . . . . 

Sheen Ph~•siology Investigations 
-Toorndin . . .. 

Fodcler Procluction-Cobrnm .. 

McMnster Laboratorv-
Pal'Usitnlrig-y Investigations-

New Srinth Wnles . . . . 
Pamsitnlogy Investigntions-

\Vestern A 11st rn Jin .. 
Diniiing anrl F.~tcrnal Parasites 
JHorhemical Investi,.,ations 
Hollerith Equipment° 

Yeernngpilly-
Sheep Dlowfly Inve,stigations .. 

Sheep Biology Laboratory, Pros
pect-

Administrative nnd General Ex-
penses .. 

Fleece. Analysis 
Wool Binlncy 
Strain Trial 

Armidale . . . . 
\T:itinnnl F ield Statiton "Gilruth 

Plains"- ' 
Animal Brcccling and Strain 

Trial Investigations 
M1·:'.lfoster Ficlcl Station-

Wool Production and Sheep 
Breeding .. 

Frodslcy, Tasmania
Sheep Investigations 

University of Queensland-
Grunt - Sheep Climatology 

Stuclies 0 

Division of Pinnt In<lustry
.'\gr~tology Investigations 

Resenrch Serviccs-
Agri<'ulturnl Research ancl Ex

t ension Lia ison 
Wool Publications 

370 

5,:J:12 
3.459 

8,889 

500 
1.143 
3.424 
2.!Hi4 

1,52S 

57,822 
7,184 

42,626 
9,431 

4,739 
17 

43,553 

9,161 

16,910 

1,528 

117,063 
61,058 

7,156 

4,345 

905 

400 

96,65S 

4,756 

559,035 

432,228 

902,163 

218,526 



188 

Division of Industrial Chemistry
Expcnclitnre on Wool Textile 

Research~ 

£ 

Chemical Physics Investiga.tions 10,104 
Organic Chemistry Investiga-

tions 13,184 
Physienl Chemistry InvestigB-

tions 2,021 

Division of Biochemistry and 
G<'neral Nutrition-

l3iochcmicnl and Nutritional 
Investigations 

Wool Textile Research Labora
tories-

Wool Textile Research . . 
Wildlife Survey Scction

Wilrllifc Survey 
Animal · Gcnctics Section-

Animal Genetics Investigations 
Misccllaneous-

OvcrseaR Studentships . . 

Total C.S.I.R.O. Investign.
tions 

Grants from ·wool Research Trnst 
Account to institutions under
takinJ? rescarrh in agricultural 
C<'nnnmics relating to wool pro
duction-

Department of Commerce and 
Agriculture--

Durean of Agricultural Eco
nomics 

Wool Adviser 

Total Department of Com
merce and Agriculture 
Expenditure 

Total Expenditure 1054-55 

Balance carried forward to 1955-56 

37,283 
1,805 

4. W ooL INDUSTRY FuND. 

£ 

26,200 

37,9!>4 

231,125 

41,880 

13,917 

2,918 

39,178 

£ 

074,043 

713,221 

278,042 

A credit balance of £1.096 was brought forward 
from 1953-54 m the Wool Industry Fund Account. 
A further £404,500 wns received during 1954-55. 
Expenditure durin~ 1954--55 amounting to £356,951 
was incurred as follows:-

Ea:pcnditure by O.S.l.R.0, 
J)foisions and Sections. 

Biologicn l Tiescar<'h-
Animal Health and Produc

tion-
Sheep Biology Lnboratory, 

Prospect
Equipment for Climate 

Rooms 
Equipment 
Development e~pendi-

turc-fencing, roads, 
water supply, &c. . . 

Regional Pastoral Labora
tory nnd Chiswick 
Field Station, Armi
clnlc-

Construction of small 
buildings and roads 
and provision of ser
vices 

Improvements 

Cohram Field Stntion-
PermRnent improve-

ments-
Hny shed .. 

Frodsley, Tnsmnnia
Improvements 
Equipment 

40,029 
10,905 

8,439 

3,402 
1,208 

404 

1,001 
837 

f f 

00,033 

4,670 

404 

1,838 
76,045 

Biochemistry and General 
Nutrition-

Glcnthome ExperimeQtal 
Station-

Sheep yards and units .. 

Plant Industry-
Falkincr Memorial Field 

Station, Deniliquin-
Developmental expendi-

ture - fencing, water 
supply, irrigation, &c. 

" G Jen Lossie " Field 
Station, Kojonup, Wes
tern Austr11lia-

Develo11mental expendi-
ture-clearing, fencing, 
water supply, &c. 

Wool Textile Research-
Biochemistl'y Laboratory, 

:Melbourne--
Plant .. 

Textile Laboratory, Gee-
long-

Buildings and site 
Textile machinery 
Plant .. 

Physics and Engineering 
Unit, Sydney-

Plant .. 

Electron Microscope 

Expenditure by Department of 
lV orks on a.S.l.R.O. Buildings. 
Biological Research-

Animal Health and Produc
tion-

Sheep Biology Laboratory, 
Pr01>pect-

Auimal house No. 2 
Two prefabricated build· 

ings 
Animal house No. I .. 
Main administrative 

building 
Climate controlled 

building 
Cottage No. 2 
Lunch and locker room 
Sheep incinerator 
Acquisition of land .. 

Plant Ind.ustry
Head-quarters, Agrostology 

Section, Canberra
Agrostology nnd Pa~ture 

Chemistry prefabrica-
tions 

Western Australian In• 
vestigations-

Regional Laboratory, 
Perth 

Two staff cottages, Kojo
nup 

Rc::rionnl Past.oral Labora
tory and Falkiner 
Memorinl Field Station, 
Deniliquin-

Stnff cottnges 
Three cottages . . 
Rachelor quarters 

Biochemistry and GenePa.l 
Nutrition-

G!enthorne Experimental 
Station-

Field Laboratory 
Hay and chaff shed 

Animal Genetice--
Rnhhit House--frospect 

:£ £ 

9,250 
32,395 

6,037 

1,335 

3,936 
8,493 

84 

60,422 
3,923 
4,285 
1,120 
1,900 

16,044 

1,148 

3,000 
2,409 

822 

4,693 
306 

2,534 

2,012 

3,042 

5,479 

647 

48,282 

4,281 

76,498 

5,172 

\T,192 

6,321 

5,089 

2,534 

£ 

2,012 

9,121 

53,210 
13,740 

75,498 

28,085 

11,089 

2,534 

154,628 



l\linor Works-
New South 'Wales 
Victorin 
Western Austrn!i!l 
Australian Capito.I Terri· 

tory 

\Von! 'fcxtile Research-
Uiochcmistry Laboro.tory, 

Mclbourne--
l.nho1·a tory building 

Textile Laboratory, Gee
long-

Laboratory and six cot• 
tngc-s 

Dcvdopmcnt of site 

Textile Laboratory, Syd· 
ncy-

Lahomtm·y bnilding 
Store building 

)lin1>1' Works-
~ew South Wnles 
Victorin 

{lm·,, ts /1·011~ 1Vool Ind11strv 
1-'uml for E:i:tra-mttral Oo• 
OJlcmtfoc Wool Research. 

Riologicnl Projects
\'ictorill-

:\[elhourne University
J~lectrolyte physiology 

studies 
Dcpnrtmcnt of Lnnds and 

Snrvey-
Rnhbit invcstign.tions 

Western .Austrnlin
lnstitute of Agriculturc-

Ruminal flora studies 
Genetic stud ics 

South Anstrnlln
Roseworthy .Agriculturnl 

College-
Progeny testing 

Walto lnstltute
Agrostology, weeds, and 

entomology 
Dcpn rtmcnt of .Agricul• 

turc-
Ovine brucellosia 

QuPeMlnnd-
Depnrtment of Altficul· 

turl' and Rtork
Fertility and neo-natal 

mortality .. 
Prngt>ny te!lting and 

wool mrtrolo,zy 
Copper dl'licien<'y . . 

Poison P lants Commit· 
tt'c 

O,·inr brncello11ifl 
Altt-ration!< at Toore.k 

Fi<'l<l Station 
Univrr~ity of Queens· 

lnnd-
Sheep pl1y!1io1ogy 
Arclimntizntion studies 

£ 

4,002 
1,009 
1,064 

357 

30,480 

3,603 
1,720 

822 
2,048 

08 
1,064 

4,000 

3,210 

2,900 
1,150 

3,958 

3,888 

2,600 

700 

375 
350 

JOO 
650 

1,450 

l,liOO 
372 

7,202 

30,480 

5,413 

2,870 

1,102 

7,210 

4,050 

10,346 

6,307 
New South Wnles-

U11ivcrsit;v of Technology-
Wool clip nnal;v~is 4,172 

Uni\'ersity of Sydney-
Animal phy~iology in• 

vcl'ti-:?ations 2,500 
Depnrtment of Agricul • 

tu re--
Disordered metnbolism 1,185 

- 7,857 

£ £ 

7,202 

30,025 

34,800 

184 

Wool Textile Rcscarch
Gorclou Iustitute of Tecl1• 

nology-. 
Wool Textile investiga

tions 
Wool Industries Research 

Association, U.K. 

.\clditiona.l Items Sponsored 
by C.S.I.R.0.- . . 

Ex['ell~e,i in connc:oon with 
\ \"ool Textile Conference, 
J!),1:i •. 

£ 

3,912 

1,254 

3,304 

£ 

6,lGG 

3,364 

5. MISCELLANEOUS RECEIPTS. 

£ £ 

6,106 

3,364 

356,951 

During 1954-55 miscellnneous receipts amounted to 
!.:89 ri43. Of this nmount £23,269 represented proceeds 
of ;ales of equipment, publications, &c. ~h_e. balance 
of £66,274 1:epresented revenue earned by D1v1S1ons and 
Sections apart fro~ the Special and ~ool Reven ~10 
inc-ludcd under Sections 2 and 3 respectively. Details 
nf thr rerripts are ns follows:-

Jrc1·c111tc Rcccivts. 

Oi\'i$ion of Animal Health imd Production-
Sale of Contagious Pleuropncumonin 

Vaccine 
)fn•tltiij Tnvesti,!?ntions 
Park\'ille LnlY.lratory 
'l'oxacmic Jnuncliec Invc~tigntions, Pnrk-

vill~, Victoria 
Oestrus Experiments . . . . 
Poultry Breeding JnYcstigntions .. 
Contn,zious Plcnrnpneumonin Invc~tigntions 
Toorndin Fi<>ld Station 
Tlncteriolo;ri<'al Tnn•stigntions .. 
Pn rns itolo:ricnl IuvCl:ltign tions .. 
)k)fnstcr Ficl<I Stntion Revenue 
Veterinary Pnra~itology L,<1boratory 
Amberley Fielrl Station, Qneenslnnd 
Genetics Jn\'estigatlons 

l)idsion of Pinnt I ndustry-
Plant Tndnst r:v Jm·csti!!ntions, Cnnberm .. 
Stanthorpc Field Strttion 
Samford Fnrm 

Division of Entomolo:zy
Entomolo:rira.l I nvestigations 

Di\'ision of Soils-
:-Ierbcin Re~enrch Station, Revenue 
Soils Im·est!gntions 

Dh·i~ion of Food Preservation and Trans· 
port Rl'YCIIIIC .• 

Divii:.ion of Fore~t P rodn<'ts 
Ore-dreR~ing- Jnve~tiJ?ntions 
Re~cnrrh Ren·ire!'-Fi lm Unit 
Divi•ion of Tni111strinl Chl'mi<1try-

Jnd11strial ChemiRtry InveAtigatlons 
Mi<·l'O-nnnh••i• Tnvestigations 

Divii:.ion of Fhiherie11-
FiRhcries Tnvr~tigations 
Snle of Prn r l~hPII 

Di\'ision of i\f<'trolo.ey 
Divi~ion of m~~trotecbnology 
'Dh·ision of l'hvsirfJ 
D\d~inn of Tinilrlin!? Tiel'ea.rch 
l)ivi~ion of Rnrl iopl,y~i~ 
?lfotMrolngic11l Physi<'R Scrtion 
T.nn<I Rc•i:.eal'ch and Regional Survey, 

Katherine 
li'11~l Rcsea rcl1 Sect ion 

Other neceiptR-
Sa !es of publications 
Sn Jes of equipment, &c, 

£ £ 

3,589 
4,378 

147 

23!) 
1,578 
0,129 
3,009 

20 
7 

263 
3,876 

600 
430 

7 

3,453 
510 

45 

507 

S,852 
176 

405 
1112 
313 
458 

lli,909 
S,419 

2fi8 
l.448 
4.1176 
l,0!12 

038 
23 
53 
9 

15 
51 

2,779 
20,400 

06,274 

23,260 

8fl.lS4:l 

The nhoYe sum was pnid to the credit of the 1'rnst 
F un d Scicn('e and Tnrh1~try Acrnunt dm·iPg 19"4-55 
nn,l conseque11tly reduced the requirements from 'rrea
~ury sourr.es by tbnt amount (see Section l ). 
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6. Wo1ms P1t0JECTS (UNDER CONTROL 01r C.S.I.R.O.). 
Expenditure on works projects financed from Trca• 

sury funds n1ade available directly to C.S.I.R.O. is as 
follows:-

Phrnt Industry-
Bcerwah Field Station

Dcn!lopincntal expenditure 
~tanthorpc Field Station

Rcfrigcriition Chambers 

£ 

2,455 

1.,64:J 

fwlustrial Chemistry
Fishcrmcu's Bend Laboratory-

Alterations to buildings 1,0-Hi 
DcvcJop111cnt of site 108 

)lcteorolo..,ical Physics-
Aspend:le Lnboratory-

Heatin"" ancl ventilating unit Ii 
L'nnt:retc work and power line 171 

Foor! l!rcservntion-
LnLoratory, Homcbusl1-

Altcrntio11s and additions to Metro
polilnn l.\foiit Industry Ilo:ird 
buildings 3,445 

Contrilmtio11 to cost of cold room 250 

Fuel Rc·Lnrch-
Coal R(,sea rch, RyclL~ 

Ercclion of con! Lins; toilet aucl 
5liower extensions 200 

£ £ 

4,098 

1,154 

188 

3,695 

200 
0,33ii 

7. MISOELLLANEOUS SERVICES. 

Contribution to Commonwealth .c\.gricultural Bureaux 
Grant to Standards Association of Australia 
Coutribution to Chair of Aeronautics at University 

of Sydney (establishment and maintenance) . ,- . 
t; 1ant to Xational Association of Testing Authont1es 
Australian and New Zealand Association for the 

Advancement of Science 
Pan ludiau Ocean Science Congress 

XXXVI. ACKNOWLEDGMENTS. 

£ 
49,2;;2 
42,000 

5,000 
9,6i3 

1,300 
2,400 

109,625 

Li various sections of this R eport reference has Leen 
made as in previous years to the valuable assistance 
afforded by many St.ate Departments, Universities, and 
other org::mizatio11s and individuals. The Organiza
tion desires to express its gratitude for the help given 
by these bodies and persons in providing laboratory 
accommodation and other facilities and in many other 
ways. The Organization also wishes to acknowledge 
the assistance it has received from its Committees, the 
members of which have placed their knowledge and 
experience so freely at its disposal. 

I. CLUNIES ROSS, Chairrnan1 
F. W. G. WHITE 
S. H. BASTOW Executive. 
H.J. GOODES 
A.Il.RITCHIE J 

18th October, 1955. 
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