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COMMONWEALTH OF AUSTRALIA. 

Commonwealth Scientific and Industrial Research O rganization. 

THIRD ANNUAL REPORT FOR THE YEAR ENDING 30TH JUNE, 1951. 

I. INTRODUCTORY. 

1. GENERAL. 
The Commonwealth Scientific and Industrial 

Research Organization was esta:blished on 19th May; 
1949, when the Science and Industry Research .Act 
1949 was proclaimed . Under that act the Organization 
took the place of the existing Council for Scientific 
and Industrial R esearch, which in turn had in 1926 
taken the place of tbe former I11stitnte of Science a11cl 
Industry. 
. 1'.he powers and functious of the Organization are 

s1m1lar to those of tl1c Council and include the initia
tion and rarrying 011t of r esearch in connexion with, 
or_ for_ the promotion of, prim11ry and secondary indus
tries m the Commonwealth 01· any territory of the 
Commonwenltl1, or in connexion with any matter 
referred to the Organi7.ation by the :Minister; tbc 
t1:aini11g of research workers ; the making of grants in 
aid of pure scientific research; the testing and staa
dardization of scientific apparatus and instruments, 
and tbe carrying out of scientific in\·estigations con
nected with standardization; the collection and dis
semination of iuformation relating to scientific and 
technical mat.ters; the puhli<'ation of scientific and 
technical reporf.q and 11eriodicals; and acting as a 
means of liaison with other countries in matters of 
scientific research. 

2. Anv1sonY Cou:i'(CJL. 

During the past year Sir David Rivett resigned 
from the chairmanship of the Advisory Council, but 
remains a member of that •body. D r . I. Olunies Ross 
was appointed in his stead. Mr. A. J. Gibson and 
Mr. 0. Eu~ ton Y onng l'esignecl from the Council, and 
the Honorable 0. MrL. Falkiner, M .L .O., and Mr. 
W . A. Gunn were co-opted as members. Professor 
J. P. Baxter was appointed Ohairm.an of the New 
South Wales State Committee. 

3. RETntEl\fEN'l' 01<' DR. B. T. DICKSO:-i' AND 

Mu. A. V . LYON. 

Dr. B. T. Dickson retired from the position of Chief 
of the Dfrision of Plant Industry in May, 1951, after 
23 years of service. He came t.o Australia from Canada 
in 1!)27 and was the -first Chief of the Division. Under 
his leadership it grew into a major re.:;earch institute 
with head-quarters at Canberra and bra11ch laboratories 
and field stations at many points throughout Australia 
including Brisbane, Armidale, Deniliqnin, and Perth'. 

Mr. A. V. Lyon, Officer-in-charge of the Common
wealth R esearch Station, M_erbein, retired early in 
1951. He had been Officer-rn-charge of the Station 
since its formation i n 1919, and under his direction an 
impressive record of research i11to problems of the 
viticultural and other indn.strics in the Murray Irrio-a
tion Areas \\·a.s built up. Tho work developed in cl~se 
association with the growe1·s and the results have 
at all times been rapidly put into practice to increase 
production and impro~•e products. Jvlr. Lyon has been 
succeeded as 0-fficer -m-charge by Mr. F. P enman 
formerly Chief Irrigatio11 Officer of tho State River~ 
and Water Supply Commission of Victoria. 

-L L.urn RESEARCH AND R f~GIONAL Sun,VBY SECTION. 

Dttring the past year the Lancl R esearch and 
Regional Survey Section has been split off from the 
Division of Plant Industry as an independent Section. 
Its functions include, firstly, tbe conduct of regional 
suneys of the agricultural and pastoral possibilities 
of undeveloped areas of north Australia and, secondly, 
:1gricultural research at Kimberley Research Station, 
Weste!·u Australia, Katherine R e.search Station, 
"X ortlwrn Territory, and the Ayr State Regional Ex
pr1·i ment St:1t.ion, Qucrrn$)aJl(I. The Section is under 
r.hc lra<lership of Mr. 0 . S. Chri~t.ian. 

.,. ,\c;R1cu1.Tc1u1. H1ssJ-:ArtCJL Lursox S:i::cTION. 

The Ag-ricultural Hesearch Liaison Section was 
e.•tnhli$hecl at Heart Offit:e during the past year t.o 
a~sist iu making t.he Organization's results in agricul-
1 :iral re.;eareh sprcdily available to State D epartments 
of ;\.gricu lt,ure for use in their extension work. The 
S,•ction is under the leadership of Mr. R. R. 
P1•n11cfo thcr. 

6. D EVJ::LOT'~! F.;<:T 0 1' NOR'fliERN AUSTR,\LIA, 

The Org-auization bas coutinued its interest in prob
l('ni .. ~ relating to the developmeut of northern Australia. 
The Land Research and Regional .Survey Section has 
rompletcd a sm vey of the Burdckin Valley and adja
cent <'Onntry in the To\VJ1sville-Bo\,·en region of 
Queensla11d to provide information to departments 
concerned with rxamu1ing proposals to dam the 
Bnrdekin Rive r and irrigate country in the lower 
Hlll'dekin Valley. 

.\t the Rathel'iue Research Station, Nor thern Terri
tory, problems of c'lry-lund agriculture 011 the lighter
textm ed .,oils in the dry monsoon belt of nor thern 
,\ ttstra lia are trnrlel' investigation. Problems of 
irrigated agriculture on the heavy-textured soils of 
this belt are being exam.ined at the Kimberley Research 
Station, ·w e~tern Australia, in collaboration with the 
'IV cstern Australian Department of Agriculture. The 
0 1·gauization is also co-operating in investigations on 
irrigated tropical pastures at the Ayr State Regional 
Experiment St.a ti on, Queensland . It is represented 
011 committees established by the Department of Terri
torieR to investigate proposals for the establishment of 
a rice research station in the Northern Territory and 
a demonsti-a.t.ion farm in the "Tipperary" lands of 
that area. 

7. ExTE HNAL TERRITORIES. 

Under the new act, the Organization is charged with 
rosponsibil ity for research of i11tere., t to primary and 
~econdary indu;;t1·ies not only of the Commonwealth, 
hut also of Australia's external territories. During 
the year the Organization's officers have, when 
l'C(]11ested, provided tecbJ1ical a(hice to the Administra
tion of Papua-New Guinea. Arra11gements have •been 
made to establish a survey nnit M part of t.he Land 
Research and Regional Survey Section to undertake 
a long-term SUl'vey of lands i_n Papua and New Guinea. 
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8. WooL P RODUCTION AND TEXTILE RESEARCH. 

The major activities associated with the program_me 
of biolo,,.ical research in the :field of wool production 
are rcp~rted in Chapter VII. This work is carried 
out mainly in the Divisions of Animal H~a.lth and 
Production Biochemistry and General Nutntion, and ' . 
Plant Industry. 

R esearch on wool textiles j3 redewed in Chapter XV. 
P rogress has been made in staffing and equipping the 
three wool textile research laboratories in Melbourne, 
Sydney and Geelong, aud the co-ordination o~ the~r 
activities by the Wool Textile R esearch Committee 1s 
working smoothly. 

9. MYXO){A'J'OSJS IN' R ADDI'l'S. 

Considerable success has attended tho Organization's 
experiments on the use of the virus dis.ease, my:xo
ruatosis, against the rabbit. These experrments have 
been conducted as part of the programme of research 
of the Wildlife Sur vey Section. _ . 

During the past season the disease, which 1s harmful 
only to the rabbit, spread from a test site near 
0orowa New South Wales to cover in patchy fashion 

' ' . au area em bracing the Murray River system and 
extending for nearly 1,000 miles from east to west 
and from north to south. It is difficult to form any 
reliable estimate of tho number of rabbits killed, but 
reports haYe been received that properties of up to 
100 000 acres have been cleared. I n most cases, how
ovc;·, the kills have been confined to areas fringing 
ri\-er frontages, except in the north, where activity 
has bcon more widespread. 

It is known that mosquitoes and other blood-sucking 
imeets ltave played a major part in distributing the 
virns throughout the rabbit population. Many aspects 
of the mecba11ism of the transmission remain unex
plained, howeYer, and plans are now in hand for 
im·estigations designed sporifically to elucidate doubt
ful p~iuts. 

10. PL,1..J."'I T AND ANU.IAL G~:NETICS. 

The Executive has for some time past been exao1i11ing 
tho possibility of strengthening tho work being done in 
Australia in genetics. 

The lack of facilities for post-graduate training and 
research in plant genetics has for many years been 
keenly felt by a number of interested bodies, and 
incren.sing difficulty has heen experienced in obtaining 
adequately trn.iued staff for work in this field. A 
Ohair of Genetics has been established in the UniYersity 
of Adelaide as a result of a grant made by the 
Organization. In addition to his University duties, 
the professor will net as a consultant and adviser to 
th_~• (?r~,aniza ~ion on its wor~ in ,genetics and 

I 

plant 
b1codrnb. D1. D. G. 0atcheside, M.A., D.Sc., F.R.S., 
formerly R eader in _Plant Geuetici-, University of 
Cnmbridge, has been appointed to the position. 

Arrangements have also been made with the Uni
\·e1·si ty of Sydney for a co-operative scheme in which 
tho Organizntion will appoint two animal geneticists 
and the Unh·ersity will p roYi<le Ia boratory, office, and 
small-animal accommodation. In addition to under
taking research, t he officers will can y out such teach
ing or supen·ision of post-graduate research students 
as may be necessary for the development of higher 
tr:iining in nnimal genetics within the University. 

11. BUILDING PRO,JEOTS. 

The Organization still faces great difficulties in 
dernlopiug its research programme owing to the lack 
of suitable buildings and the extremely slow rate at 
wl1ich they can be provi<led. Many Divisions h ave to 
ca l'I'.)' on' their work 1mder crowded and difficult 
conditions, and propo~rd now research programmes are 

held up b,y lack of acc_ommodation. A start has been 
mnde 011 tbe Wool Biology Laboratory at Prospect, 
New South Wales, on a central block at Canben:a _to 
provide a library. controllr<l temperature and hun11d1ty 
rooms rwd other facilities for the Divisions of Plant 
Industry and Entomology, and on the Wool Textile 
R oscnrrh Laboratory Ht Geelong. Fu_rt~er progress 
has been made on thr laboratory bmldmg for th_e 
Division of '.J'ribophy,,ics in the g~ounds_ o~ the ~m
rersit,y of :Melbonrne. Another maJor bmldmg ~roJect 
contcmplatrcl i~ 11 da i r,v rosearrh lilock at Highett, 
\Tic tori a . 

12. 0 vEnSr.AS CoNFJ::RENCES . 

. \. numbrr of important scientific conferences 
ntl'Pnded by officers of the Org:miz~tion_ include~ the 
Fifth Intel'llational Congress for :M:1crob1ology, Rio de 
Janeiro · Fourth Intemational Congress of Soil 
Science' )unsterdam · British Commonwealth Specialist 
Confer~nre on Fnel' Rrsearch, London; International 
Conference on Coal Preparation, London; Inter
national Building D ocumentation Conference, Paris; 
Pan Indian Ocean Sc-ience Congress, Bangalore; 
Forestry and Forest I'roducts C0mmission for _Asia 
:rnd the Pacific f'on frrrnce, Bangkok; International 
Symposium on Atmospheric_ Turbul~nce, Mass~
chusctts · :Meeting of Jnternat1onal Uruon of Radio 
Science,' Zurich; International Astronomical Union 
Conference, Brussels; Ionospheric 0onfe1:ence, Pe1:111-
syl vania; General Assem bly of International Umon 
of Geodesy and Geopb~·sics, Brussel!::; Twelfth Meet
ing of International ('ommission on Tilnmination, 
Stockholm. 

13. TEcH r,; ICA 1. Assrs·1'A1'CE TO Sount-E.1sT Asu. 
Continued nssistancc wa" afforded to the Department 

of External .\!fairs, whiel1 is administering the Aus
tralian contribution to the Colombo Plnn for providing 
technical assistance to South-East Asia. The Organi
zation's main part is in affording laboratory and :field 
experience to research workers from the various South
East Asian cotmtries. Such Yisitors are now being 
accommodated in the various Divisions and Sections in 
increasing munbers. U p to date, the main demand 
has been for experience in the fields of forest. products, 
rndio researrh, food preservation, and fisheries. 

14. STUDENTSHIPS AND O vEnSEAS V1s1Ts. 

During tho year under review, nineteen officers of the 
Organization were sent o,er seas for some months to 
collect information on new de,elopments in scientific 
researcl1 and to acquire genera I experien<'e in research 
ancl trai niug in new techniques. 

Mr. 0. ]l'f. Donald, Srnior Agrostologist, Division of 
Plant I ndustry, was ~elected to join a !"mall team 
im·estigating the grassland problems of the Mediter-
1·nnean area for the Suh-Committee on Agricultural 
Trclrnology of the Orgnnization for European Eco
nom ic (")o-operation. ~fr. I . S. R. Mnuro, of the 
l)idsion of Fisheries, \'isitcd Ceylon for some months 
under the C'olombo P lan to ach·isc- the 0 ingalese 
0 oYernment ou its £sherios research prograU11De. T wo 
offirers were seconded for work with the F .A.O. :-Mr. 
:\. B. Cashmore as Tia11ge Manager and Specialist in 
Cyprus, and Mr. F. Skaller to ad\·ise th. e Govel'nment 
of Pnkistan on poultry hrreding problemi,. 

ln addition. more reeont graduates ,Yero awarded 
stu~l ontsllips :rnd trnincoships for training in :fields 
wlm·h would enable them to :fill speoifie posts in the 
Organization on completion of tlteil' trn.ining. Twenty 
stndentships nnd traineeships were awarded from 
general C'.S.1.R0. fi_mcl s, fix~ st.ndontships fo r work 
011 wool, nnd one from S .I.E.F. monoys. .\t tJ1 .. 
c•lo,r of I lir ,\'!'Ill' 32 holders of studentships awarded in 



previous years were receiving trainn1;g in the United 
Kingdom, the United States of A.menca, Canada, and 
Australia. 

15. RESEARCH t \ssoCIA'rIONS. 
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The Organization has continued_ to_ support _the Aus
tralian Leather Research Association. This body, 
which has the legal form of a non-pro:6.t-making co~
pany registered under the New Sout,~. ~ a les Coro ~am~s 
Act is similar to the research associations operatmg lll 
Gre'at Britain under the aegis of the D epartment of 
Scientific and Industrial Research. Representatives of 
several other industries arc discussing with the 
Organization the possibility of estnhlishing researcl1 
asso<'iations. 

16. COLLABOU.A'l'ION Wl'l'll UNIV_I,Il,SITIES, 

The Organization gratefully acknowledges its debt to 
the various Australian universities, with which it works 
in close collaboration. The establishment of research 
units within the universities is of great importance as 
it enables the Organization's officers to enjoy the 
stimulus and help of authorities in different fields of 
science. The Organization's work in the various 
universities has UO\V grown considerably and is men
~io11ed in various places in the main body of this Report. 

17. ScmNci,; AND INnus•r.RY ENDOWMENT FuND. 

During the year the Executive, as Trustees of the 
Science and Industry Endowment Fund, made grants 
to assist research workers as follows :- Mr. J. M'. Black, 
for revision of his publication on the flora of South 
Australia; Dr. B. Brnyer, in connexion with polaro
graphic investigations; Dr. E . B. Brown, for the 
development of a new recording system for moving coil 
electric gauges; Mr. F. W. Rely, to assist him in under
taking research on soil fertility at the College of 
Agricultme, Madison, United States of America, under 
a Far1·e1· nfornorin I Schol1ll'ship; Professor G. E. 
Ni,,holls. fo r stud if'~ of Ta smanian fre~hwater fauna; 
Dr. J. Pea rson, for work on comparative anatomy and 
embryology of marsupials ; Mr. Tarlton Raymen~, for 
taxonomic work on bees; Dr. E. ,T. R oye, for studies of 
Ooratopogonidae ( sand flies) ; Mr. A. Robertson, fo:· 
or nithological i11vestiga tions ; and Major H . M. 
Wbittell, to gathrr materinl for a bihliography of 
Australian ornitbolog,y. 

In ndrli t.ion, a studentship for overseas training was 
awardrrl. to Miss S . Dnigan for wor1, on polle•; 
ruorpholo~.v 1tt t hf' University of Cam11ridge. 

18. FINANCE. 

C'haptc r XXXV. gi,·es cletails of expenditure during 
1950-Gl by tlie Organization totalling £3,086,364. This 
amount i~cludos a total of £507,320 derived other than 
direct from the Commonwealth Treasury, including 
;£82,600 f'Xpencled from the Wool Industry Fund and 
£32!),633 expended on wool production and wool textil(, 
rescnrch from fm1ds derived from tho Wool Research 
Trn~t ,\ cf'onnt e,:tablished nnder the provisions of the 
W ool l!Ro P1·01nolion Act 1045. Oortain other cxpendi
turr imohe<l in erection costs of buildings WM also 
incurred 011 hehalf of tho Organization . 

'Tho Organization i s particularly gratified by the 
way in which outside bodies continue to support it, and 
by tlrn marked intorest evincerl by cer tain sections of 
industry whicl1 have pl'ovicled donations for co
opernt.ivc research. Among the many contributions 
received, refrrcnce may be made to t.l1o~c of the Com
monwealth Rank, Australian Wool Boa rd, Australian 
Meat Board, Australian Dairy P roduce B oard, and 
Australian Wine Board, the Queensland Government 
and Qucenslaµ<l Meat Industry Board, the New South 
Wnles Dep1ntrne11t of Agriculture and New South 
Wales Water C'onservation and Inigation Commission, 
the Victorian Railways, tlie George Aitken Pastoral 

Research Trnst Burdekin Bequest, Ian McMaster 
Boquest, and Aiexander Fraser Memorial ?und, t~e 
Dried Fruits Contl'Ol Board and the dned fruits 
industry the National Gas Association, Australasia;1 
Institute' of Mining and :Metallurgy, Australian Cemen t 
Manufacturers' .Association, the wool textile industry. 
tl1e timber industry, and tlie pulp and paper industry. 

A statement has been included of expenditure on 
contributions mauc by the OornmornYoalth to the Com
monwealth Agricultural Bureaux, and the establish
ment and maintenance of the Chair of Aeronautics at 
the University of Sydney, and on grants to the 
Etandards Association of Australia, the Australian 
N' ational R eso11 rcl1 Council, and foe N ationol .A.ssocia-
1·io11 of Testing Authorities. The Organization is 
l'csponsible fo r the administration of the fonds 
Pxpenderl in this way. 

19. O RGANJZATJON. 

For tht• pu!'pn~e of carrying out its research work the 
Or"'aniZf1tion h11~ PStablished a 11nm ber of Divisions and 
8cition~. The Divisions, of which there are now fifteen, 
compri~r the nrnjor establisl1me11ts, which mai be 
further snbdi"l'idecl in to Sections ; there are also m de
pf'ndent Sections comprising establishments which haYc 
not r eached a stage of development, so far as the scope 
allcl magnitude of tl1cir operations arc concerned, to 
j11~tify tl1eil' designation ns Dfrisions. 

I11 the present Report an attempt has been made to 
"TOU]) tl1e material according to its snbjcct matter 
;athel' than according to the Division or Section 
concerned. ,\dditional chapters and appropriate cross 
reference~ have been i userted, ho1rnYcr, to permit the 
work of an.v pnrtionlal' Division to be re,iewed ai- a 
whole. 

J\s the Organization'~ investigatiorn, extend on a 
Commo1rn·ea lth-wirle bn~is and as many of the investi
irat.ions wl1irh are being ooncluoted-particularly those 
concerned 1Yith problem s affecting tho agricultural and 
pastoral inclmtries-necessitate experimc11ta 1 work in 
the field, a number of hrancb laboratories and field 
•tations baw been c~ta hliRl1erl in ~·arions parts of 
.Australia. 

Tho Head Office of tho Organization is in Melbourne 
a nd associated with it are the Organization's Info1·ma
tion Senicc, Cent.ml Library, Agricultural Research 
Liaison Section, and C'cntra l Experimental Workshops. 

Tho Divisions \\'hich have been cstablif,hed (in order 
of their formation) are as follows :-

Plant TndnsfnJ. with head-quarters and main 
laboratories at Cnnht'nn and £rld stations and 
Pxper inwn t farrnR nt Oa11bena, Anstralia11 
C.apital Territory, L awes and Stanthorpe. 
Queensland. Trnn~iP. No\\' 8011th Wales, a:cd 
Kojom1p, Western A ustralin. 

Rnlmnnlogy. witb head-quarters 1md main ]a.bora
tm·ic~ ~t Canbel'l'a and field stations at Bright, 
Victoria, Trangie. N ew Son th Wal f's. and Rock
hampton, Quee11Slancl. 

.-1 nimal H oalth and Production, with head-quarters 
in Melbomnr. and main laboratories in Mel
bourne and Sydney, a branch laboratory at 
Yecrongpilly, Queensland. and :field statione at 
Badgery's Creek and Barooga, New South 
Wales, Ounnamulla, Queensland, aud Werribee, 
Tooradin, Oobram, and Coleraine, Victoria. 

Riothern·istry and Gen1n·al Ni~trition, with head
quartrrs at Adelaide and field stations at 
O'lf alloran Rill, Robe. aud Brecon. South 
Australia. 

,C::oils. with head-quarter s and l aboratories at 
Adelaide. 

Pnre.~t Proditrfs, in Melhonrne. 



Food JJreservation and Transport, with head
quarters and main laboratories at Sydney, 
branch laboratories in Brisbane, a11d minor 
laboratories at Gosford, New South Wales. 

Ji'ishe1·ies, with bead-quarters and main laboratories 
at Cronulla, New South Wales, laboratories in 
Perth and Melbourne, and field stations at 
:Brisbane, Hobart, and Thursday Island. 

Melrology, Physics, and Electrotechnology, com
prising together the National Standards 
Laboratory, Sydney. 

Radiophysics, at Sydney. 
Inclustriol Chemistry, with I.lead-quarters and main 

la horn tori cs in Melbourne and branch labora
tories in Sydney, Adelaide, and Perth. 

Tribophysics, in Melbourne. 
Bnilcling Research, in Melbourne. 

Tho followiug are the Sr.ctions :-
Gom,,nonweallh Research Sla,tio11 (,lfo.1Tay lrrigci

tion Areas), Merbein, Victoria. 
frr·igalion Research Station (J.lforrnmbiclgee Irri

gcil-ion Areas) , Griffith, New South Wales. 
Radio Research Board, with head-quarters in 

Sydney and branch laboratories in Brisbane and 
Canberra. 

Flax Research, Melbourne. 
Ore-dre,;sing Tm1cstigat·ions, Melbourne and Kal-

goorl ie, W estcrn Australia. 
.1.vlineragraphic Im:estigalions, Melbomne. 
Mall1cm.alical 8tcil.islics, Adelaide. 
Dairy Research, Melbourne. 
M e/eorological Physics, Melbourne. 
Coal Research, Sydney. 
Wildlife S11rrey, witl1 head-qua rtcrs in Canberra 

and field st:1tion at Albury, N<'w Sonth Wales. 
1lfothemftlicol J11slrm11e11/s, Sydney. 
Wool 'J'e:dile .U.eseorch Laboratories, with head

quarters in 1\lc1liourne and additional units in 
Sydney and Geelong, Victoria. 

Land Research and Regional Survey, with head
quarters in Canberra and field stations at Ayr, 
Queensland, Katherine, Northern Territory, and 
Ivanhoe (Kimberley), Western Australia. 

In addition, Regiona 1 Centres (co-operative. research 
units staffed with officers from the appropriate 
spccia list Divisions to attack the problems of a par
ticular distr ict) have been established as follows:-

Regional Posforal Laboratory, Deniliquin, New 
South Wales, with its associated Falkiner 
:Memorial Field Station. 

Regiona,l Pnsforal Labora.tory, .A.rmidale, New 
South Wales. with its associated field station, 
" Cbiswick ". 

Tasmanian Regional Laboratory, Hobart. 
Western Au.~tralian Regional J,aborntory . Pertl1. 
Plan./ nnrl Soils Laborafory. Brii;hnne. 

IL SOILS. 
1. GENERM .. 

Tl1e Division of Soils is concerned with research 
into the classification, properties, and problems of 
Australian soils of both an applied anrl a fundamental 
nature. The Division is the centm1 imd main body 
engaged in soil research in Australia, taking part either 
actively or consultatively in the very great bulk of 
investigations in this field. The primary ob,iecti ves 
may be summarized under four headings:-

(i) The systematic mapping of the soils of Aus
tralia in broad categories as an evaluation 
of national soil resources and as a com
parati'Ve survey relating peclologically thP 
soil groups of this 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 
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intensive settlement or in which problems 
of production have arisen; this is a service 
of immediate value to the farmer and to the 
State advisory and administrative bodies. 

(iii) Applied research into probl~ms concern_ing 
soil fertility or other chem1eal or physical 
factors affecting productivity. 

(iv) Fundamental research 011 the pedology, 
chemistry, physics, a~d _m icrobiol?gy of 
Australian soils. This 1s beco=g an 
increasingly important activity on whicn 
depends the progress of applied 1:ese~rch 
in the Division as well as im·est1gat1ons 
of other Divisions and outside agricultural 
authorities. 

Work at the Commonwealth Research Station, 
:M erbein, Victoria, and the Irrigation Research Station, 
Griffith, New South Wales, on soils and their behaviour 
under irrigation is described in Chapter IV., Sections 
2 and 3. 

Divis·ion of Soils.-The Division of Soils operates 
in four closely linked sections-pedology and soil 
snrvey, soil chemistry, soil physics, and soil micro
biology. The work described in this Chapter is de
rcntralized into fo·c regional centres outside head
riua rters in Adelaide, 1iamely, Brisbane, Canberra, 
Dcniliquin, Perth, and Hobart. At three of these, 
Brisbane, Perth, and Hobart, branch laboratories are 
already in existence, and it is proposed to add a further 
large unit at Canberra. The object of decentralization 
is for the more effective control of the widespread 
soil investigations and better administration in regional 
units of a more self-contained character. The develop
ment of the branch laboratories is relieving the pressure 
of analytical work at headquarters and allowing a 
closer relationship of field and laboratory workers on 
l'egional problems. It is proposed to establish a 
balanced team at each main centre and the first of 
these is now operating in Brisbane. 

For many years the Division bas been interested in 
the relationships of soils and land use. Considerable 
knowledge has been gained from work over the past 
24. years in irrigation areas, and this bas crystallized 
in a system of land classification accepted by settle
ment and irrigation authorities in the several States. 
More attention is also being paid to this subject in 
developmental proposals in new country which is being 
opened up for the settlement of ex-servicemen. It is 
felt that much of the Division's survey work is made 
meful only through such further studies which buil<l 
on tl1e collected basic soil data. One aspect of this is 
the study in suburban areas of soils in relation to 
<'ngincering properties and building foundations. The 
classification, mapping, and characterization of the 
major soils of Melbourne and Adelaide, particularly 
in 1·egard to seasonal changes in moisture content, have 
p1·0,·ided the first sound information for the investi
gations. The Commonwealth and State authorities 
concerned with building research and mass constru<'tion 
of houses haYe been closely associated with the ,oil 
mechanics work of the Division. 

The Division has co-operated conti.nuonsl:v with the 
Waite Agricultural Institute, University of Adelaide, 
where tl1c main head-quarters laboratories are located, 
and has kept in touch with State and Com.monwen1th 
hodies interested in the research programme. 

During the year, four officers have been overseas 
eitl1cr working in British laboratories or conferring 
with reseaTch workers at various centres in Europe, 
A rnrrica, and India on subjects within their apecial 
lfo1(1s. The Division represented t.he Organization at 
the Fourth International Congress of Soil Srience in 
H01land in J uly, 1950, a~d supplied a clelegate to tl1e 
P an Tndi11n Ocean Science Congre~s in Tndin in 



January 1951. The Division also represents Australia 
on the Commission on Soil Genesis and Classification 
set up by the International Society of Soil Science. 

2. SoxL SnRYEY .aND PEDOLOGY SECTION. 

Work in the Soil Survey and Pedology Section for 
the past year comprised both routine soil surveys and 
fundamental pedolorrical investigations. Staffing prob-

e • d 
lems, includin"' the loss of some experience surveyors 
durin" the y~ar continue to limit the number of 
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projects undertaken, and many requests for assistance 
from outside authorities could not be met. N everthe
less, work has proceeded qn a total of 15 surveys 
throughout the Commonwealth, covering areas front 
4 to 80,000 square miles. Compilation of a manu~l 
of Australian soils, for identification of Great Soil 
Groups as they occur in .Australia, was begun last 
year and is nearing completion. This manual is 
designed for use by officers of numerous authorities 
interested in soils for agricultural, forestry, engi
neering, and irrigation purposes. 

(a) South Australia.-Survey of a third area for 
settlement of ex-servicemen on Kanga roo Island was 
completed, making a total of 2501000 acres mapped 
and classified. The routine work of land classification 
and subdivision on Kangaroo Island is now in the 
hands of the State authorities, the Division of Soi1s 
retaining an advisory interest. Despite the known 
denciencies hindering production and the low clegrP,o 
of ferti lity of soils, the greater part of the surveyed 
area appears satisfactory for deYelopment. in s11f
.ficiently large units. 
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A detailed survey of the Oooltong division of tlte 
Chaffey Irrigation A.rea, for the purpose of extending 
existing horticu1tural settlements, has been completed. 
Only portion of it was found suitable for planting. 
making any considerable extension impracticable. 

D etailed study of the soils of the Barossa Valley 
has been continued. This region is providing an 
instructive study in diverse problems of soil formation, 
soil-plant r elationships for a comprehensive range of 
horticnltural crops under dry-land conditions, economic 
lancl use, and soil conservation. Fielcl work is n bout 
half completed and will be continued during the 
coming year. 

The reconnaissance survey of an area of 230 square 
miles being considered for additional drainage and 
intensified settlement in the Kingston-Lucindale 
district in the south-enst of the State has been com
pleted. Considerable problems in drainage control, 
salinity, and soil infertility face development of this 
area. The survey denned tbe soils and associate<! 
1and-use relationship. The field party has since moved 
northward to County Buckingham, where a recon
naissance over an area of some 400 square miles ha~ 
been begun. This survey has in view the need of 
assisting current early stage settlement by enabling 
a discriminating choice of the various sorts of soils 
to be made. Such a choice is essential if tbe risk 
of wind erosion and of settlement on soils not yr.t. 
proved suitable for pnstmes is to be avoided. 

(b) Victoria.-.A. soil survey of the Preston suburban 
area of :Melbourne was carried 011t on bel,alf of the 
Victorian Housing Commission. 

(c) New South Wales and Atlstralian Capital Terri
tory.-Report.s on surveys of areas at Nyngan and 
Narromine in the :Macquarie regioJ1 hn.ve been issued 
and plans are in band for n third area near Warren 
to be similarly investigated. The surveys are a imed at 
determining the "!'elative merits of irrigation develop
ment for different crops of areas commandable from 
the Macquarie and Bogan Rivers for which limited 
supplies of water are to be available. 

The broad 1·c11mmaissance of the soils of the irriga
tion zone of south-eastern Australia has progressed. 

[t is in abeyance for a abort time during the a•bsence 
of the supervising snrvey officer on a study tour over
seas. The Division has h andled an ever-increasing 
demand for information and maps, from local and 
State authorities in this and other regions. 

A s11n ,ey of the southern tablelands region, as a 
basis for pasture <lcYelopin.cn t and animal husbandry, 
has been commenced and will eventually embrace some 
7,500 square miles of comparatively rich country. This 
work has beeu held up in previous years by the more 
pressing demauds of t.he survey of the :Macquarie 
region. At present about 1,2GO square miles in the 
nortl1 of the 1·egio11 have been mapped. 

D etailed surveys, including examination of the 
r rosion stat.us, ha-re been made over the northern 
portion of the Australinn Capital Territory, comprising 
11bu11t 400 square miles. This work was carried out 
at trie immediate reque.st of the Department of the 
Interior, which is charged with soil conservation in 
the Tenitory, but it has also brought to light interest
ing pedological features. The remainder of the Terri
tory will be completed in the coming year. 

(d) Qucensland.-The resources of the regional 
learn have been concentrated for the past three years 
en u comprelrnnsiYe snrrcy of potential inigation 
lands i11 the vallcY of the lo11·er Burdekin River. 
Lnfiltration stndies "have been made in addition to a 
soil survey of a recomrnissaucc type. over the whole 
n rea and a detailed survey of several sections. Field 
work is now complete, and compilation of the final 
reports nnd maps is in progress. The aim has been 
the study of the nature of the soils in relation to 
irrigation water on possible crops or pastures. Con
siderable experi1;1.c11tal. work in this regard can now 
he built on tbese foundations. 

A start is being made on detailed sm veys of t wo 
areas on the Da rlii\g Dow11s, one of a section of hilly 
clowns in the ncighbonrhood of Toowoomba, and the 
other of open clowns nearer to Dalby. These will form 
part of a study of the black earths of the region and 
assist with an understanding of the current research 
in fertility problems on the soils. 

(e) Tas-mam·a.-T11e Tasmanian regional group has 
extended its work on the northern river system of the 
island in the Launceston Tertiary basin. Much 
detailed information has been gathered on the soil 
resources of this area, and field work is nearing com
pletion. It has been deferred for the more urgent 
requirements of a survey on Flinders Island. 

A preliminar,v reconnaissance covering about 100 
square miles has heen carried out on Flinders Island, 
nt the request of Commonwealth and State land settle
ment authoritie.:;. Problems in drainage, salinity, and 
soil den cieucies haYe been defi.nerl and indicate the 
rssentinl need for soil and agronomic studies. It is 
proposed eYentually to cover the who1e island, an area 
of about 600 square miles, with a view to intensification 
of settlement. Jerial photographs recently received 
from the Tasmanian Department of Lands will enable 
the work to be put on a satisfactory mapping basis and 
to continue with the greatest possible facility when 
the survey is resumed. 

(f) Western A11slrali-a.- The major reconnaissance 
of tl1e south-cast Stu-ling area, embracing some 800 
~qnare miles of forested and scrub-covered country in 
the neighbourhood of Albany, has been completed. 
Special attention bas been given to the prolilem of 
salinity, whieh is prevalent in the soils of this ancl 
adjacent arens, somr already surveyed, in the lower 
south-west. 

Selected portions of the coastal lands to the south 
of Perth, which were mapped in terms of soil associa
tions during the previous year, have been examined in 
more detail. The region. which e},.-tends from the coast 



to the western scarp of the Darling ranges, presents 
a variety of soil conditions and includes several small 
irl!igation areas which may be further developed. A 
detailed .•urvcy of the Government Experimental Far m 
at W okal up in the southern sector of the 1•egion has 
been made and a transect of the coastal belt amounting 
to 20,000 acres largely completed. 

Special closely detailed spot surveys have beell 
carried out at Bindoo11, on the Midland Plain, for 
potential horticultural de,·elopment, and at the Plant 
Introduction Station at Kelmscott, near Perth. 

Tbe survey programme in Western .A.ustr~lia has 
t,aken fu 11 cognizance of the needs of War Ser v1ce Land 
Resettlement a uthorities, both Commonwealth and 
State. Shor tage of trnined ,staff h as limited the amou~t 
of assistance which could be given, but nevertheless 1t 
is expected th:1t during the coming year, as a con
tinuation of previous policy, considerable progress ~ill 
be made by the region::11 unit towards furthermg 
development schemes. 

(g) N ortlt Austmlio.-Responsibility for t he North 
.\ ustr1.1lia survey, wl1ich has been u11Clertaken since l!J4:6 
in conjunction with the Division of Plant Industry, 1s 
1tow vested in a new unit, the Land Research and 
Regional Survey Section. An officer of the Division of 
Soils haR been seconded to this unit, which is engaged 
on surveys of the large under-developed areas in North 
.\ustrnlia, Paptin, and Rrw Guinea. This work is 
reported in Chapter III., Section 21. 

3 . Soll, 0HEMISTRY SECTION. 

(a) Basaltic Soils from ]Asmore, New Sonlh Wales. 
-The chemical work on the basaltic soils from 
Li~more, New South Wales, has been completed during 
1he year and is now being prepared for publication as 
pn1't of a bulletin on this aren. 1\ fractionation of 
,odinm, potassium, calcium, magnesium, and strontium 
present in these soils bas been carried out, and the 
graphical presentation of these results indicates some 
of the chemical differences between the various soil 
types recognized in the field survey. 

(b) Availa.bility of Copper and Manganese.
Studies on the availability to plants of copper and 
manganese have been continued, During the year a pot 
experiment canied ont with oats showed that consider
able differences in npta~e by plants can result from 
different methods of appli cation of these nutrients to 
soils. On a natur aUy deficient soil from Robe, South 
Aust.ralia, greater uptake of added copper resulted 
from an applicatiou mixed throughout the soil than 
from the same amount applied in solution to the 
surface . Uptake of added mangane.se also differed with 
these two methods of application in the soils investi
gated. Usually, but not. invariably, higher uptake 
l'esulted from. applications made in solution to the soil 
surface. Both copprr and manganese applied in this 
way remai.lled very largely in the top half-inch of soil 
at the conclusion of the experiment. It is considered 
t.hat in any inrestigation of the chemical aspects of 
nvailability of these metals, care should be given to 
cnSUl'ing that treatments a re distributed as uniformly 
us possible through the soil. This work is being con
tinnrcl by mea11s of fur ther pot experiments. 

(1') Jon JiJxcha.nge and pH Belation.shil)s of Oation
dominrm/; /::loils.-A stni·t bas heen made 11pon a11 
i111,estigation il1to t he ion exchange and pH relation
ships of various cation-dominant soils chosen with 
special regard to the nature of the predominant clay 
mi110ral present. Bulk samples of each of the soils 
are being made <lominant i11 oach of tho cat ions, calciun;i, 
magnesium, potassium, sodium, and hydrogen, by 
exchange with the appropriate so.It solution and leach
ing with aqueous alcohol. When these treatments are 
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coin plete, information of _a _fundamenta_l 11at1;1re will 
be provided about the v~nat10~ of reaction ':'1th _type 
of clay mineral an~l re)ative cation status. T~1s will be 
ohtained by exannnat1on of the prepared ~011s and_ of 
mixtures compounded from _them . ~uch m[orD?atlon 
should aid in the interpretation of soil reaction m the 
light of other n11alyti~al data . The preliminary exam~
nation of the analytical methods to be 1;15ed for t~lS 
experiment has been completed and work lS now begm-
11i110· on those soils already prepared. The electrode 
system for the determination of i;oil pH is being furt~er 
investigated in order t? as~ess . the extent to which 
,·ariation in reaction with dilution depends upon the 
junction potential between the potassium chloride 
hridge and the soil par ticles.. Early :results show that 
for soils the error due to this cause 1s small. 

(d) Terra Ros6•a and Rendzina Soils.-A chemical 
;;tucly of the inter-relationships _of terra rossa and 
l'Ondzina soils i11 South ,A.ustrnha has been begun. 
Many rC'presentativc profiles have been examined and 
samples collected. These morphologically different 
soils occur in close proximity and on similar parent 
matr.ria l. Geographically, their main areas of develop-
111ent am i11 the vicinity of Adelaide and in the south
rast of the State. 

( e) &perlrochemicot In cesti_qations.-Spectrochemi
cal inrnstigations have been continued and soil profiles 
rcpresentati,·e of the more im~ortant soil gro-1~ps . of 
South Austr11lia hnvc been cxammed. The quantitative 
rlistribution of several of the less common metallic 
i·oustitucnts of these soils is l)eing determined through
out the different soil horizons. Further attention has 
been clevoterl to the diflicnlt.ies associated with the 
accurate quantitativt· determination of the elements in 
~oils and plant asl1 of ~ucl1 rnriable base composition 
ns is commonly enrountcrrd. The effects of the 
prc1>rnc·c of cxress potassiun1 ,sulphate and excess cal
cium snlnhatc in a plant ash on the emission of 
radiat ion 'by copper, manganese, molybdenum, and tin 
haYe been investigated. Potassium sulphate was found 
satisfactory as a spectographic buffer for samples of 
plant ash. Difficulties encountered in the accurate 
determination of ma11ganese in plant ash were found 
to he clue to pronounced self-absorption of the analysis 
line. An equation has now been developed which fits 
the experimental resnlts satisfactorily over a tenfold 
range of conceutrations of manganese. The applica
tio11 of statistical methods to spectrochemical investiga
tions such as this has proved fruitful not only in 
reduci11g tlie amonnt of work hut also in increasing the 
reliability of the resul ts. 

The f acilities of the ])ivision have been made avail
fl blc for training an officer of the Division of Plant 
Indust1•y in spectroobemical techniques and the officer 
hns assisted with the investigations in progress. 

(f) Special Analytical Jlfelhods.-Regional labora
toties have been operating throughout the year in Bris
hane, P erth, and Hobart, and those laborator ies have 
materially a!'sist<·d in reducing the number of soil 
samples cxaminrd nt the head-quarters of the Division. 
This hn;: rnnde it pos~ible to conduct more detailed 
nnnlytiral work on selected samples from the soil 
~ul'veys. Chem ical analyses have been carried out on 
f·lrn c lay fractions of different soils, and the results 
~tudied in eonjt1nction with X -ray diffraction patterns 
und exchange capacity detel'minations. In n1any soils, 
par ticularly some contni:ning abnormally large amounts 
of soluble salts or calcium carbonate, direct determina
tions of exchange capacity have beeu made by measur
ing the ammoniu absorption. The a.ir-acetylene flame 
spectrogra1Jh has beon used fo1• the determination of 
cations in a number of w11ter samples in connexion with 
soil-salt studies. 



.13 

A satisfactory method has been developed for the 
<letermination of free iron oxide in soils. Because 
reduction is brought about by nascent hydrogen at room 
temperature and under conditions of mild acidity, 
attack on other soil constituents is at a minimum. The 
method has been widely used in studying ~he amoun~s 
of free iron oxide iu the red loams from Lismore, New 
South Wales. Work on the possibili ty of the simul
taneous determination of calcium, magnesium, potas
~ium, and sodium b:v di rect measuremen t of the air
acetylene flame emission lines by photo-multiplier 
tubes has been continuC'cl with the assistance of the 
Physics Department of the University of Adelaide. 
The ruethod has been found feasible but the practical 
difficulties are great. During the year a portable 
conductivity unit was built to permit the measurement 
of soluble salts by soil surveyors in the field. An 
improved mi.."l:ed indicator was also developed for rapid 
colorimetric determination of soil reaction in the 
neld. 

4. Son, P1nsws .HW 1h:cnANics SEC'!'ION. 

(a) Soil Strw.:lu.re.-The stability of the natural 
structural aggregates of soil is of importance both to 
agricultme and to engineering. The irregular shape 
and wide size range of tho strnctural aggregates in soil 
make it difficult to measure tlieir friability. Artificially 
moulded specimens of regnlar shape bave received 
some attention but little work has been done on the 
stability of naturally occuniug aggregates. In work 
which has now been published, it has been shown that 
natural aggregation can be measlll'ed by means of a 
drop-shatter method. The dropping procedure sub
divides aggregates along surfaces of weakness into 
smaller natural units. The method has been used to 
help define the strncture a.nd consistency of soils of 
the Ri verina and _\berru usden districts, New South 
Wales. Soils under various crop rotations were 
examined at the Waite Ins ti tu te by this procedure. 
It was fouud that plots which included one year of 
pasture in the rotation had larger aggregates after 
shat tering than those fron t which pasture was omitted. 

The tendency for aggregates to break down in water 
is the basis for another 111ethod which has been under 
examination. It was shown that in a suspension pro
cedme for determining aggregation a shor t period of 
shaking sho.wed to advantage over longer periods when 
the effects of different cultural treatments were to be 
distinguished . Conclusions were also reached on other 
features of the teC'hniquc, including the methods of 
wetting and shaking. The disaggregating effect of air 
entrapped during wetting of soil is an important factor, 
fllld it has been shown that breakdown increases with 
decreasing wateT cont(mt of the soil at the time of 
wetting. 

(b) Soil C oltoids.-l\ study is being made of the 
clay fraction of the reel-brown earth group of soils. 

The ex1tmination of prnfiles from South Australia, 
Victoria, aud New South Wales shows the clay frac
tious to be mixtures of illite and kaolinite, with illite 
predominant. T~1e proportions of these clay minerals 
appear to l'Cma1n constant throughout each pro:6.le,. 
though they rnry from one pro:filo to the next. Red
brown earths from the Adelaide area contain small 
amounts of moutmorillo11ite and chlorite in additio11 
t.o illilc and kaolinite. 

The X-ray studies on the clay fraction. of gevcral 
Queensland soils reported as red-browH ea1·ths sho:1· 
them to be mainly kaolinite, so that they appear to be 
somewhat different from the other profiles studied. 

Work is continuing on the fluo1·escent X-ray spectro
graph. .Ii curved-crystal focusing spectrograph has 
been built and appears satisfactory for the rapid 
determination of certain elements in the clay fr11ction. 
Furt.her work on it is proceeding. 

(c) Movement of Water 1111, Soils.-Infiltratioo 
IJleasurements have been carried out in the Burdekin 
Valley, Queeusland, and in the Barossa Valley, SoutlJ 
ilustralia. The object has been to determine the charac
teristics of soils mapped in the course of the Division's 
soil surveys. The results in the Burdekin Valley are of 
s ignificance in relation to the question of futuri< 
irrigation developments. 

The methods used in these measurements have been 
reviewed in a paper on the effect of lateral movement 
of water upon the results obtai11ed from small infiltra
tion plots. Results were greatly influenced by the size 
of plot used. It was shown that the minimum infiltra
f,ion capacity of a given soil varied inversely with the 
fraction of applied water remaining directly under the 
plot at the conclusion of the trial. When this fraction 
,ms used as a correction factor, results from small plots 
were similar to those from larger ones and there was in 
addition a reduction in the variability of the resul ts 
nbtained from small plots. 

The tendency for water to move under the influence 
of a temperatme gradient is being examined. In a 
closed system, considerable movement will occur from 
the l1otter towards the colder end. The present work 
is throwing light on the mechanisms involved. Water 
moves as n1pour towards the colder end and, in a closed 
.~ystem, there is a return flow as liquid in the opposite 
dircctio11. Under these circumstances, vapour equi
librium cannot be reached. Measurement of the 
redistribution of the small amount of soluble salt occm·
ring naturail,v i11 the soil has indicated the direction of 
li,p1id flow. 

(d) Change::; i11 W ater Gmbtent and .Movement of 
So·ils ·under Co11e1·ed Areas.-Records are being kept of 

.elrnnges occurring under a number of areas covered by 
titnall buildings and paYemcnts in Melbourne and 
Aclelaicle. It is of importance in the design of dwellings 
nud of pa,·ements for the behaviour of expansive soils 
to be known. Information on long-term and seasonal 
i.:bnnges in the water content and in the vel'tical move
ment. of soils is therefore being obtained . Annual 
moreme11ts of up to three inches have been noted near 
the surface of certain exposed clay soils at Adelaide. 
Duri11g the past year additional installations of devices 
for measuring moistm·e and tempe1·atnre l1ave bee11 
made at Essendon airport in co-operation with the 
r'ommomYe11lth Department of Works and Housing. 
In all work with a bearing on engineering problems, 
elosr co-operation has been maintained with that 
Department, with the Commonwealth Experimental 
Building Stntion, nnd "·ith State high\vay authorities. 

The changing moist1ue status of soils under covered 
areas bas been fo1lowed by determining changes in the 
electrical conductivity of gypsum blocks embedded in 
the soil. Techniques relating to the use of these blocks 
have l1ee11 examined i11 a paper which discusses their 
nsefulness for the indirect measurement of tension in 
soil water. 

The shri11king and swelling process r esponsible for 
.;oil movement is being studied in the laboratory. The 
l'elationships between volume, water content, and 
lension dianges in cl11y soils are being ascertained. 

( e) Exwminalion of Soils for Engineering Purposes. 
- }.fapping of soils of buildi11g a1·eas for the housing 
authorities of Melbourne a11d Adelaide has continued. 
thC' largest areas handled recently being those at 
P reston, Victoria, and South P ara, South Australia. .A 
general ized soil map of Adelaide is being prepared and 
the characteristics of the soils are being determined 
11·itb the assistance of a mobile laboratory. Informa
tion on t]ie distribution of soils, their physical proper
ties, and the geological features of Adelaide suburban 
areas is being prepared for publication iu co-operation 
witb the South Australian Department of Mines. 
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Similar work is to be done in the suburbs of Melbourne, 
for which an interim soi1 map has already been 
prepared. 

5. Sou. MrcBOUIOLOGY SECTION. 
Preli.winary studies have been commenced on the 

re1ationships of soil micro-organisms to subterranean 
clover ( Trifolium subterraneum) involving field trials 
at Parndaua, Kangaroo Island, Lucindale, Keith, and 
U rrbrae, and greenhouse trials at the Waite Institute. 
These studies have been dern1oped along two lines. On 
the one hand it has been found that as well as stimula
tion in tl.ie rhizospbere, a wide range of fungi are able 
to invade the root tissues and set up a chronic infection. 
This does not necessarily affect adversely the growth of 
the host plant unless some form of environmental or 
nutritional stress is encountered. The commonest 
environmental stress to which clover plants in a sown 
pasture may be subject is that due to lack of moisture 
during a dry spell, but severe frosts or waterlogging 
under heavy rainfall conditions are also indicated as 
factors. The commonest nutritional stress encountered 
iu southern Australian soils is a limited supply of 
phosphorns, particularly in lateritic soils with high 
phosphate-fixing powers, but less commonly nitrogen 
may become tbe limiting element. Under such condi
tions tbc chronic infection may develop into systemic 
parasitism, and plant growth rate is diminished to such 
11 degree that yield is significantly reduced. In cases of 
most severe attack the plant may fail entirely before 
setting any seed, as usually happens when it is affected 
in the early stages after emergence. Less severe attack 
may be manifested in extensive root-rot. In establish
ing sown pasture on new land, inadequate supply or 
inefficient placement of superphosphate is accompanied 
by large numbers of poor plants whicl1 usually succumb 
to infection. • 

Investigations conducted concurrently have shown 
that symbiotic nitrogen-fixing bacteria of the genus 
Rhizobiitm capable of forming an effective association 
with subterranean clover appear t o be indigenous in 
many southern Australian soils, although numerically 
suboptimal to contribute completely the full season's 
requirement of nitrogen by the plant. Such indigenous 
rhizobia isola tcd from a number of field sites in South 
Australia have been found to be mostly effective and 
p11rtially effective types in their powers of nitrogen
fi.xation, although ineffective types are also found. 
.Autumn-sown subterranean clover in these soils tends to 
be inadequately nodulated in the early stages where 
inoculated seed is not used, but over the winter period 
stimu1ation in the rhizospherc results in an extension 
of nodulatiou. By the end of the growing season 
nitrogen supply is not limiting to the plant, and no 
significaut differences in herbage yield occur between 
control plots and plots sown with seed inoculated with 
various strains of Rh. trifolii. This is also due. in part 
to difficulties in establishing the inoculated strain into 
the soil microflora, and investigations are being con
tinued to ascertain tbe basis of such resistance. 

Greenhouse trials using pot cultures have been con
ducted on the effects of eompetition between different 
strains of Rh. trifolii for nodulation of subterranean 
clover. These have shown that some highly effective 
strains of rhizobia may fail, if used as commercial 
inoculants, owing to their inability to withstand compe
tition from les$ effective or ineffective strains indi
genous in the soil. In selecting straius of rhizobia for 
commercial purposes, equal emphasis must be placed 
upon this character and upon effective nitrogen fixation. 

The range of rhizobia isolated from naturalized aEen 
and indigenous members of the Leguminosae compris
ing elemeuts of the native vegetation has been extended 
by isolations from additional species in genera studied 
previously as well as in the additional genera Daviesia, 
Viminaria, Gompholobi1im, Eutaxia, and Swa.insona. 

Cross-inoculation studies of these rhizobia indicate that 
their natural affinities seem to lie with the so-called 
cow-pea cross-inoculation group, although some stra~s 
do not form nodules on Vigna unguiculala or Acacia 
pycnantha and thus may belong to strain-specific. suites 
1rithin this group. Uniform lack of nodulat10n of 
tioybean, French bean, clornr, l ucerne, field. pea, or 
lupin indicates auy absence of direct relationship to the 
cross-inoculation groups characterized by these _hos~s. 
Thus the likelihood that the indigenous clover rh1zob1a 
have formed a symbiotic association ·with leguminous 
liosts of a previous native vegetation is not great. 

Serological techniques developed in England and 
successfully used there in the study of efficiency of 
ii10cuhtion of red clover wi th selected strains of 
rhizobia in competiti011 with native strains have been 
applied to a study of the antigenic relationships of 
isolates from subterranean clover in South Australia 
and New South Wales. This work has been completed 
and is being prepared for publication. A wide range of 
antigenic types of diverse distribution has been found, 
with little definite district relationship. 

III. PLANTS. 
1. GENERAL. 

Investigations of plant problems related to Aus
tralia's primary i11dustries constitute au important part 
of the activities of the Organization. This work is 
undertaken mainly by the Division of Plant Industry 
ttnd is described in Sections 2-16 and 18 of this Chapter. 
Plant problems in Northern Australia are being inves
tigated by the recently formed Land Research and 
Regional Survey Section. This work is described in 
Sections 17 and 19-21 of this Chapter. 

Studies on the mineral nutrition of plants in the 
Ninety-mile Plai11, South Australia, carried out by the 
Division of Biochemistry and General Nutrition, are 
desci-ibed in Section 22. 

Work on the special problems of irrigation districts, 
undertaken by the Com10onwealth Research Station 
(Murray Irrigation Areas), 1Ylerbein, Victoria, and the 
Irrigation Research Station (Murrumbidgee Irriga
tion .Areas), Griffith, New South Wales, is reported 
in Chapter IV. 

The Division of Entomology is carrying out work on 
insect pests of pastmes and crops, biological control of 
weeds, and insect vectors of virus diseases. This is 
described in Chapter IX . 

Division of Plant I nd11stry.-The head-quarters and 
main laboratories of the Division are at Canberra, with 
field stations and laboratories at the following centres 
throughout the Commonwealth: .Australian Capital 
Territory: Dickson Experiment Station ; New South 
Wales : Regional Pastoral Laboratory and Falkiner 
111:em.orial Field Station, Deniliquin ; Mitchell Labora
tory, Trangie; Queensland : Plant and Soils Labora
tory, Brisbane; Cooper Laboratory, Lawes; Plant In
troduction Station, Redland Bay; Horticulture Station 
Stanthorpe; Tobacco Station, A.yr; Western L\ustralia~ 
Plant and Soils Laboratory, Perth · Glen Lossie Field 
Station, Kojonup; Plant Introduction Station Kelm
scott; Tasmania : Regional Laboratory Stow~ll. In 
addition, officers of the Division are' stationed at 
Sydney, .Armidale, and Griffith, New South Wales, 
Cuuuamulla, Queensland, Katherine Northern Terri
tory, and the Waite Institute, .Adel~ide. 
. The investigatio~s of the. Division are planned to 
increase the. ca!·rymg capacity of pastures for wool, 
~eat, and da1ry1ng products; to reduce losses from crop 
diseases_ and wee~s; to further the development of new 
p_roduct10n, particularly under summer rainfall condi
tions; and to study special crops such as potatoes, 
tobac~o, and drug plants. Unfortunately the lack of 
sufficient laboratory space at Canberra is still an acute 
problem and a handicap to the work. 
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At the request of the Australian Agricultural Council 
the Division organized two conferences of State and 
Commonwealth Officers. A conference of Potato and 
Vegetable Research Workers was held in Canberra 
and Sydney in October, 1950, and in December, 1950, 
a conference of Tobacco T echnical Officers met at Ayr. 
Both conferences were invalua.ble as they enabled 
State and Commonwealth Officers engaged in both 
research and production problems to exchange infor
mation and experience;; to the ultimate benefit of pro
duction in Australia. 

2. PLANT INTRODUCTION. 

The Plant Introduction Section is responsible for 
the introduction of plants and seeds from countries 
similar climatically to Australia, and for their testing 
here. The introductions are obtained through corre
spondence and -0verseas plant exploration, and are 
selected with special reference to their probable value 
in .A.ustralia. In testing introduced plants, the Section 
maintains close r elations with specialists of the Divi
sion, with the State Departments of Agriculture, and 
with the Department of Health, which is responsible 
for plant quarantine. 

(a) Introduction a.nd .l!J:tchange of Plants and Seeds. 
-During the year 51S samples of seed and plant 
material were introduced from 33 countries for trial in 
Australia. As in previous years, pasture and forage 
plants comprised the principal introductions, more than 
half the total number being in these groups. Of the 
remainder, plants for trial in the tropical and sub
tropical parts of Australia were of greatest importance. 
These included many varieties of fibre plants, such as 
cotton and hibiscus, and of rice and leguminous pulses. 
As many of these plants harn not hitherto been grown 
extcnsi\"ely in northern Australia, particular attention 
has been ghen to strict quarantine measures to prevent 
the introductio11 of diseases and pests which might 
impede their development here. 

Most of the introductions were from the Unite<l 
States of .America and Iadia, with many also from 
Canada and Portugal. Ex-cellent relationships have 
been established with the United States, Portugal, and 
Canada over many years, while contacts with India 
have been stimulated by visits of agricultural scientists 
to and from that country. 

Some 956 samples have been sent to overseas coun
tries in exchange, the principal recipients being India, 
United States of America, Argentina, Greece, France, 
and Spain. A new and enlarged seed exchange list 
has been prepared and will greatly facilitate over.seas 
contacts. 

In addition to the trials of iutroduction under the 
direct control of C.S .I.R.O. officers, upwards of 660 
samples have been distributed for trial by State Depart
ments of Agriculture and similar organizations within 
Australia. They include many plants of value for 
erosion control, in which there is evidence of renewed 
interest in several States. Close contact has al.so been 
maintained with the Department of Agriculture, Stock 
and Fisheries of Papua and New Guinea, and plant 
material has been introduced . for and supplied to that 
Territory. 

(b) Plant Explorat,ion.-Iu the latter part of the 
year it was found possible to develop active collection 
of plant material in other countries with a view to 
its testing in Australia. Such plant exploration forms 
an essential part of plant introduction work, as it 
permits a careful selection of plants in relation to 
Australia's requirements and makes available much 
material not readily obtainable through correspondence. 

Arraugements were made for a Merchants Research 
:Fellow, from Western Australia who had attended 
~he Pan-Indian Ocean Scie11ce C~ngress at Bangalore 
m southern India, to visit agricultural research stations 
and similar institutions in that country. As a result 
of ~hese vi~its much interesting material is •being 
received which should be valuable in the Northern 
Territory and the Kimberley district of Western 
Australia. 

At the end of the year two officers of the Division 
were in the Mediterranean region collecting pasture 
and other plants, including especially varieties of sub
te~·rane~i: and. other clovers, medics, and grasses. Coun
tries v1.s1ted mclude Turkey, Israel, Syria, Cyprus, 
Greece, Italy, France, Spain, Portugal, North Africa 
Rnd Egypt. It is anticipated that the material collecte<i 
will for the first time permit an adequate assessment of 
th_e potentialities of a region which has already con
tnbuted numerous plants of great value to Australia. 

During the coming year further collectin.,. will be 
un?er~aken i~ tropical and South Africa, the"' primary 
ob.1ective.s bemg new 11asture and forage plants for 
Queensland and 11orthem Australia. 

(c) Pastme and Fomge Hant 'l'rials.- (i) South
eu,sforn A1islralia.-.A. total of 591 species and strains 
of pasture and forage plants were under trial in rows 
at Oa~bena during the year. Most of them were 
perenrual grasses and annual -or perennial le.,.umes but 
nnnual grasses and miscellaneous forage plants of ~ther 
families ,rere also included. .Among the latter some 
~pecies of San_guisorba and Poterimn, were of particular 
mterest, sho,_vrng g?od drought resistance and an ability 
to grow actn·ely rn late summer and autumn. The 
possible value of these pasture plants is being further 
tested at Armidale. 

A trial sown during tl1e previous year to test the 
usefulness of some of the more productive introduced 
gTasses in association with phalaris and subterranean 
l"lov_er wns ha~dic:ippccl by excessively wet weather 
durrng the earhe1· months, but fair establishment was 
~btaiued an~l the plot? ,rill be grazed at regular 
mtcrvals durmg the comrng year. It is anticipated that 
the trial will indicate whether introduced grasses may 
be _nsed to supplement the standard species dU1·ing 
pcnods when the latter a1·e relatively unproductive. 

Work at regional trial centres conducted in associa
tion with the nursery trials at Canberra has been 
further extended during the year, and an important 
developme~1t has been the establishment of pasture 
plant studies at Crooble, near Moree. These trials not 
only assist in assessing the value of introductions to 
meet special local requirements, but also facilitate the 
overall evaluation of promising new varieties. Some 
of the results in northern New South Wales are of 
sfeci_al inte1:est, and several species of Phalaris, 
1 cin1cu1n, Stipa, Sor_qhitm, and Dact:i;lis are provin"' of 
rnlue in a regio11 in which plant introduction "'bas 
hitherto received little attention. 

Lathyr11s ochrus, which had previou.s"ly sb-0wn great 
promise as a green manure species at Mildura, was 
grown at several properties in the region durina the 
period under review. These further trials confi~·med 
the valu~ of the plant for use in vineyards, especially 
on the lighter soils, where it proved superior to tick 
beans. These trials were conducted under the super-
1·ision of officers of the Commonwealth Research 
Station, Merbein. 

(ii) Q·ueensland.-~'urthcl' ~valuation of pasture 
and forage plaut mtroduchons, especially those 
collected in South A1m1rir!l, has formed the main 
activity of the plant introduction station at Redlaud 
Bay, near Brisbane, <luring the year. A technique 
?as .been evol v~d, base~ on d~f?liation cuts at regular 
mtervnls combmed WJth toxicity tests and chemical 
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analyses, which bas enabled a rapid assessment to be 
made of the potential value of a large number of 
varieties. .From the range of pasture introductions 
studied, 20 have been selected as rn.eriting special atten
tion. These include eleven varieties of Paspalum, three 
of Desm odimn and Stylo~tmlhes, and one each of 
Phalaris, l'hascolus. and A roch:i.~. The climatic and 
edaphic adaptabilities of these varieties are being 
further tested at Gladstone, Urimbah, Lawes, Mary
borough, Kuraby, and Cecil Plains, Queensland, in co
operation with the .Agrostology Section, and at Lismore, 
New South W nles, in co-operation with the University 
of Sydney. 

,Some of the perennial peanut introductions are 
promising as pasture plants, but their usefulness is 
limited by poor seed production. In commercia! pe~
nuts it has been shown that low seed production is 
often associated with calcium deficiency, and an ex
periment has therefore been begun to test the effect 
of different nutrient treatments on the wild species. 

(iii) N orthern 1'erritory.-At the Katherine Ex
periment Station, about twelve grass introductions 
which had shown promise in preliminary nursery row 
trials are being further studied. Information is being 
obtained on the cycle of growth and nitrogen content, 
011 the t ime of breaking of dormancy after the dry 
Geason, and on the leaf-stem ratio. It is anticipated 
that thi.• wol'k will short.ly be completed, and will 
enable the material to be patterned out into groups 
of varying climatic an<l eJaphic adaptability. The 
most promising introductions at present include strains 
of Oenchrus ciliaris, Panicum colorafom, Paniciim 
maximum, and Dig,itaria spp. 

Of the pasture legutucs under tr ial, the most valuable 
include Stylo, 8tylosanlhes bo,ieri (from Tanganyika), 
and Terannus lab,ialis (from British G uiana). Some 
supplementar_y irrigation is required to extend the 
growing season for Stylo and thereby permit its full 
development. 

Further trials bave eonfirmed the value of species 
of Pha:,eol1ts as grain legumes, and indicate that yields 
of 1,000 lb.jacre of grain containing 23 to 25 per cent. 
of protein shonld be obtainable on a commercial scale. 
No respouses h:we been sltown to cli fforen t fer tilizer 
treatment or seeding rate.,. 

(iv) ·western Au:,lral·ia,.-During t he year a new 
plant i11trorluction station was established at Kelmscott, 
near Perth, which will be developed as the principal 
nursery quarantine centre for the State. The establish
ment of this station will allow more attention to be 
given to pasture plants, including both annuals and 
perennials, and i t will be particularly useful as a centre 
for testing new introductions resulting from intensive 
collecting in the Meditenanean region . 

Replicated trials were conducted at Perth, Kojonup, 
and Wokalup to obtain further information about the 
agronomic value of vetches and other grain legumes 
and their possible usefulness in combination with oats. 
In general, these confil'luecl t he results of previous 
trials, but in mixtures with oat varieties the one
flowered vetch ( Vicia a.rliwlata) was largely sup
pressed, possibly because of the exceptionally favorable 
seasonal conditions for oat growth. 

Close lia'ison h as been maintained with the Westem 
Australian Depar tment of Agriculture, and e:,;.-tensive 
:field trials of promising introductions we1·e conducted 
by the Department. Highly favorable reports have 
been received on the performance of so_me of the ve~ch 
varieties released by C.S.I.R.0., while a perenmal 
brome grass, originally received from Lithuania as 
Brorrvus povovii, has been outstanding in the south
western dairy belt. 

( d) 'I'rials of Crop .t'lants.-Studies of vegetable oil 
plants have been continued, especially __ at Lawes, 
(~ueensland and K atherine Northern Territory. The 
season at La \\'es was 1m~sually wet, favouring the 
development of rust in the linseed_ varie_ties, and !?m~ 
l'ust-snsceptible strains froni India w_lnch had t>1ven 
,rood 1·esults in previous y(!ars had low yields. However, 

· ~ome other introductions continued to compare very 
favorably with the standard variety (Walsh) used as 
control . 

Introduced sunflower varieties from Canada, Argen
tina, Uruguay, and several Em:opean count7ies are 
under trial at Lawes, and studies of flower~ng and 
seed-setting have been continued. These . studies _have 
as their object improvements of the b~sic te~h1;1-iqu~s 
required for the development of hybnd vaneties m 
Australia similar to those which have proved of out
standing value in Canada. 

The main objecti ve of the safilower work at Lawes has 
been to obtain high-yielding spineless types, and some 
progress has been ach~eved. Under _favorable CO?,di
tions in small scale tnals, almost spmeless selections 
have yielded at the rate of over 1,000 lb./ acre. Several 
recent introductio11s are showing promise. 

Only a restricted programme of work wi th vegetable 
oil crops has been conducted at Katherine, and there are 
no outstanding results to repor t. It. has been shown 
that several oil crops, including peanut, rapeseed, sun
flower, and sesame, are well adapted to the climatic 
and other conditions, and produce yields fully com
parable with those in other countl'ies, _but ~ ch_oice 
between them must depend upon further mvestigat10ns 
of the requirements for balanced agricultural develop
ment in the Territory. Analyses made in England 
indicate t.hat sunflower oil produced in northern Aus
t ralia -is of particu larly high v::ilue for the food 
ind ustrieE. 

Peanut l'ariety trials, involving many varieties from 
Soutl1 America nnd South Africa, have been completed 
at Redland Bay. A. rigid quarantine check has been 
made, and tl1e most desirable agronomic types have 
been selected and released for fur ther t rial in the 
~ oTthern Territor.v and h:,- the Queensland Depar tment 
of .Agricultme. 

Certal rnricty trials b.ave been c:ontinued in Western 
J .. ustralia, while technical plants under investigation 
include canaigre (Rumex hymenosepalus), a possible 
commercial source of tannins, a nd ke11af (Hibiscus 
canncibi11,u:,), which yields a fibre which can be used 
to replace jute. 

( e) Other Investigations.-As part of a general 
progl'amme designed to strengthen the theoretical and 
practical basis of plant introduction work, studies have 
hcen undertaken on some aspects of plant geography. 
A paper has been published dealing with the relation
ship between grass distribution throughout the world 
and climatic factors, and this will form the basis of a 
Boristic method of com paring plant environment in 
widely-separated regions. 

The P1ant Introduction Section is also preparing a 
map of Australian vegetation which will form part of 
a11 Austr11lia11 Resources .A.tlas sponsored by the Depart
ment of N at1011al Development. Apart from its more 
obvious uses, this map should be of value in comparing 
Australian vegetation with that of other parts of the 
world from which om· plan t introductions are obtained. 

.\t bot,h Can berra and Brisbane studies are being 
nwde of tl1e growth and deYelopment of selected arasses 
in relatiou to seasonal conditions here and the climate 
of_ the countries of origin. It is hoped that these studies 
w1H lead to the developme1tt of a technique enablirt~ 
plants foun~l promisi11g in initial nursery trials to be 
allocated with more conndence for further t rial in the 
most suitable areas. 



A project o[ ruol'O immediate practical importance 
is the prcpumtion of Hll inventory of econornic plants 
under cultirntion at experiment stations, botanic 
gardens nnd similar institutions in Australia . .An 
uxccllent response ha:; been recei,'.ed to a q~est~onnaire 
which was sent out to all appropnate organizations and 
the composite inventory is in prcparati~n . . It ,~ill be 
of \·alue in 1·educlll"" u11neeessary duplication m the 
testing of plants at several centres, in de~ling wi~h 
o,·ersens requests fol' ~ee<ls and plant_ material, and _ rn 
helping to ensure tlrnt· nl l wortl1-wlnle plants r eceive 
adequate tl'ia1. 

(f) llerl)(iriv111.-Thc numhcr of speciwens now 
incorporated iu the hl'l'barium is 23,168, an increase of 
2,133 sheets during tlie year. Ho11ti11c <lctrrn1inations 
have contim1ed in conncxio11 with the work of officers 
of the Division, of tl1c J,and Research and Regional 
Survey Section, and of other govornmental and private 
bodies. The collections h111·c nl•o been enriched by 
~peciruens rrceived in exclrn11gc from other countries, 
including :-,outh .c\ fricn, Lrrnguny, uncl Holland. O~l
lcction.s uf ;.ue<l of natiYe plants wcl'e mude for use rn 
1>la11t iutrod uction l!Xcbanges. 

Owing to tl1c reduced number of routine inquiries it 
was possible to give greater attc11tio11 to original 
research, an<l durin~ tLe year a revision of the Aus
tl'Cilian spe1·ics of Triodia was completed and presented 
hw pnblicntio11. Somo time bas also been given to a 
study of di ·tribution problems in the Australian flora, 
particulal'ly Acclcia 1mcl Ei1calypt1is1 and a papel' 
on titled " Some effects of the arid JJCrio<l on distl'i bution 
pattern in thr .\ustra Jiau flora" was presented at the 
Bri~bane meeting of the .\ustralian and New Zealand 
Association for the 1\ dra11cement of Science. 

At presu11t a considernble a111011nt of time is being 
given to the plaut materia I collected in tbe Nor thern 
Tcnitory hy botanists of the Land Research and 
Regional Slll'rny Section. Tt is hoped to accumulate 
informatio11 on tho distribution of plants in northern 
Australi:i. und to eo111 hi11e it with information on their 
rcology. 

3. Pr,.,NT G.1-;:-. RT1cs. 

A 8octio1t or Plant Gl•netics has again beea estab
.lished within the Division, embracing the gcnetica1 
work and sta H desc:ri bed preriously under the heading 
of Vegetable I1n-estigations. ' l'hc scope of the work 
bas been increased to iuclnde genetical and cyto
genctical investigations of important and potential 
pastme spcc·ies for Aus tralian conditions, cer tain cereal 
problems 11ot being pursued clsewhel'o. aud problems in 
the ,liseasc resistance of major Yegetable crops such as 
the tomato and the potato. It is anticipated that 
gc1wtical problems of crops and species important in 
the north of Australia will be tackled i n the future as 
:;tafl· and facilities bctou1c a railahlc. 

(a) Induced Aufopolyploidy in lite l1np01·tant 
JJasi 1~1-e Species of A nslralia.-Aqucous 0.4 per cent. 
c·olchicine solutions wore 11Scd to double the cl1 romosome 
number of subterranean clover ('Prifoliwn subter
ranwm ), white clover ('/'. repens), lucerne (llledi-eago 
sativa), vnrious aimual Jledicago species, and grasses 
liJrn Paspalmn scrobicalut1un, Phalari.~ tuberosa, 
('hlori.s gayana, pcrc11ninl rycgras;; (Lolium pcrenne), 
1111d Wimmcra ryegrass (Lolimn spp.) . .A.utopolyploids 
wcrc <'a,:;ily produced in the legnrninou,; species, whereas 
special tccl111iqucs had to be developed for their in
duction in g rasses. .\ natomical, physiological, and 
agronomic aspects of tho au topolyploids are being in
l"esti~ated in order to assess thei1· adaptability to field 
ronditions. Low fer tilit.r will rcstrirt the us~ of most 
of them. 1 n nddition, iL is ob1·io11s that polyplo idy has 
n beneficin I effect iu 011 ly a fell' of tl1e species, the 
,uajority, like suhton1111pan clo,·er. being l'cd11ccd in 
, igour. 

F.6054.-2 

17 

(b) fod1iction of Gene _il.fotations in the Important 
l'asliire 1:Jpecies of .lfoslralia.-It is considered that the 
production of mutants or mutant characters could be a 
factor in increasing the range of adaptability of some 
of om major pasture species. V a1·ious chemical 
111utagens have been trie<l, but up to the present none 
has been found particularly effective. 

X-ray dosages of 10,000 to 20,000 routgens have 
been applied to dry seeds with a view to inducing 
mutations in the resultant plants. In general, gi·amina
ccous species like Phalaris lilberosa and Lolium perenne 
will not tolerate high dos ages but leguminous species 
like 1'rifoli111n sublerraneum and Medicago saliva are 
11ot injured by 20,000 routgens. Subsequent genera
rions from the Rl phwi" will reveal mutant types which 
!t avc LeeJ1 produced . 

( c) .l!,':cu1ni11alion u/ .I nter~pecific Bellilion,ships of 
('erlain Oe11era Uonlaining fmporlant Pastu1·0 Species. 
- Tlle nrni11 genera bci11g examined at present with a 
" icw to tl10 production of interspecifio crosses and the 
.~ub~equent productiou of allopolyploids aro Nedicago 
(aunual types), 1-'haluri;;, and E'hrharta. It is hoped 
to extend this investigation to other genera potentially 
important in Australia . T hese investigations could 
result uot only i.n cxtc11diug the ruuge and adap tability 
of sowo of our major pasture types but also in the 
sy11tl1esis of new and rigorous pasture species. 

(d) Ue11etics of Resislunce lo the Mosaic l"iruses of 
lite l'olalo.- This investigation, which has been pro
eee<liu.g fo1· some teu years, has resul tod in t he 
successful production of high-yielding potato seed
lings of good agronomic quality which resist the major 
111 osnic 1·irns diseases in tl1e field . The agronomio 
asper. ts of this work urn being done i11 coujunction with 
State Depal'tments of ,\ gricul ture. A study of the 
pltcnotypic reactions among the seedlings of hybrid 
progenies has resulted in a11 understanding of the 
po~sible genotypes inroh·cd. 

(ll) Develoznnenl of Hesistaiico to the L eaf-roll Virus 
i11 the Potato.-This is now the most important prob
lem in the potato. Work here has shown a wide range 
in n:actiou to leaf roll among the phenotypes from 
different hybrid progonies. Phloem necrosis has been 
nsed HS 011 index of sevrri ty of reaction. Glasshouse 
and fiehl experiment~ in progress with n. number 0£ 
hybrids roacting with different degrees oi phloem 
11ccrosis muy give a lead to tbe phenotypic reactions 
l'Csnlting in resistance. 

(t) J:ipolicd Will Hei;istanoe i,n the F otcito.- Field 
l'Xpe1·i111ents hud show11 that vu1·ieties like Katahdin 
possessrd a high deg1·ce of resistance to spotted wilt 
w !tile rnricties like Factor wo1·c very susceptible. It 
11·11s fou nd that the usual method of hand inoculation 
of tho lea \'CS iu g lasshouse experiments had to be 
1110tlifie<l if a true indication of the phenotypic reactions 
arnongst seedling progc11ies and varieties we1·e to be 
ohtninecl. The 111odificatio11 which proved successful 
wm, the i11oeulatio11 of young growing tips at the 
tlo11·ering stage with i111 ordinar,, 111ixed culture of the 
~potted-wilt ,·irus. 

(v) Uc11ei ics of ::Jpolled IVill Resistance in the 
'i'omal,o.- \\' ork be1·e and elsewhere ll'ith hybrid tomato 
I" ogl•iril•s clL're:loµPd for spotted 11·ilt r esistnn(•c has g·iven 
110 imh·11tio11 of tlw genotype inrnlved and has not 
r1·~11ltrd i11 the- dl•1·olop111ent of c·ommercial types with 
rite required 1·esistun1·P. l t bcc-H111e obrio11~ that a 
~tud.r of tht' pbe11otypic real!tions to spotted wilt of 
/;ycoper.~icu11, specios, with rarions degrees of resistance, 
,ms a uccrssnry ba is for genetic wo1·k on this problem. 
Experiment~ ha,·r ~hown that a \·irus inactirnting 
111C>cha11 i~m i;rnsi ti ,·e to temper at urc is p1·oseut in J,. 
pim1,i11ellifoliu111 . T,. 7>('ru 1•ia11111n, and L. c11culenluin 
nu. Ile,v de l os Tc111pranos. H ybrid p1·ogenies can noll' 
be assessed for spotted wilt resi$tance with some degree 



of accuracy. The high resistance of L. per'uvianimi is 
being incorporated into L. escillentmn types by the 
production of triploids. 

( h) Genolypes fo~· E~lworm -F,esist(~nce . in ~he 
Tomato.-'l'his work is bemg done 111 conJunction with 
the Commonwealth Research Station, Merbein. The 
high resistance of a tomato accession originating from 
a L. esculentum-L. peruvicinnm hybrid developed by 
embryo cul ture at Davis, California, has been con
firmed under Murray Valley conditions. Suitab]e 
hybrid progenies are being developed and tested 111 

eel worm-infested soil with a view to finding the number 
of genes involved and developing agrn~omic types ~or 
the Murray Valley. Agronomic sel_cction and testmg 
are being done by the South Australian Department of 
Agriculture. 

(i) Genetics of Resi~fonce to Legume Viruses in 
Pisum sativum aucl Trifolium subterraueum.-Subter
ranean clover and garden peas arc somet~es at~ac~ed 
by certain legume viruses. Two legume Vll'USes simi~ar 
to Bean Mosaic II. have been isolated and are bemg 
used to distinguish resistant phenotypes in pea_ I?ro
genies involving varieties like Greenfeast, ~1ll1aw 
Massey, and Canners' Perfection. Th~ segregat10ns so 
far have indicated that only one ma,1or gene may be 
necessary for resistance in peas. Wit~1 ~ubterran~an 
clover, a relatively large number of varieties are bemg 
tested to isolate types resistant to one or both of the 
legume viruses being used. 

(j) Uylological 111 ve1j/•i,qalio1!s·-:It is i_nlendecl thn_t a 
cytological study of all matenal mvolvmg polyplo1dy 
and interspcci:fic crosses be made. Chromosome counts 
in root tips of the material involving Lycopersico11 
species have been commenced. 

4. PLANT DISEASES, 
The work under this heading is carried out in the 

Section of Microbiology and deals with plant pathology, 
virus studies, pure culture collection~, and. antibioti_cs. 
Special attention has been given to virus diseases with 
the object of control bj7 chemotherapy. Investigations 
on the use of antibiotic substances for controlling plant 
diseases are continuing. The Division is assembling 
and maintaining a Commonwealth collection of fungal 
and bacterial plant pathogens in Canberra. 

(a) Potato Virus D·iseases.-(i) Pola/,o Tfi?-•us X .
An expe1·iment designed to determine the relative rates 
at which virus X will spread in five potato varieties 
gave anomalous results suggesting either incomplete 
invasion of the tubers of a plant or a mode of spread 
other than by plant-to-plant contact. F urther observa
tions are being made. 

( ii) P.urple Top Will:.- Observation in storage of 
tubers derived from plants infected with this disease, 
caused by the Tomato Big Bud virus, showed that it 
caused the "hai1· sprout" or "thready eye" condition 
in a high percentage of tubers, although some were 
apparently free of virus. A liu-gc number of affected 
tubers was grown il1 the glasshouse and the virus 
recovered by grafting to Da.fora stramon:inm from the 
resultant dwarfed plants. 

(b) Planl Tissite Cull 11rc Techniqiies in Virus 
Stiidies.-(i) Root G1·owlh.- Difficulties encountered 
in tl1e growth of tomato roots in synthetic media have 
been i1westigated and a satisfactory technique evolved 
using White's medium. Clones of tomato roots with 
and without virus X h ave been set up and studies com
menced with the addition of chemotherapeutic agents 
to the culture medium to inhibit the multipl ication of 
virus X. Attempts to grow potato roots have been 
unsuccessful. 

(ii) Cullttre of Apical llferisfom of Polato.-The 
apical meristem of numerous potato shoots has been 
disse.cted out aseptically and placed on synthetic nutrient 
medium. S uccessful growth was obtained in several 
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cases. Stel'ile clones of plantlets are now available for 
further studies. Best growth occurred when coconut 
milk was added to the medium. 

(iii) Potalo C:i,llus . Tissue.-Undi~erentiated callus 
tissue infected with vuus X wa_s derived fro!Il potato 
stems by planting segments aseptically on nutrient agar. 
Pieces of callus trausfened from these stems to other 
1,utrient a"'ar in which 2,4-D was used as a growth 
hormone h~ve continued to multiply and will be used 
in chemotherapy studies. · 

( c) Witches' Broom Dis.ease of Luc~rne.-Field 
:;tudies of W itches' Broom d1sease, begun lll 1947 and 
designed to give information on the effect of the disease 
on individual plants as well as on a stand of lucerne as 
t• whole have beeu concluded. 

A "l~sshouse controlled watering experiment has 
shown° that symptom expression of diseased plants is 
influenced by water supply and by frequency of cutting. 
The combination of high water supply and frequent 
cutting causes a high mortality l'ate of diseased plants. 

Transmission of the disease to a number of new hosts 
Las been obtained by using C1tSc1da campestris as an 
in termediary host, and also by grafting. The host 
range includes tomato, potato, carrot, lettuce, petunia, 
Calendvla, Dat1tm stramonium, Dafora tafola, Vinca 
1·osea, Vinca alba, Nicotiana glutinosa, Nicotiana 
rust ica, 1'licoliana tabacum, N icotiana tabacum var. 
atropurpnremn, and Orolalctria goreensis. The 
symptoms of Witches' Broom disease on these hos~s 
strongly resemble those of Big Bud of tomato, and 1t 
seems likely that these two diseases are caused by the 
same Yirus. 

(d) Potalo Diseases.-(i) Common Scab.-A 
Jurtber field trial of varietal resistance to Common 
Scab (Actinomyces scabies) was conducted at Canberra. 
Ontario and United States seedling 6344 showed the 
b ighest resistance of the se,en varieties tested; Russet 
Sebago wns slightly more resistant than Sebago, but 
less resistant than Ontario or 6344. Menominee 
appeared less resistant than in the previous season's 
trial. 

( ii) Hhizoctonia solani.-In a pot experiment, a 
single potato variety was grown in a numbe.r of dif
ferent types of soil under uniform conditions of tem
perature, soil rnoistlU'e, and inoculation with a single 
1,athogenic stra ir: of R . solani. The amount of sprout 
injury did not rary significantly in the different soil 
t,vpes, which ranged from infertile sand to rich, heavy, 
alluvial loam. 

(iii) T,ale Bli,qlit.- Furthcr tests of a number of 
blil;'ht-resistaut potato hybrids from Scotland and 
Canada against eight isolates of Phytophthora in festans 
from N cw South Wales, Tasmania, and Victor ia gave 
110 e1·idcnce that more than one strain of P . infestans 
11·as included amongst the eight Australian isolates 
tested. 

( e ) Pasl11rc Diseases in the Ninety-mile Plain, 
i:Jouth Ausl1-ali11.- Thcse were im·cstigated in co-opera
tion with the Division of Biochemistry and General 
Nutrition. Very stunted or almost bare p::itches with 
11·0,ll-defined edges, apl?ear~d in f~sture _o1: sandy'heath 
s01l soon after germmat1011. I wo d1st1nct types of 
J!atcl! ~ccmr~d. In _one, tl~e r oots were rotted by soil 
hmg1, rncludmg Rli1.zoclo·ma. Pythium, F'usarium, &c. 
In tl!e sec?nd type, eelworms (H eterode1·a sp.) were 
plentiful rn the roots, sub terranean clover beino
i;everelv affected. " 

In b~th types of patch, 110 consistent differences were 
found between affected and unaffected soils in pH . 
tot11l soluble salts, or soditun chloride. The pH ran"'ed 
from 6.7 to S.7. The zinc content of clover fr~m 
affecte.d areas tended to be lower than that of parallel 
~ampl_es from normal areas, but it is not thought that 
tho d1fferences were large enough to account for the 
stunting in the absence of other causal factors. 



U) A.ntibiolic Jwvestigations.-Screening of soil 
iuicroflom for antaO'onistic m ircro-organi&ms has now 
been placed on a ro;tine basis. To April, 1951, a total 
of 78 antagonistic isolates bas been obtained. Of these, 
12 are actinomycetes ancl work is being concentrated 
on tl1is group. Screening \\"ill be continued with media 
which are at least partially selective for actinomycetes. 

Preliminary selection studies, invohing spectrum and 
potency tests, are in progress on actinomycete isolates, 
to allow evaluation of isolates against both fungal and 
bacterial pl ant pathogens as a basis for selection of 
organisms promisi11g enough to warrant developmental 
work. Two such organisms bare already been selected. 

Arrangements have bee11 made for co-operation with 
antibiotic workers at the Commonwealth Serum 
Laboratory iu screening the A ustralian soil microflora 
for antibiotic-produciug actinomycetes. 

An investigation of the effect of actidione on cherry 
fruit showed tliat concentrations of 1, 5, 10, and 25 
p.p.m. had no phytotoxic effect and caused no storage 
i11jury to frt1it under tl1e conditions of the experiment. 
This material has been reported by various American 
workers to be very effective in the control of cherry leaf 
spot caused by Ooccomyces hiemal•is, but no information 
on possible fruit injury has been available. 

(g) Brown Rot of Stone li'ruits.-During the past 
three years great contrasts in the amounts of brown rot 
in adjoining trees have been repeatedly observed in 
Oanbena. The evidence suggests that the factor 
responsible for the var iation in disease incidence is in 
the immediate environment of each individual tree. 
'The trend of disease incidence over the last three years 
in individual trees is to"·al'(ls inci·easiJ1g percentages 
of rot in successive seasons. Attempts to increase 
the amount nf brown rot in a11 apricot tree by intro
•l ucing extra inoculurn before and during ripening in 
two successive years failed to increase the incidence of 
rhe cl isea se. 

(h) Seedling lJlight of Peas.- The inherent charac
ter of some soils may not be as suitable as that of other 
soils for pea seed germination. The disease-producing 
capacity of tlte pathogen in one soil may be differnnt 
from the d iscase-producing capacity of the same spec:e.s 
of organism in another soil. Applying water to a <lamp 
soil after sowing peas may result in greater loss from 
~eedling blight than applying the same total amount of 
water in one applicattoll to a dry soil. Stirring the soil 
immediately before sowing, to distribute the moisture 
evenly, resttlts in a higher pel'ceutagc emergence than 
from unstined soil. 

A steamed soil when iu fested with the sand fraction 
gives more seedling blight than ,rlten infested with the 
colloidal fraction of an unsteamed soil. The pathogen 
can be easily isolated from plates sown with a portion 
of the sand fraction. It has not yet been found on 
plates sown with the finest colloidal. fraction. R ela
tively few bacteria are associated with the sand fraction 
of a soil. The arnrage of the numbers associated with 
the colloidal fraction is 30 t imes greater than the 
average numbers in the sand fraction. 

(i) Tal.;e-all of Wheat.-Since the l ast report was 
nrnde concerning take-all of \\'heat, two experiments, 
each of four years' duration, have been completed. 

The evidence is that the control of take-all by fallow
u1g is by modification of the effects of the d
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isease in 
infected plants. Induced Tesistance appears to be the 
result of greater availability of nutrients in the 
fallowed soil. Some superimposed fe r tilizer treatments 
may be associated with an improved condition of the 
roots at harvest time, others with the opposite effect. 
These differences in root conditions are not reflected 
i n the yields. 

With various fertilizers it was shoW11 that the 
condition of the roots at harvest time, the grain yield, 
and total woigh t of plant3, were all better in the soil 
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to which a culture of Ophiobolus r;raminis was added 
than in the control soil. The addition of superphos
phate to the soil used in the experiment was without 
effect on yield or on root rotting. The combination of 
11itroge11, potassium, phosphorus, calcium, and mag
nesium gave the most satisfactory results over the 
four-yenr period. 

5. FitUlT 11\rvESTIGA'l."IONS. 

The work in the Division is confined mainly to apples 
and pears and is carried out at Stanthorpe and 
Tasmania. 

Work on vine and citru.s fruits in progress at 
Mer.beiu and Griffith is outlined in Chapter IV., and 
investigations into insect pests are described in 
Chapter IX. 

(a) Avple and Pear Investigations, Slanthorpe, 
Q1ieensland.-W ork at the field station at Stanthorpe 
is concerned pi·imarily with apple and pear rootstocks 
and stock-scion relationships. Inve.,tigations are 
designed to discover roo tstocks wl1ich give a better 
performance under AustraliErn con<litions than the 
commonly used stocks, arc easily propagated, and are 
irum1me to attack by woolly aphis. 

Crops on the main experinient plots were light during 
the 1950-51 sea.son as a result of very unfavorable 
conditions which obtained dming the blooming period. 
The comparative _yields of the various rootstocks and 
treatments, howeYe1·, were in co11formity with results 
previously reported. 

Tn another apple l'Ootstoek trial planted during 
the winter of J 050, clcrcn new woolly-aphis-immune 
stocks budded to J 011arh:rn ,11·c being tested against 
Nor thern Spy. TJ1esc IH· 11· immune rootstocks were 
bred at the :East :.'ll11lli11!,! Rc,·carch Station in England. 

Il. further fh·c f1cres of land has been prepared for 
the planting of another t rin I during the present winter. 
In this trial £om Merton stocks which gave excellent 
results in an eight-year nnrsery trial previously 
reported, together with a local scfo~·tion 84, budded 
to Delicious, will be tested against Delicious on 
N ortbern Spy and Deliciom on its ow11 roots. Some of 
these stocks have been distributed to nurserymen. 
Other nmsery trials and small exverimcntal rootstock 
plots are being continued. 

In studies concerned with the problem of replanting, 
soil analyses and experimentation ha~c shown that it 
is most unlikely that an accm1mlation of arsenic i.n 
the soil, from continued lead arsenate sprays, is re
sponsible for the difficulty encolllltered in rc-establish
i11g trees 011 old orchard land. It has been found that 
:lJ)ple seedlings fail to grow norroall,y in soil infested 
with the nematode Pratylenchus pratcnsis, which has 
been found in the Stanthorpe district. 

(b) ilz;ple Invesligations in Tasmania.-(i) Physio
logical Disorders of Storage.-W ork in Tasmania over 
a number of ;years sought to discover the causes of the 
various physiological disorders which occur in apples 
during common and cool storage and what orchard 
factors affected the incidence of these disorders. The 
most important si11gle factor was found to be the size 
of the crop from which the fruit was derived and the 
size of the individual fruits. Investigations now in 
progress seek to ascertain the differences which exist in 
the mechanism of post-harvest development in fruit 
from large and small crops. In the first place a 
detailed examination is being made of certain varieties 
of apples selected to cover a wide range of such varietal 
characteristics as inherent size of fruiL, period of 
maturation, and susceptibility to disorders. Fruit of 
these varieties both from trees carrying l arge fruits 
and from. trees carrying small fruits are being examined 
for respiration rate, cell size, total and free acid and 
total and soluble nitrogen. Total and soluble nit;ogen 
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is also l.10ing dotennined iu the l~avea. In th~ second 
plntlo, similar examh1ation_s are ~01!1g made at rn~er~rals 
during tho development of the fruit from largo-fruited 
uud small-fruited trees of thP. one v:niot,r. Thi~ :V?J'k 
is oomplemcntury to work being done by the D1v1s~o11 
of Food Proser vatiou (see Chapter XII,; Sect10n 
8 (b) ). Tt is designed to <letermi~e liow ~arietal _ cliar
acteristics may be correlated ,•,1th ~rm~ phys1ol?gy 
and how tliis is affected by mean fruit size, cell size. 
nitrogen status, and mineral status. 

(ii) Problems of Gas Sto1•age.-It is believ~d that 
tho a pple ind1istry in T11s111nnia is approaclung t~e 
situation when •~as storage might become econonnc. 
No informatioh is ftl'ailnblc on tile behaviour of ':fas
muuiun apples in ga.~ ~to1•age except that 0Mu111ed 
i11cli1·ootlv ln i11Yesti1tntions of the disorder known as 
Browu Heart. .'i. bcginniug has therefore been made 
with pl'<llimi.nary tests and during the 1051 sea~on 
the behaviour of the varieties Cleopatra, Tasman r~·1de, 
Jonathan, Granny Smith, Delicious, Golden_ D~h01ous1 
1111d Demoorat in oonc:cntrations of car bon djox1de of ::, 
per cen t. at 33° F . is bei11g examined. 

( c) Seed Potafoas.-A poteutii~l 1;11urket for Tas
mli.ninn potatoe.s exists in Rhodesia 1f they could be 
landed in s11tisfactory condition after the end . of 
September , In co-operation w~th . the T ~smanian 
Depar tment of Agriculture iuvest1_gut1ons <lurmg 104fl 
und 1950 were mudu on tl1e effoct of eool stor~ge 
and cherrtical t1·euttrieut on the subsequent sprout~ng 
of seed potatoes. It \1·us desired to delay sp1:out1ng 
betwee11 the time of digging and the d~te ?f. ~h1pment 
in cut·ly September without unduly ~nh1lntmg sub
sequMt sprouting. Test~ sltow~d that for three of the 
va1·ioties viz. l; p to Date Mech um and Late Brownell, 
sto!'age ~t 3fl° F . fo r eight wGeks effectively _del~ycd 
spt·o,lt!ng but <1 id 110t affect_ subsequ ~nt gerrm~at1?hs 
on pln11ting. Treatment with cheuncal germmat10n 
i11hibito1's such as "Fusa rcx" ,ras effective in retarding 
sproutino- in tl1e post-cool-storage period if applied 
ufte1• th; cool-storage treatment but not if applied at 
its commencement. 

6. Dnuo PLANTS. 

(a) ffarve'.IJ of N11t·i·ue Plants /01· Substances of Pha'l'
macoloqica.l and Chemical Va lue.- 'I'h!s s111·vey has 
contint;ed on t.hc ha.si;; outlined in earlier reports, 
rnatcria1s selected by means of field tests being_ pa~sed 
to collaborati1w Universities for further exanunahon. 
Some rest1lts ate reported b_y the Di,·ision of Industrial 
Chem ist.1•_y (sr:e Oh11t)ter XVIT.1 ~ection 7) . . 

Dming the year so.tn.e GOO addit10nal prelimmary testi:: 
1vere made of native species for the presence of alka
loids, saponins, c_yanogenetic glycosides, and other 
chemical principles, and some 250 hulk samples. of 
material were collcetcd a11rl forwarded to the chemical 
laborntorios for more detailed examina tion. The new 
species found to contain _a_llrnloids were in_ general dis
t ributed amon" the follllhes and goncra 1n much the 
.;umc prnpor ti;n as previo~1sly reporte~, but a higher 
proportiou selected for tost'lng were den n1 fr~m those 
i:imilics and genera now kuown to be nch m these 
i-. ubstauC'es. Fift:y ~pcoiPs have now given positive tests 
for thu prusouce of cyanoge1;1etic glycosidcs and ·70 f~r 
n substantial oontc11 t of ni trate. Both liyclrnuyamc 
aeid and nitrate may be respon_siblo for _tlic poiso~i;ng 
of l ive-stock. Somr 200 species by g1vmg pos1t1ve 
rcartio11s both to tho froth test and the Liebermann
Burchard test have now been showu to contain saponirui. 
The results of all preliminar_y tests have been collated 
nnd prepared for p11blic11tion. Routine tests for pro
teolytic enzymes have been abandolled because no 
satisfactory testing arrangements could bo ruade. 
Oertain local species of such families as the Euphor
•biaceae Mornceae, and .A.pocyllaceae 1rnvo been found 
to hav; str011gly proteolytic enzymes. 

Snl.,1:1ta ncm1 t!urived frum tl,e sur vey co11tiuu~ _to ?e 
exulniHod fo1· tho posslJtsiua of anti-m_itotic a~t1vity 1!1 
c,Jnuexio,1 with the scarel1 for materials havrng anti
tu1uour µ roportios. nu<l suustHnces -~O sel ected ate 
forwarded to the SltHw K ettering I11st1~ute foi• Cancei• 
Resenrch, New York, for testing ns _a11t1-cancer age:3-ts. 
Unfor tw1atel_y no po~itivc rosults w1tl1 1·hn~C' nrnterials 
hnte yet been obtained. . . . . . 

As pal't of the survey much rnf?1'~1at10~1 1s be1~g 
accut11 ulated w ith r espect to tl1e van_ation.s 111 alkal?id 
type and nmotint in certain local species, th_e correlat10J1 
of the chemistry aild tu xonomy of sp_ec1os, and the 
ecology of the a reas, partiw lal'ly the 1·a111-forest areas, 
covered. 

(/.,) Ovi11m Fo7Jfl.lJ ( .Pap~wer somnifcrum) .-:-It was 
reported b E t year Lliat l11e progra,nm1e . of sclectmg ll:nd 
breeding varieties which g,lYe a high yield of morphrne 
and were suited to 1\ 11~1 ra lian conditions of cultivation 
had been completed . Dming the past year bulk seed 
supplies of seven of tho impro\'Cd types ha ire been b_uilt 
up . . It is proposed to hold these seed stocks agamst 
possible r equirements in the future. 

( c) Dubois·ici B J>1J ,- 'l'he work of asse.ssing the rela
ti rc Yaluc of previously selocted strains of the native 
~pecies Dnboisia mvoporoides and Dwuoisiri leichhardtii 
und natural :t11d artificial h,ybl'ids bctwecu tliese two 
specie.s as somce., of atropine and hyoscine under cul
tivation has lieeu continne<l. Progress has been 
lrnrnpered by the necessity of further improving the 
1ncthod~ of chemical assay to permit Ul.Ol'C rapid and 
quantitative detenniJiatious of the alka1oicl content of 
sa mples. Durinp; the ye,1r the column chromatography 
method h:1s been developed to a stage satisfactory for 
the reuornme11ee.me11t of the as,;ay of experimental 
material. 

It has been shown that certain of the seven strains 
of northern-type D. ·1nyoporoides which have been 
C'l'itically cxamiued yield h_yosci.ne in greater amount 
and more cousistcntly than the others. Fur ther sel~c
tions from the area uf occui-rence whence these supenor 
sh-a.ins ll'ere deriYed haYe been made. It is anticipated 
that a t least folll' high-yielding hyoscine-beariug clones 
.,f diw1•sp vegetative t,ype will be ob~ained from this 
work. 

C'onsidernblc va1·ia tio11 i II vegeta ti l'l' characters is 
11 pparent between the clones of tho southern-type, 
hyosrya1uine-yielding Du1Jnii;ia 1nyoporoides. Some 
arc ,err vin·orous and heaYily lea,1ed. Further 
evaluati~n of°these types and the clones of Duboisia 
lefrhlwrcltii r:mnot be made until chemical analyses are 
completed. 

.I,,_ lnro-e block of Fl plants of crosses D. myoporoides 
- 0 • • 

and D. leichhardW was pl:mtcd in 1949 ·with typical 
JJ. leicltl1anllii and D. myoporoides plants for com
parison. The hybrids made muC"h better growth than 
either purent species and rrgrowth after pruning in 
October 1950, ll'Us also more Yigorous in the hybrids. ' . . Cloll(J,; of a numbe1· of tbc more vegetatively attractive 
11at11ral hybrids. several FJ plants of northern JJ. 
,nyoporoicles a11d D. leichlwrdtii, and tho F l of a 
snspected C'l'Oss bctll'cou southern D. m,yoporoides and 
D. lei('/,/,ardf i i have bC'en set out in randomized blocks 
for comparison. The F2 of tl1(• northern D. myo
poroides and JJ. l eic/1l,or1llii cros8 has procluced trees 
1d1ich arc vegetatively outst:rnding. Information with 
rcsp<:ct to tlJe :i lkaloid~ of thi,- ma terial is 110t yet 
n\·ailable. 

7. Ton.-1.oco. 
Expe rimental work was continued in the Ayr, Queens

land, district. in association with the Queensland 
Department of Agriculture and Stock. The progratilme 
~:·n,; se\·orcly affected by unseasonal rains and wind 
rlul'i11g N 0rnrnbor and the plots at Clare had to be 
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abandoned. ~\ ccordi11g to Ayi- rncords a similar or 
higher rninfall during Nov<'rnbor has occurred on only 
t,vo occ:isions o,·er a period of 6-1 years. The plots 
established in so11 tl1cm Qnconslnnd for the study of 
vnriotal clrnrnotNi8tic·R 1r<'n' n lso destroyed by storm 
rnins 1111cl ,\'ind~. 

The Tl1irtco11t.h Conferc,m1e of Commonwealth and 
Stnto TohM·C'O Tec.:l111irnl Offi,·c1·s was hold a t Ayr at 
tho end of ~ovomber. Reports on tbe expcrimontnl 
work in progress thro11p;liont .\m, tralia and_ on resultR 
obtained wr1·p s11h111ittP1l a1HI <·rap~ and experiment plots 
in the district inspected. 11ajor topics discussed wel'e 
disca,rs, in~rct prsts, inignt,i011, soil fertility, and possi
hil i tics for i11crcased prndnction. 

(a) frt·i.<Jul,i,m.-At Ula1·c1, the results of the two 
prei·ious sea~on,;' inn,st.igations on water requirements 
of tobacco ,:holl'ecl that ,yir1d a11<l quality were main
tainccl o,·er a rolnh·ely wide range of treatments. Witl1 
11dcq11atc soil moistu re it appeared tlrnt other factors 
s11d1 as quant.lty of uitrogon a \la ilable for growth aucl 
tho numbrr of plants pN unit :non were of part,icn1ar 
import:rnC"c. Arcorcli11gly tho effect of three lovols of 
nitro~on :rn<l thrre l'ntrs of plnnting on quality was 
:nvcstigatrd. ))ifforoncr.$ in g1·owth were apparent but 
the clostl'uctio11 of tl1n plots j ust before harvest prr
cluclcd the possihil it,v of ohtnin ing substantive data. 
Tim 0.xperi11wnt will b" 1°<'pM1trd in t,hr coming season . 

( b) (,' enei irs.-Tti,, ~tndy of vn l'irt-a 1 cll[I racteristics 
11nclrrh1ken at Cla rr clnring 194.'l :111d 194!1 wa!- con
tinned at Ing-101\'ootl in s011thcrn Qnec11sland, wherr 
ten v:nict,ics 11·cr<' establi~licd in replicated plots. 
8e11~<>n111 ronditiom were ,·cry unfo rora b1c and the plots 
we1·e wn!<hcd ou t, b_,. rains and wind storms. At .Ayr. 
the brrcdinp; progrnmmc for mosaic resistance w11~ 
continu(ld nnd rMistant lines of flue-cured tobaccos 
from tl1c Unitrd States of America ll'Cre also tested. 

(c) l)iscases.-Unckr g-ree:uhouse conditions trans
n1issions of ycllo1r dwnrf :111cl hi~ bud virnsrs of tobacco 
by grafting were obtained more reaclily in summer than 
in winter. NcYertheless the percentage of successful 
transmission5 ,ms l'Clati\'cly 1ml'. As tho insect vector 
is c,·cn morr nnrcliahlc, furthc1· attention is being given 
to altcrnativr host plants: partif'11hrl,\' of the ,vellow 
dwarf virus, to determine relative susceptibility to 
infection. Proliminary results indicate that wide dif
ferences in tlw tinw int.crrnl bet.ween grafting and 
appe11 rancc of ~,rmptoms occur between different species 
of Nicofiuna. This factor is bci11g used as an indicator 
of rcl atil'r susceptih_ilit? and very susceptible species 
can be "xprcted to give more rclinble resn1ts in expcri
mo11t work whilP res:stan t sprcies 111ay be usefnl in the 
tlrvelopmcnt of l'esistant commercial types. F urther 
attempt~ to t1·ansmit yello\\' dwarf by rlodder have been 
nnsuoccssfnl. T.nvcstip;::itions OH the insect vector, its 
feeding hnbits, and its ability to transmit the Yirus 
nndor different conditiorn: arc• being con tinned bv 
officers of thr Di-vision of Rntornology (see Cbapt~r 
TX .. Section 10). 

( d) Ohc111 isf.ry.-T m·rstip;a1".icn1~ ha ,1' sho,rn tlrn I. 
factors conducive to loss of sugars mid allied compounds 
in flue-rnred tobacco result in poor-qna1ity leaf. Sugar 
contents of the order of 0-5 per cent. occur in low
<]Hality, ''trashy" leaf compared wi th 30 per cent. or 
more in good lraf. Valnrs aJ"e high for total nitrogen. 
protein nitrogen, and ammonia nitrogen and low fo{· 
11111ido nitrogen in t l'ash;v lrnf. W eigbt per unit area 
i~ 30-50 pel' ce11t. l ess than good leaf. As similar results 
n re obt.:dnerl with 1·ipe, uncured leaf dried at 11 hicrb 
temporntn1·0 immediately after barvestinl? curi~cr 'bl ~, t-method s nre not respo11s1 e for the occurrence of 
trashine;;::. Tt is dnc to t.ho conditions under which 
t,Jrn plllnts n1•0 grown, Nitrogen Ruµply, temperature. 
and amount of ilUnRhinc appoar to be most important 
foctors. With hig:11 11itrogen. high temperature, n.ncl 

low sunlight, carbohydrates, essential oils, polyphenols, 
and yellow pigmeut.s are degraded and used up by the 
plant. 

Tho degree to wl1ich small changei, in sugar content 
rnn be measured is nndor investigatioi1. E stimations 
t•n a routinr basis can he mado on plant samples con
rnining 50 mg. of sugar while samples containing 1 :ing. 
01• Joas cm1 br• (IStimated by colol'imetl'io methods. 

(e) Other lnl'list1:gaf.ions.-At Katherine, Northern 
Tc•1Titory, att<rntion \\'as concentra ted on seedling pro
dnrtion, the object being to determine methods by which 
,:ccdlings can bo grown at any time of the year. Soil 
;,tcrilir.ation is essential, as is also an adequate supply 
oi' nitrogen. Provision must be ma.de to avoid loss due 
to hcnv,v storm rains in the wet season and to high 
tPn1pen,tt11·cs during tb<' l atter part of the yoar. Small 
field plots to determine the best period of the year for 
110111morri11 l produotion are being established. 

8. PLAXT PHYSIOLOGY. 

Because of acconrniodation difficul ties rn Canberr a 
L:10 Principal Physiologist has been stationed at 
. \ dcla iclc. The work of the Physiology Section in 
.\dchiidc is cLiefly concrrned with studies of plant 
gro1rtl1 nnd dcrclopment of the related mec;hanisms 
nssneiatcd with such development. :Most economic 
(·rnps produce thrir commercial 1111.rvest (seed or fruit) 
only after flowering, which may be considered the apex 
nf fl pl::int's development. llo\\'cver, other important 
r·rops. e.g. pastures and tobacco, 11re, in the main, at 
tl1cir hr.st \l'hrn held 11 t the Yegctative condition, which 
i,; the inv<'r~e of flowering or reproduction. Thus 
i nforn1ation on t.hc factor~ leading to flower initiation 
rnay ul timately achie;-c considerable significance as an 
11id to C'ontrolling tb:s important process. 

Phy~iological studies in C'11nb"1Ta are concerned 
chieA.r with the growth nnd rlo,elopment of tobacco1 
:111rl tbe inhibition and stimulation of embryonic tissue. 

(a) Photo-pei·iod 8fwli11s.-Two experiments were 
performed to del.ermuw suitable plants for photo-period 
studies. Desirable characteristics are smallness, to 
consm·1·e valuable space in rontrolled environment 
equipment, and a short. life rycle. 

(i) Long-da.J; Planls.-Echimn plantagine11,rr, L. 
(Salvation Jane, Patterson's Curse) was shown to be a 
long-day plant. Under days artificially shortened to 
niHe and a hnlf hours the plant remained vegetative for 
morn than 'J 00 days; under days artificially lengthened 
to nightecn hours the plants produced microscopic 
flowcl' prirnorclia 21 days after sowing. Plants grown 
under ;oho1•t-clay ronditions could be induced to flower 
pr lmordia formation h_y exposure to only six to eight 
long days. .llal!'omin ma,1·il.imci R.Br. (Virginian 
Stock) , which i , a Rmall gai•den annual, similarly 
huh:wed as R long-day plant, but is lflsR cles,rable as 
o.xpe1·imontal material iu that the flowering responses 
nni obsc11rccl b_v low tempe1·atlll'0 conditions. 

(ii) Sho1·f-d11JJ Plan.ls. - .Y anfh,,i,u,n californiwm 
Grce11c (Califo1'llian b11rr) and Xanthiwrn, pungens 
Wnllr. (Noop;oorn burr) remained vngetative when the 
da,ys wero !ll'tificially lengthened to eighteen hours, but 
promptl,v initiqtcd flower primordia. when the days were 
sl1ort·enf'cl to e:igl1t hours. X. p1wgens required six 
exposures to short day, X . calif ornirnm only two. The 
hitter should hA vnlnablr. material for such studies, com
paring- most fayornbly with X . pen?isyl·uanicum, which 
110eds only ono exposure Rnrl in thi~ respect is tbe ino!'t 
~('llsitiH" plant known. 

(b) H ormonc .4.ssay.-Modificat ions to existing 
Msa:r methods have beeu worked ont. I n the A.vena 
rnetl1od grain size has been shown to h ave an effect and 
tlw reasons for it established. 

(c) Effeots of Soil li:loistnre nnd .Drought on the 
Orowlh of Tobncco.- The tobacco-grower hflS long 
flOll!lioerecl that I\ drought ad\rersely affeQts the yield 



and quality of the tobacco leaf. ~he tobacco p~ant, 
however can recover remarkably qmckly from a wilted 
conditio~. The reduction in yield caused by different 
exposures to drought was slight (up to 9 per cent.) as 
compared with the redu_ction_ (up ~o 7~ per cent.) when 
the plants are grown m soil. mamtani:ed at l;vels. of 
moisture below the watcr-holdmg capacity. With high 
i;:oil moistme rate of leaf formation is increased and/or 
onset of the' reproductive phase is delayed and thus 
yield is increased. 

(d) Rale of Aging and Leaf Shave of Tobacco .
There is a definite gradation in the shape and area of 
the individual leaves and the rate of change in the 
shape or area of the successi,·e leaves gives a quanti
tative measure of the rate of aging. Shape, being 
related to maturity of tl1e plant, can be used as an index 
of the stage of development. Thus, the plant breeder 
could determine earliness and lateness quite early in 
the ontogenetic cycle. 

(e ) Stimiilation of Bud Growth and Tobacco Leaf 
Culfore.-Indiv:dual leaves are being cultured and ca11 
be utilized in the studies of leaf expansion and nutri
tional disorders. Such leaves nearly al ways become 
distorted by intcrvcinal areas growing more than the 
vei11al system, whereas expansion dur:ng growth of the 
normal leaf results in a rcasonabl.v :Bat mature leaf. 
These changes nre considered to be associated with 
auxin distribution. 

(f) The Inhibition of B1td Growth in T obacco 
Snclcering.- - Sucker growth has been effectively con
trolled under glasshouse conditions by applying 
synthetic growth regulators to the " topped " plants 
as a substitute for the natural hormone which main
tains the apical dominance in "untapped " plants. 
Some mineral oils of American origin have also given 
promising resnHs 1111,lcr glasshouse conditions. A pre
liminary field trial in Quee11sland was so severely 
damaged by storm and rain that little information was 
obtainable from the surviving plants. It is hoped to 
repeat tbc experiment tl1is coming season. 

(g ) Stinmlalion of Bitd Growth in Wheat-Tillcr
in_q.-The variety Beucubbin bas been sown at Canberra 
to determine the effect of some growth regulators on 
tillering, weight of grain, and yield. 

9. P.\STURN INVESTIGATIONS. 

Most of the Division's wo1·k in this field is carried out 
at the various regional centres, but certain investiga
tions are being undertaken on a co-operative basis with 
State Departments of Agriculture at their Experi
rnen tal Farms and on private properties. Australian 
pastures can broadly be divided into three ecological 
units, an area of Mediterranean climate with a 
c.ominant winter rainfall, au area of more or less 
uniform rainfall, and an area of summer rainfall, and 
for thi!-.! reason experiment stations have been estab
lished in eacl1 ecological zone. 

The investiga tional work can be divided into-
(i) Ecological studies on native pastures, which 

include regiorial sm,eys, grazing manage
ment trials, and regeneration studies. 

(ii) Ecological studies of exotic pastures, including 
the selection and establishment of species 
and their management under natural rain
fall ancl irrigated conditions. 

(iii) Nutrition, including the study of soil 
deficie11ci.cs. 

(iv) Chemistry, including the use of pastures uuder 
land use and ferti lity maintena11ce. 

(v) Genetics, a pbase of the ,,ork which will be 
developed in tbr coming year. 

Of the Australian pastm-e species, which are rela
tively limited iu number, subterranean c1over is the 
most important pastmc legume for grazing because i t 
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has the most wi<lespreaJ distri butioll over_ cli1;1'.1at~s and 
soils. As there are important soil. defic1e~cies rn ~11 
the major pasture areas of Australia, det~1lecl stu~1es 
of the nutritional requirements of this specrns are berng 
continued under field, greenhouse, and laboratory 
conditions. 

Althouo-h a laro-e JJart of the work is concerned b b 

with sheep pastures, the problems of pastm·?., for 
cattle are being given attention particularly rn the 
northern zone of summer rainfall. 

.Attention has been given to the control of weeds by 
chemical methods, espccia]ly mu1tweed, skeleton weed, 
and hoary cress. 

Insect pests of pasture such as cockchafer grubs are 
being studied by the Division of Entomology and this 
work is reported in Chapter IX. 

10. PASTURE Im'EsnGATJONS AT CANDElmA. 

(a) Pasture Plant Sliidies.-At the Dickson Experi
ment Station a trial is in progress to measme the 
producti11e c.:apacity of natural grassland and an im
proved pasture of phalaris and subterranean cloYer in 
terms of li,estock products. On the improved pasture 
for the past fonr years, three times as many sheep have 
been carried and fleece weights have been increased by 
approximately 10 per cent. Accurate records of 
herbage production arc being kept and botanical changes 
in the pastures are recorded and will be correlated 
with rates of st.orking and other !mown envu-onmental 
factors. 

To determine whether production from phalaris can 
be further increased, it is being tested in spaced ro.ws 
of 7 in., 21 in., and 35 in. with subterranean clover, 
and in another trial species haYe been added to the 
mixture to ascertain if extra production can he obtained 
at times when phalnris is normally unproductive. The 
additional species being used arc Bromus coloratus, 
Bromus inennis, Bro1nt1s 111,arginalus, Bromus mollis, 
Pestuca mairei, Poa irid·ifolia, Agropyron cristatum, 
Phalaris arundinacca, and Phalaris aquatita, all of 
which have a different growth rhythm from Phalaris 
ltlberosa. 

From a large number of introduced species of medic, 
selections of those with non-objectionable burrs have 
been made and are being tested at various centres for 
productivity alld ability to build up soil fertility. At 
W agga and Temora, on red-brown soil, varieties 
i}feclicago hi,Spida terebellum and M. hispida reticulata 
have given greater production than ordinary burr medic 
and show little tendency to adhere to the wool of sheep. 
111. trib11loides-173 bas outyielded ordinary commercial 
lines of barr?l medic.. See~ stocks of these superior 
types of medic are bemg bmlt up and made available 
to State organizations for wide-scale testinrr. Investi
gations on Wimmera ryegrass-.subterran~an clover 
pastures J1ave demonstrated the marked increase m 
grass content that follows increasing use of 
superphosphate. 

(b) Soi~ Fertility S~t1~ies.-At the Dickson Experi
!nent Station a tnal 1s m progress to determine the 
mflnence of three types of p_asture, viz., volunteer, 
subterranean clover, and a mixture of phalaris and 
snb~crranea~ clover? on soil fertility after varying 
p~riods of time rnngmg from two to eight years. As it 
will he n~cessary to repeat the trial at least twice, £nal 
results will not be available until 1964. 

~ rial~ are i1~ progress to study the processes by 
which nitrogen 1s retnmed to the pastures both directly 
from the decay of vegetative tissue and indirectly 
through the animal in the form of excreta. 

(c) Plant _ ~rutrilion lnvestigations.-Further work 
on the nutrition of pasture plants on the Southern 
Tablelands of New South Wales is in progress. 
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Studies to exam ine the residual effect of phosphorus 
on sown pasture have been continued. The first cy~le 
of the .field trials commenced in 1946 was completed m 
1949. These trials are being maintained for a further 
four years. Current data support the r~sults of . the 
-first cycle iu that the total yield of pasture 1s determmed 
by the total amount of superphosphate applied in the 
period. Further work with phosphorus includes a 
study of the phosphorus requirements of plants grown 
on soils of differing nitrogen status. 

A previous report suggested that sulphur as well as 
phosphon1s, both major constituents of superphosphate, 
are required in corn bi nation for normal plant growth on 
soils of the Southern Tablelands. Current work has 
sho.wn that a response b_y plants to dressings. of sulphur 
alone can occur in the field. Work is now m progress 
to determine both the local intensity and the geo
graphical extent of deficiencies of sulphur and 
phosphorus. 

Marked responses to molybdenum dressings still 
occur where levels of only 2 oz. of molybdenum trioxide 
per acre were applied in 1046. Further nutritional 
studies with molybdenum are in progress. In par
ticulai·, the effect of artificial fertilizers on molybdennm 
nptn kc by plants i~ being studied. 

During lfi::il the Agrostology Section has undertaken 
a co-opera ti 1·e programme of work with the Victorian 
Soldier Settlement Commission and the Victorian 
Department of Agriculture, the aim of which is to 
determine the nutrient requirements of pasture grown 
on grass-tree and forested areas of Heytesbury County, 
Victoria. 

(d) Vegetation ancl Pastm·c Sm·vey.- The mapping 
of the vegetation of a portion of the south-west slopes 
and adjacent plains of New South Wales bas been com
pleted. It hns now been estab1isl1cd that the disclimax 
sava1mah communities i11 the western portion of the 
region have lieen developed from two associations, the 
Acacia pe·11dnla association on the red-brown earths in 
this region and the Afriplex n11.mrnularia association on 
the grey and brown soils of heavy texture. 

Some relationships between the vegetation and the 
pH and water-holding capacity of the soils have been 
determined. Other investigations of soil factors in 
relation to vegetation are being made. 

( e) Toxaemic J amulice l,wesliga.tions.-Co-opera
tive work with the Di1·ision of .Animal Health and 
P roduction has been continued (see Chapter VII., 
Section 15 (b)) . The botanical composition of irri
gated su bterrancan clover pastures at Cobrnm is being 
determined at monthly intervals. 

(f) Pasture Ohem,islrv.-Investigatious are being 
made into factors concerned in the relative distribution 
of subterr:inean clo,er (T1·ifolium snbterraneiim) and 
l,f eclicago species which appear to be governed in some 
way by soil pH. Earlier expectations t,hat this may be 
governed by phosphate availabilit_y have been proved 
unlikely. Experiments are being made to determine 
whether the calcium carbonate content of the soil is 
the dominant factor. 

A detailed examiirntion of the copper, manganese, 
molybdenum, and zinc content of oats in relation to soil 
type and stage of growth in a pot-culture experiment 
shows that the concentrations within the plant vary 
according to the availability of the elements but the 
general pattem of distribution of t.he elements within 
the plant is unaffected by soil type. 

A method lrn s been developed for the rapid deter
mination of sulphur in plant material. This method 
involves the digestion of the snrnple with a mixture of 
concentrated hydrochloric and nitric acids and a small 
amount of sodi11111 cLI01·ide in the presence of selenious 

acid as a catalyst. After boiling with dilute hydro
chloric acid to prm·ent interference from selenic acid 
and :filtration the sulphur is estimated turbidimetrically 
as barium sulphate. 

11. PASTUR,E lNVERTTnATIONS ,\T TnANGIE, N'Ew SouTH 
WALES. 

The Organization's new· 'Mitchell Laboratory at the 
Tr:mgie Experiment Farm wa s officially opened on 23rd 
:May, 1051, and its facilities will be of great assistance 
in the conduct of tho co-operative grazing trial. At 
tl1is eentre, although some attention is being given 
to the introduction of better pasture species, most of 
the inYcstigational work centres upon the study of 
native pastures. 

Six hundred and eighty square miles have been sur
veyed and classified into types, and information on 
past management bas been gathered so that reasons for 
certain changes in botanical composition can be 
advanced. Stages in degeneration on the several soil 
types with increasing intensity of stocking can be 
recognized. As the rate increases, Liverpool P lains 
grass ( Stipa arist-i{!lmni-'>) gi,e~ way to fairy grass 
(811orobol1is caroli) and corkscrew grass (Sliva 
sclacea), and finally the pastures become dominated by 
windmill grass (Ohl01·is truncata) . 

Tl1c deterioration to a stage of 8tipa-Ohloris truncata 
codominnnre that is evident in many places can now be 
positirnly conelated with n mean rate of stocking of 
one sheep per acre for the past 20-30 years. 

Certain areas lrnxe been fenced off from stock and 
details are being gathered on the nature and rate of 
regeneration in orde,- to determine the most economical 
method of restorinp: degenerated native grassland. 

TJie grazing trial on pasture typical of about 350 
square miles of light land in the Trangie area which is 
being r>onducted in conjunction with the N cw South 
W r, les Department of .Agricultnre is now in its fourth 
year. The objects of this trial are to determine 
appropriate rates of stocking and methods of grazing 
mnnngement to maintain a good admixture of aunul!l 
and perennial grasses in the s"·ard, and to obtain 
fundamental information on meat and wool production 
1mdcr known conditions of grazing on this type of 
pasturage. 

Despite the general iro pro,·croent that lias occurred 
ns a result of good seasonal conditions, the basal cove!' 
of the perennial soecies is becoming relatively greater 
at the lower rate of stocking (one sheep to twC1 acres), 
indicating that useful information will be forthcoming 
from the tria.l in regard to rate of stocking. 

The excessive rain which occuned last year disclosed 
that Sti71a sp1). were more sensitive to flooding than 
some of the other native grnsses and necessitated certain 
<·h:inp:es in the layout of the experimental area. 

l 2. PASTl' HE INVESTIGATIONS AT DENILIQUIN, NEW 
SouTJ.r WALES. 

(a) N citii·e P ast-ure S tudies.-Further excursions 
towards the Atriplex vesicaria association have been 
made and 2.J.,000 acres of pastw-es have been mapped. 
Pastures are being de-fined and changes brought about 
by different systems of grazing management are being 
observed. 

The grazing trial on native pastures has been con
tinued. Owing to very heavy rains in the first half of 
the year annual species were prolific but seeding 
occurred at the same time as in the 1949-50 season. 
The growing period of the perennial was not extended. 

Probably owing to competition from annuals the 
nnmber of perennial grass seedlings was much iower 
than in the previous yenr. It bas been observed in two 
sel'l~ons that _the survivi;l of perelll:ial grass seedlings 
vanes accordmg to species and the mteraction between 
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species and grazing intensity. The data for survival 
of more mature plants do not yet indicate any signifi
cant change due to these factors. 

The total basal cover has been reduced on the 
ungrazed and heavily grazed treatments and has in
creased under the medium stocking rate. The basal 
cover of Da.nthonia semiann1ilaris, Stipa falcata, and 
Chloris trnncata has been reduced on the ungrazed and 
on the heavy grazing treatments. Sporobobus carol·i 
has not been affected i11 basal cover by the treatments. 

The amount of green material available for grazing 
is at a maximum in October and a minimum in 
January. The highest yield of green forage is obtained 
in the ligbt and medium gr11zing treatments. There is 
a trend, with heavy grazi11g treatment, towards higher 
yields of certai 11 annual species, particulnrly Oalo
cephal.us sonderi (poverty weed). 

The seasonal weight variation in the sheep flock 
bas been small, and the mean body weight tl1is season 
has been higher than last. 

(b ) Introduced Plant Species and Strain Trials.
( i) On Red-brown Ea,rth of Coarse 7'ext11re.-High 
yields were obtained under J ry1and conditions in 
J 950 because of the ea rly break and long effectivr 
rainfall period of ten months. Lucerne, 111edicago 
tribulo·ides, and Bacchus Marsh subterranean clover 
ontyiclded otbe1· legumes in a !'OW trial on levee soil. 
Plialciris h1be1·osa, Eh1-harta cnlyci11a, and Agropyron 
obi1isi11srnlmn were the most, productive grasses. 

Under summer irrigation seed yields of 1,200 J,b./acre 
were given by guar (Gyamopsis tefragonnloba) grown 
at. a 7-in. row spacing, compared with 500 lb./ acr,, 
at a 20-in. row spacing. WimmC'ra r;yegl'ass was by for 
t he most productive grass to he grown in 11ssociatio11 
with subterranean c-1ove1· nuder supplemental autumn 
and spring inigatio11. Pl/(/loris tuberosa, fr'esturo 
prafensis, and Ji'csfoca elatior may be of nse in extend
ing the length of the g rowing sea.son. Subterranean 
clover was the most pl'oductive legume to be grown in 
association with Wimmera ryegrass. Clare am! 
Bacchus :Marsh strains were ten times more productive 
than Dwalganup and th1·ee times more producti,·e than 
Mount Barke!'. In 11 summer irrigated sward trial 
Hunter R iver lncerne and Ladino white clover were the 
l)est legumes. 

( ii) On C'rrey Soil of .lle·avy Text-nre.-Forage and 
green manure species to show promise in a ro"· trial 
nn<lcr summer irrigation 0 11 bea ~-y soil 1rnve hccn 
Penni.setw,n pm·zmreum., P. glanc11111,. 801·gl1111n a/11111111 . 
l'anicmn coloratiwn, Gnjan11s spp., Re.~brt;nio spp., and 
Y,igna nngnic11lafx1. 'l'rifoliurn fra_qifcr11m and Pnspo
lnm clilcdafo.111 are the most promising 1'C'C'ognizPrl 
perennials. 

(.c) Irrigated Past·u.re St11d-ies.-(i ) fiJstab/.i-i;lnnent . 
-Low brairding percentages of small-seeded pasture 
spec~e:< a:·e commonly recorded on the heavy-textured, 
reachly-dispersed, plains soil. .Surface sowing increased 
the brairding percentage by 25 per C'e11t. of that 
obtained from sowing at a shallow depth. 

The establishmen t and sur vival of Phnlari.~ tnberosa 
in it_s first year was studied 11t three density levels 
~-~ngrng from lO to 50 pl ants per yard of drill row. 
Till~r 11umbel' was halved by a fivefold increase in 
den?1ty ._ Percentage mor tality occurring from spring 
until mid summer was gren.ter at hi,,.h than at low or 
medium density. · :-, 

(ii) li'ertilizei· '.1'1-ials.- Blood manure, sodium 
nitr ate, and ammonium. snlphnte lrnd no effort on the 
yield of subterra11ean clover o-rown alone bnt all 
~ncrensed the yield of Wirnmer a '"\-yegrass alo;1e. Yield 
rncreasecl wi th i.ncreasinp; rate.s of application of eac11 
fertilizer. Blood mannrc at 6 cwt./acre clonbled the 
y ield of ryegrass, am111oni um sulpha te and sodium 
nit.rate increased it by three to four times. A diffusion 

extract from ryegrass contained less phosphate on _pl_ots 
r eceiving ammonium s ulphate than on plots_ receiving 
other nitrogenous ferti lizer.- or no nitrogenous 
fertilize r. 

S nperphosphnte caused a p rogressive increase in the 
_yield of pasture when applied in amom1ts ranging ~rom 
11il to 4 cwt./acre. Tl](' increase was almost entirely 
due to the subten ancan clover component. The phos
phnte content of a diffusion extract from both species 
was increased on the plots r eceiving superphosphate. 

S laked lime at J ton/acre m ixed with superphosphate 
!lccrrnsecl tbe yield of :;u bterranean clover compared 
11·i tli its yield on plots receiv·ing superphosphate alone. 
.\ diffnsion extra.rt from clover on plots receiving slaked 
I irn<" teJ1decl to ro11 t11 in less phosphate than that from 
other plots. 

(iii) Soil Struc/nre and Root C'rowth Stud·ies.
Qnantitative data on root growth showed that the 
dry 11·eight of roots found from 0 to 18 in. after th.rce 
_l"C'ar,' growth of peren11ial pastures ranged from 8 to 
I+ tons/ael'e. From one-half to three-quarters 0£ this 
:1mo11n t occurred in the sur face 3 in. Total herbage 
yields over the two years previous to sampling ranger] 
fro111 0.4 to 0.D of tlw root weights found . 

.\n experiment is in progress to determine the effects 
pf a r ice crop g rown with and 11·itbont g;ypsnm on the 
propertie,, of a clay soil and on subsrqncn t pasture 
g rowth. Gyp~nm at 2 and at tons/ ar1·e increased 
tl1e brairding of the rrop by 50 per cent. The h igher 
density of plants on ~yps11111 plots persisted to maturity, 
hut total yields ll"err not inc>reased in the same ratio 
as densities becau~e of a com.pen sat.or;;· decline in dry 
weigh t pflr p lant. Gypsum increa.,ed thr depth of 
11·nter pe1wtrnti011 and clrrrem:ecl the appn1•pnt den.sity 
nf tbe soil unrler crop. 

( cl) lrri_qol inn rmd !,oils ~turlies.-( i) / nfi/.11-ation. 
- Thr metbod o f rxp res~i,rn of infiltration i11tn soil has 
rN·rived inc-reasinp; attention i11 rec·Pnt _years. Rate 
of entry of ll"ater iutn ~ni.l is greatest at the beginning 
of 1111 application . nnrl dPcreascs "·ith time, tending 
to"'a1·d"' a constant. rnlur. 'J'he infiltration of the first 
few inrhes of water is important in il'rigation practice 
wi th p nstmes. This "initial" infiltration rate is 
a-ffeeted by moistnrc co11tent of the soil at the t ime, and 
r xpcriincnt~ ll"ere rondncted to obtain the relntionship 
hnhrnen antecerlent soil moisture and "initial " in:fil
tratio11. The rcg1·e!-sio11 equations 1rhicb have been 
de1·i,·ed have been usrd for correcting infiltration 
measurement-; from various treatments on a soil type, 
;11ljustinp; thrrn to the moan soil moistme level. 

( ii) Permnnen/ Willing Point.-'J'he method of 
\ r rihmeyer nnd Hend rickson, using- sun.flowers as an 
ind ic·ntor plant., has proved unsatisfactory £or some 
fine-textured Riverina soils. Experiments have been 
111ade with the rnet.l1oc1 of Breazeal and McGeorge, u sing 
soil in p;]a.0 s tubes sun·o1111ding stem;; of tomato pl ants 
to cfr, r r lop r.chentit.ious roots. 

( iii) frrigalion Hydr<uilics.- Some prrliminary 
tri11ls were made with the water measuring unit 
designed and cowtrnetecl for determining the relation
;:;hip betwemi flow, slope infiltration, aud ground cover 
when irriga ting pnstm C's by hordeT-check irrigation. 
l3y ma intaining the fartorn of slope, width of bay, 
and ground cove1· c-011sta11t dur ing Vf'lrions flows and 
Inking data. of 0011", infil tn1tion, and water clepth at 
fixod refel'rnce poi 11t-1< rllll"ing flow periocl.s ai11I after its 
<·rss11 tio11, a11 approach i;:; heinp; made to thr 1nat-hema
tir11 l relati011 ;:;hip liet,wern t.hese factor;:;. 

(i,·) Crm.~1m1pth,c T'se nf lVnier.- Followino- the 
Jll'P»ei:tation of data <luring last ~eai:on, more pi·ecise 
samp1111g- mid wAt.e1· me11surcment 1·ec>ording- nrc heinir 
11nde1·tn hrn to ohta in di ffc rences fol' soil nnrl t,vpe.• of 
pastures. 



( e) Ohe1nical Studies.- W 01·k has been intensified 
on the determination of ch011gos iu total soluble salts, 
chloride and plI resulting from the irrigation of a 
number' of types of pastures on the two major soils 
of the field station, and fnrtho r observations lrnvo been 
made on the degrPe of @oil dispersion resulting from 
irrigation. 

Further studies on irrig·a tion water quality show that 
there is little variation i11 ('Ondnetivity an<l salt content 
ns the irl'igation season ndnrnc_os. The inig_ation water 
n1ny contain 50 p.p.m . of colloidal clay, adchng between 
3 and 4 {'Wt. of thi~ material per acre at each irriga
tion. It bas born detrrmine<l tlrnt up to 0.7 per cent. 
of applied phosphate might be removed in drainage 
water from tho first tbrer in·ig-ntion.:; aft.er application . 
Only traces of 11nu11onim11 and nitr~tc-uitrogen were 
found in the drainage w11ter from irngotion bays. 

An i11i tial npproac.:h wn~ 111nde to fractio11 i11g the fixe,l 
and residual phosphate nvnihtble from two soils. 

1:1. P.\ STl' IH: lNVJ•::,TIGATl0.N6 .\T .\Ri'ICJnAU:, 

Nmv SouTll WAr.Es. 
(a) Grazing Jlc11wgcmrnt Sluclies.-ln three cxperi

rnonts on typionl 11 ative pastnro, a study is being made 
of tho effect on tho sheep nnd on the 1~:isturo of different 
rntes of stook iug, continuoull \·or~us rotational grazing. 
uncl $ir.c of flock. These inYestigations are being madc> 
in co-opcrntio11 \\'ith thr Division of ~\ nimal Heal th 
and P1·odnction (soc Chapter VIL, Section 19 (c)) and 
accurate reoords nre bein" maintained in respect of the 
following :-(i) infection· hy internal parasites; (ii) 
wool production : ( iii) live wei~ht, growth, nnd be
haviour of the .~hecp; (iv) yield and botanical com
positi011 of tl10 posture; nnd (Y) <•liomical compo~iti011 
of the pnstm-o. 

The c>xpcrim<'nt.• nrc> 110\\' in their third year, and 
the pastnrr nndr r the hcn\·.r ~rnxing treatment is show
jng n sliµ; litl_y lowrr amount of f·otnl fo l'nge present than 
under tl1e mrdium and light grazing treatments. No 
differences are being recorded in the amount of forage 
present nnder continuo11~ and rotntiona1 grazing. The 
fluctuations in amount or tot~l fornge pre~ent due to 
grnzing treatment~ ancl srason:il conditions appenr to 
hpar no relationship to val'i:i tion-, in sherp bod:v weight 
or wool prod11r tio11 and i t i~ prohn hle thnt, these varia-
1ions arr clue to tl1c yaryinir amonnts of the green forage 
<•ontent of the pasture. Tlie proportion of green forage 
is very s11rnll :rnd with thn techniques employed so 
fnr it lLB not p,•oyr<l po• 0 ible lo rnrn~nrr n<·<•111·11tp]y 
these smn11 :imo11nt~ of grrcn forngc. 

N' o di ffr1·c·11ccs have ,rot been recorded in tho amom1t 
of totnl fornge present under grn?.ing by different sizes 
of flock \\'hrn enrh is )?rnzed at the rate of one sheep 
per ncrr. 

( h) Plant S71cf'icN and Strain 'i'rinls.-Production 
and thr genornl o~ronomic {'harncter;; of a range of 
l)asture qporic!! nrc being C'Omparocl, both in rows and 
in swards. a I tl1r " Chiswick " Field Station, as well ns 
at vnriom: othel' r<'ntres in thr N rw Enp:land region. 

The exreptionnlly \Yet nnd mild \\'inter eondition.q of 
105~ rrs1il te,1 in high prod net.ion h." 11 number of 
.:per1e;,. 

In row trials, Plwlaris. fl'<'sl111·<1. and Dartyl:is species 
and ~tr11ins \\'<'1'<' again very proclnctive, ,vhile Brom.11s 
111er111is strnins :vielded well i11 thr spring. Of the 
lcgnmos, suhtrnnnNrn. reel, whit<'. and rri111.0on clovers 
were outstand ing :i i all c·rntrcs. 1n thr Rward trials 
under intrrmitt~nt comm.on grazing, thr host grasses 
have been thr tall fescues, phalaris, and cocksfoot. 
Ryegrassrs. 1rhic•h wcrr productive initially and then 
d~cl ined, hnvr hr~nn to improve. Tallarook subter
rnnran rlovrr lrns madr rxeellrnt winter nnd spring 
growth, while re<1 clover bas .vielded best in the summer. 
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Whito l'lover hns made good spring llnd summer growth, 
liut lucorne has givon· poor results when sown with 
grasses under sward conditions. 

On "Ohiswick ", in a thrce-~·ears-olcl subterranean 
clover rariet.Y trial, which wa., stocked at the rate 
of five sheep/acre during the winter of 1950, Tallarook 
again set largr quantitie, of seed but was almost 
equalled in. fo1·11g-e prodnction h.v Bncchus Marsh alHI 
Mount Bnrkc1· varictic . . R owe:ver, ut two other centres, 
on granite soils, Tallarook far outyielclcd 'Mount Barker 
in both forage and seed production. 

A species trial sowi11g near Bund1nra in 1040 was 
repeated on other grnnitc soil area.~ at Invere)] and 
nlcn Innes in J!lilO. .\t Bundano, Tnllarnok subter
r:rnenn c-lon•r yielded \\'ell, as did 111s0 phaluris and 
ll'hite clover. Tallarook, r ed, and white clovers did well 
nt Glen J mw,q but an nnlmown soil deficiencv rauscd 
a partial failnrr at Jnverell. · 

During 1D50 very high stoe;ki11g ro tcs were obtained 
011 some pastures 011 "Ohi:<wirk ". A three-years-old 
~tand of plialari.,-white cloYer carried 9.8 sheep/acre 
from the 4th July to 11th X orember. 1 tali an ryegrass 
with crimson und rrd rlovrr~ ranied ,c;,8 sheep/acre 
for the some period. 

( c) Perlilizer Trifll,~.-A phalaris, reel clover, and 
subtcl'l'nncan clo\'er pnstnrc treated with superphos
phate annually at varying rates of from Oto 2 C'Wt./acre 
has ijbow11 marked rcsponse.s to thr fertilizer, especially 
b_y tho clover, which ~n re a fourfold inC'rease in yield 
from applications of :2 C\\'t./acro compared with n il. 

.\t Buudarra, the prodncti\·ity of Jegnmes was from 
t e11 to fourteen times greater with ~ cwt. ,mperphos
phate per aci·c than with no fertilizer a11d similar large 
tlifl'erc11n•;: \':e:·c recorded at Glen l1111cl'. Snperphos
pbate also effectcrl a hi~h degrre of weed control. 

On a phalaris-whito cloYer pasture on a basaltic clay 
soil which had previously reoci\'ecl 2 cwt. superphos
phate per a<·rc for three ronsecutive years and had been 
heavily stocked, a furtli<' r ap1Jlication of 2 cwt./acre 
in the fourth year resulted in an impro\·ement in growth 
ccmpar(.'d \\'ith the pasture which had recei\·ed only 
G owt. 

Sevorul experiments on the granite soils, e:ommenced 
in 19.30, ga,·e strong r\·ide11c1: of plant nutrient 
rlcfioir11oirs on these pal'tic·ular soils. 

fn an C'XJ)Crimont rPpor ted previously tho yield of 
do\·er in a sown pastnre of phalaris, subterranean 
c•lo,·cr, and red clo\·er wa~ reduced from 26.8 to 16.7 
uwt .. /acrc when the soil pH was reduced from 6.1 to 
~,.a \\'ith a sulphm application. It was found that at 
tlw lm\'('r soil pH applicat:ons of mol_ybd<'num resulted 
i II au i11c; rposP in the yic,Jd of clore1· from 12.0 C\\'t./acre 
1rithout molybd<.'num to lll.1 C\Yt../ acre with a11 appliea-
1ion of-! oz. ;;odinm molybdatc, madr eighteen months 
prHiously. 

(rl) '111pro1•cment of Natural Pastm·es.-Tbe second 
,\'rar', results of the exporiments to test the cffecti-reness 
of cliiforen t nwthods of sowing clove1•s into natural 
pnst.nrr s110\\'ed a marlcod inoroase in yield of clover 
aft<'r SO\ri11g \\'itli a <'ombine. compa1·cd with broadcast 
nud disk-drill i:o\\'ings. The use of supcrphosphate at 
:,', rwt./ nrr<' appl ied as n t.op-drc~sing in the autumn of 
the seron<I year resulted in up to a tenfold increase in 
thr yield of white and subterrnnean clovers iu the early 
s 11111m <' r of tl1 c sccon d yoar. 

Pelleted subt01Tonc011 clover seed used as an aid to 
<·lovl'r esta hJii,liment without ploughing, in dense native 
paRh11·0, has proved to be no more effective than 
nnpelletrcl ~oed. Likewiso thresl1ed subterranean clover 
~ocd ~ave better ostablisl1ment than unthresbed seed 
\\'hl'n sown into dense natiYe pasture. 

(o) Rtologicnl Bur1Jay.-A survey with the ultimato 
ohjcet of p1·0,·iding an assessment of tlrn best potential 
land use of rho New E11gland region of New South 



Wales has begun. The soils, 11atural vegetation, 
geology, physiogra~hy, and climate, a1:d the if!-tenela
tionships of each with t.he other, are being stuched. 

14. PASTURE lN\"ESTIOA'l'IONS IN WESTERN AUSTRALIA. 

(a) Grazing 111ar,,a,gement 1'ria~.- A trii_il was com~ 
wenced in May, 1949, to deterrrune the rnfluence of 
grazino- mana"ement on the botanical composition of a 

"' o B . ) 1·Vimmera rye simd brome grass ( 1·om11s arenanvs 
suhtcnauc11n clo,cr pasture and on livestock produc
tion. It involves a comparison of continuous and 
autumn-deferred grazing wi.th M erino wether sheep. 

:Following the excellent opening rains in early May, 
1950, the sl1C'Cp on t!Jc continnons treatme~1t gained 
rapidly in body weight and by the third week m August 
bad a lmost rnadc up the initial lag from last year's 
clifforen tial grazing. . 

Body weights in the two treatments ll'ere prac~1cally 
eq ual un til the end of January, 1951, when1 as m the 
previous year, the "continuous" group declined foster 
t.han tl1c "deferred". 

Over the twelve-month period the sheep were main
taincrl sntisfactor ily at a stocking rnh\ of 2.67 sheep 
per acre on both t reatments. 

Under conti11uons grazing WimmerA. ryegrass and 
capeweerl h0cnrne more prominent and the amount of 
Bro11111.~ _r;11ssonii dccrcas0d hnt t.he pastures under both 
systems of o-razing rprniiin snbtenanean cloYer 
domina11t. ,... ~ 

(b) Species ond Strain Jnvestigations.-(i) PhalariN 
tubei·osa.- In 1049 this species was sown both in the 
autumn and in tbe spring at various row spacings to 
determine pl'OdnC'tidty nncl per,:i~te1we at t he Glen 
LossiC' FiC'ld St.ation, Rojonup. 

R e,;11l t~ obta i110cl so fa r inclic·:itc that the sl ight reduc
riou in pc:>r ~i~te1ncy 11':th close spnc·ing (7-in. rows) is 
more t.han rompC'n~ated h.v the inrn•ased yield per acrr 
obtained. 

(ii) S11bl!!rrn11rc111 Olorer.-A large number of 
strains is being cultfrated as si11glc plants in spaced 
rows to enable those most suited to the environment to 
b0 selected for testing under swnrd conditions. In J 950 
a sward trial of the most promising ones was established 
:i t Rojonnp and i t was of interest to note that al though 
the performance during the :fir st year was gene.rally 
good, marked difform1ees in re-e~tablishment were 
evident t.be following autumn. 

One of t l1e m ost promising to date is the "early 
mid-~cason" strain from Victoria known ns "Port 
Fairy " . 

(iii) Oereols.- Early whcnts gave higher grain 
yields than mid-senson varieties at Rojonup in 1950, 
the highest being Gabo, which prodnccd almost 50 
hns./acrc. The most npproprinte timr of sowing is to 
be inveRtigatC'd during 1951. 

S ix rn1·irtieR of oats, i11clnding three introdurtious, 
were 11:::e(l in a g-rnziug tri111 and although winter pro
duction was fairly 11niform, graiu yields from the 
Ballidn and Algerin11 nirieties were high. 

(c) l'lan./ N11!1·i6on 8!11dies.-(i) Pot-c1tlt111·,· 
'.frials.-Jnvestiga t ions on phosphorus to:uc1ty rn 
subterranean elove1· have been continued. The im
portanre of nitrogen supply bas been emphasized in onr 
trial where heavy i noculation increased growth rate 
and :i llm·iated the effectf; of high phosphorus. Both 
mono- and rE-ralcinm phosplrnte caused toxicity at 
levels equivnlcnt t o 4 cwt. snperphosphate per ·acre 
where nitrngen supply was very low; at intermediato 
levels, i.e. with norma I iuorulation, symptoms appearC'd 
only with tho mono-salt; with high nitrogen, a~ 
NnN•O~, no symptoms were observed with either salt . 
Phospborns toxicity has b(l{'n developed in oats, also, 
IVhere nitrogrn and lime nppenr to h ave the same role 
as in clover . 
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(ii) Field Tr ials.- The effect of varyin~ rates of 
potash fertilizer ?n t~e growth_ of three strams of su~
tena11ean clover 1s bemg exammed at P erth. There 1s 
some indication that maximum yields are obtained with 
lower rates in Bacchus Marsh compared with the 
Dwalganup strain. At Rojonup both Dwalganup sub
terrnncan cloYer and capewecd r esponded to sulphur 
appli cation: Further work ~n tbis deficiency will be 
conducted 111 the l!l5J growmg season. Pronounced 
rcsid un I effects on superphosphate occuncd Oil Kojonup 
'"l'R.Yell_y sand. The effects of rnrying rates on the yield 
~ml botaniral cornposit.ion of a clove r pasture are still 
under examination. Only small responses to zinc 
Mr11 1TN1 in the 1950 growing season on tliis soil type. 

( cl) Pasture I nvestigations Relating to lhe Sheep 
inf e1·tilify Problem.- Oo-operative e:>..-periments, involv
ing tl1e bio-assay of subterranean clover by the Di vision 
of Animal H ealth and Production, were continued. 
Neither light intensity nor grazing intensity materially 
affe<>tcd t he potency of the clove1· grown at Rojonup 
duri11g J !150. MoreoYer, it now seems certain that the 
Llccreased potency following high applications of super
phosphate is due to phosphonis, ns neither calcium nor 
rnlphm· mls c:ffectiYe. 

(e) Grazing and Rotation Trial.-This experiment , 
lnc-ated nt W ongan H ills, is a co-operative project with 
the State Department of Agriculture and the University 
of W P~tern Australia. 

Following the three-year pasture phase and the crop
r,ing of the whole experimental area to wheat in 1949, 
the secoml grazing cycle has been commenced. D espite 
some clianges in the botanical composition of the 
several pasture types during the 1!)50 season, the 
genrral trend,: with respect to carrying capacity, sheep 
body weight.s, and wool production were in ag reement 
with those obtained in the first grazing cycle. The 
r·crcal d11ta showed that yields of both grain and hay 
folloll'ing rnlnnteer pasture were better than after oats 
for g razing and that a mixture of Wimmera rye and 
su Merranean clover was more effective in building up 
soil fertility than volunteer past ure. 

15. P,1s1'URE INVESTIGATIONS AT CuNNAlllULLA, 

Q.UEENSLAND. 

(a) Grazing il1anagement Studies.-.An experiment 
comparing the effect of light, medium, and heavy rates 
of stocking of Mitchell grass pasture, under both con
ti 1111011s and rotatioua1 grazing, is now in its tenth year. 
Gn<lcr the influence of four years with above-average 
rninfall, the feed supply of the experimentnl sheep has 
not been limiting, even under the heavy grazing treat
ment, anrl no difference in pasture y ield or live wright 
11ml wool product.ion of the sheep, due to grazing treat
n1C'nt, lrns been recorded. As a r esul t of the abnormal 
~rarnnal condition~ the pastmc has become bluegrass 
(l)ir·hrt nthi111n serir.1mm) dominant and the Mitchell 
g;rnss lias clcclined in vigour. This decline has been 
llttribntcd to the direct effect of competition from the 
bl11rp:rnss because when this species was removed from 
r•;,pcrim,mtal plots, tl1c gro,Yth made by Mitchell grass 
ill the J 9:30-nl s11mmer was 2.34 g./ 10 sq.cm. of basal 
eovf'!'. 1Yhereas on plots from which the bluegrass had 
not hern removed the compRr11 ble figure was 1.57 
p;./ 10 sq.cm. 

(b) Past11re .Regeneration Sfodies.-These a re con
tin uiug although there have been no fresh developments 
~i nC'r th MC' r('cordecl in last yeAr's Re.port. 

I r.. P.\STT'Hl•: T NVERTlOATIONS AT BRISBANE ANO LA\VES, 

QUEENSLAND. 

. ( 11) N ?hl:·a I Posf.t!.res.-.An experiment designed to 
.i?;J1·c basic rnformntion on the natural spear grass 
(Jle/eropogon, contor/us) pastures at Calliope near 
Gladstone commenced in J anunry, 1947 and was com
pleted in .J anuar_y, 1951. Botanical ~TIRlyses of the 
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fol'age have shown that H eteropogori, contort,us consti
tu~cs from 70 to 00 per cent. of the dry matter yield. 
Highest yields recorded were-

Cwt./acrc. 

Spear grns~ 20 
Other grns~e, 2 
'Misccll::111cous s•pecie~ l.S 
Legumes . . 0.3 

In each year the greatest bulk of feed was produced 
following the incidence of cffecti ve rainfall between 
January and April, although early rainfall gave a f~ir 
growth between October and January. Even with 
adequate rainfarI, there \YflS virt ually no gTOwth in the 
winter months. 

Chemical a11alyses show that this spear grass is 
deficient in protein and in phosphorus for a con
siderable part of the year and that pasture legumes are 
needed to improve the quality of the herbage. 

It has been shown that the carrying capacity of these 
native spear gl'ass pastures can be considerably im
pro,ed by introduction of Townsville lucerne 
( /:Jtylosanth es sm1daica), Sty lo ( Stylosanthes grac·ilis), 
and Plia.seol?,s lathyroicles, and that such improved 
pastures respo11d quite well to superphosphate. The 
introduction of these grazing legumes can be readily 
achieved at no great cost by slll'faCP sowing without 
destroying the natural grass sward. 

(b) lnl?·oducecl Pasl-ures.-The most prom1srng 
grassl's to date are Rhodes (Chloris goyrl'lla) ancl 
serobic (Paspalmn scrobiculritu m), and various trials 
are in progress to determine the most effective cultural 
treatments for olJtaining maximum production from 
these grasses and snita blc asrnciated legumes. 

(i) Row-culli·Paled Paslnres.-During the past two 
_vears, experiments 1vith sO\m pastures have yielder! 
some conclusive data on the hitherto elusive comparison 
betlrcen rows nn<l swards. Prerious experiments were 
romplir.ated by thl' effects of preferential grazing. I11 

01m case. pastures of P aspalm n scrobic·ulat1int were 
grown on black soil a11Cl grazed only during the winter 
mo11ths; sw:nds gave the lowest production. Relative 
yields were-

Dry Mntt..r Nitrogen 
Rows per Spnclng. (cwt./ nrrc•) ( cwt./ncre.) 

(rnenn ~ or four (mran for two Unit Arcn. 
pnsturcs). pnsturcs). 

Swards .. . . 57 G9 515 
3 -ft. rows .. . . 100 100 100 
4-ft. row~ . . .. 7S 72 .5 7:1 
5-ft . rows .. .. GS 00 60 

With row cult.iYation, yields were in proportion to 
the number of rows per unit arnn, but the yield from 
swards liore no relation to what was essentially a greatly 
u1creased number of 1·ows. Under practical conditions, 
it bas been found that 36-in. spacing is unsuitable for 
cultivation with lar~e implements and spacing of 42 in. 
has been adopt.eel. The ,yield of weeds was highest in 
swards and the percentage 11·eed gr owth was greatly 
reduced by row cultivation. 

In lucerne pastmes, mean nnnuaL yields from swards 
and from rows at 42-in. and 63-in. spacing all tended 
to a common level, since t he yield per unit row length 
decreased in proportion to the number of rows per acre. 
In a sward, the greatest bulk of dry matter was pro
duced in relatiYely short wet periods immediately 
after effective rainfall. In rows, acti11e growth ex
tended over a much longer period of time. The 
<l.ifference in behaviour, as between pastures of lucerne 
and of Paspal11 m scrobic71lalum, has been related to 
corresponding diffc1'0nccs in the supply of available 
soil moisture. 

In another experiment pastures of P . scrobiculafom 
were subjected t.o year-long gr azing, but the spacing 
treatments were separately fenced. It was found that 

under the same intensity of grazing initial di:fferen~es 
in yield, as between rows and swards, tended to dis
appear in tbe second and third years, and that there 
was some improvement in the yield and vigour of plants 
in a sward. It follows that the marked increase in 
1ield hitherto recorded under row cultivations occurs 
~nly under conditions where some essential requirement 
(e.g. water or plant nutrients) is in short supply. 

Over all ~pacing treatments, the total yield of dry 
matte1· from mixed pastm,es of P . scrobiculatum and 
lucerne (whether planted in alternate rows or as a true 
mixture in swards and in rows) was apprec:iably less 
thau that from a pure stand of the grass. The total 
yield from mixed pastures of P. scrobiculatum and the 
annual legume, Phaseolus lathyroicles, greatly exceeded 
that from a pure stand of grass. 

(ii) Rhodes G'f'ass-.-A grazing trial to compare two 
strains of Rhodes grass alone and in association with 
lucerne is continuing. Whilst the grazing on Rhodes 
grnss pastures is considerably better than on natural 
grassland, a further marked improvement can be 
achieved br the introduction of a small quanti ty of 
lncerne. This can be readily established in old stands 
of Rhodes grass with late summer seeding, but attempts 
to introduce this legume into young grass stands in the 
$pri11gtime have not so far been successful. 

( c) Grazin,q J11 anagemen/:.-Experiments so far 
ind irate that the basic pastures should be : (i ) alternate 
rows of scrobic an<l Phaseolus lathyroicles, and (ii) 
lucerne, with areas of special pasturage consisting of 
scrobic and lucerne fo1· lambing ewes and dry sheep and 
Rhodes and luccme for cattle. 

Various trials are in progress to determine how these 
better pasture species should be grazed in order to get 
maximum carrying capacity. 

Roll's of scrobie al'c heing subjected to various rates 
of <lefoliation to determi11e its resistance to heavy 
grazing and its ability to produce herhage under such 
treatments. 

Although a mixed pasture of Rhodes grass and 
lucerne provides good feed in summer, i t has limited 
value in wiuter. 011 the other hand, lucerne provides 
good winter feed under Queensland conditions. 

In order to gain information 011 alternative grazing 
of these two types of pasturage an experiment is in 
progress to measure growth and production in beef 
cattle under two grazing managements, viz., continuous 
grazing on Rhodes/lucerne mixture, and Rhodes/ 
lul'erne for ~ummer and luccrnc on1:r during the winter. 

( d) So·il F'erlilil_y 8 h 1dies.-Oats and sorghums 
grown on areas that lrnYe been under improved pasture 
~how :increased yielrls dne to the build-up of soil 
fertility that lrns oeruncd, indicating further benefits 
in addition to the increased carrying capacity. 

The ability of various types of pasturage to build up 
soil fertility is being assessed in terms of crop yields 
n nd by appropriate ch<'mica l and physical tests. 

( e) Plant Nni.1·il:-ion Sl11dies.-Work on the Darling 
Downs heavy clay soil bas been continued with good 
effects ou plant gro,l"th from heavy applications of 
ammonium sulplrnte and from soi l sterilization by 
stenrn. Smaller mid more variable effects have followed 
the use of minor elements, especially manganese and 
zinc. B;y using different species as test plants and a 
new experimental design, it has been shown that sulphur 
has an impor tant role in relation to plaut growth. 

Plaut nutrition studies using soils from Rosewood 
Clifton, Elimbah, and Redland Bay are in proo-res/ 
Soil-p1a11t cation rela tionships and water cultm; in
Ycstigations have been initiated, but the work has not 
progressed beyond the development of satisfactory 
techniques and procedures. 



(f) Pasture Chemistry-Evaluation of Pasture 
Species.-An estimate of potential food value of pasture 
plap.ts Las been attempted on the basis of chemical 
analyses. It is hopc<l that this work will place the 
selection of species on a much sounder basis. 

In a preliminary survey, a direct comparison 
between 29 grasses was made by recording the 1rnmber 
of harvests yielding approximately 100 lb. of digestible 
protein per ac1·e, with a ratio of digestible starch 
equivalent/digestible protein better than 10: 1. It was 
found that relatively few species, notably Phalari,s 
tuberosct, Paspalmn notalnm, and Paspalnm setaceum., 
wo11ld pass this test. 

The validity of this method for evaluating intro
duced plants is at present bein~ tested by application 
of the technique to grazing trials, wherein the live
weight increments of nnimals are recorded. The 
possible e:ffoct of climatie and soil factors is being 
studied by growing n limited 11umber of species on 
othPr soil types and in difforent climates. 

17. PAS'l'UllE INVES'l'IGA'rJONS A'f .8.YR, QUEENSLAND. 

The Land Research and Regional Survey Section is 
t:o-operating with the Qneeusland Department of Agri
culture m1d Stock in im-estigatious of tropical pasture 
mixtnrcs under irrigatio11 in the Burdekin Valley. 
These investigations incln<le preliminary tr ials of 
pasture grasses and legumes, including selections from 
species not in commercial u;o as well a s some established 
species, and a beef cattle ~razing experiment with five 
p;rass-legnme mixtures. 

Of the species under preliminary examination Pas
palwm strobiculalum, Pimicum maa.--v,nu.m, Melinis 
rn•inuli/lora, and Panicum spp. aif. coloratu.m have 
fhown tl1cmseh-es worth.v of further investigation. The 
legumes P11eroria plwscoloides and Glycine javanica 
hn ve bec-ome well e. ta blished and deserve further trial. 
,ll erlirnq(, saf-ira doc~ 11ot do a s well as the other two 
l<"gnrncs. .ill species ll'hicb have been grazed periodi
cally hn\·e proved relntivel,v palatable except Glycine 
javanica. 

The five pasture mixtures included in the grazing 
oxpel'imont described in tho last Annual R eport have 
now been thoroughly established and given preliminary 
grazings. Regular pasture sampling and experimental 
gra7.ings, which will yield annual live-weight increases, 
for each pasture mixture arc to be commenced in July. 

P1·eparations are being mnde for the commencement 
of an experiment designed to compare the growth 
habits of a wide range of introduced pasture grasses 
under various treatments invoh·ing different periods 
:ind frequencies of cntting. 

18. Wmms INVBSTIGA'l'IONS AND PLANT Tox1coLoGY 
STUDIES. 

( n) EjJec/.s of Plant Growth-reg11lating S1tbstances 
on Perennial Weeds.-Results obtained in previous 
.vear,; indicatcu thllt plunt growth-regulating snbstances 
showed little promise of control of skeleton weed 
( Ohondrill({ j111icea) . In order to ensure that no possi
bili ties of control by this means had been overlooked, 
one trial ]ms been carried into the t.hird year. It 
im·ohes nine formulations nt fou r concentrations, 
applied at various growth stages and frequencies. Only 
tcmpornry control is obtained by any of the treatments. 
Tt appears t.hat there is no prospect of cont rol of estab
li.,hed skeleton weed by this means al one in the Cowra 
clistrict. The experiment is to be discontinued follow
ing a count iu spring. 

The esters of 2,4,5-T und mixtures of esters of 2,4-D 
ai1cl 2,4,5-T were further tested on blackberry (R1ibus 
frnl i'.cosus) . Concentrations of 0.1, 0.15, and 0.2 per 
-cent. were sprayed at 200 gnl./n.cre. No regrowth had 
nppea 1·ed :five mouths nfter sprnying on any of the 
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treatments. It is interesting to note, however, that in 
another experiment spraying with the highest concen
tration (0.2 per cent.) in March was followed by some 
regrowth. The lower concentrations gave complete 
control and no regrowth was found twelve mouths after 
Rpraying. 

.Si°mila.r experiments on sweet brinr (Rosa rubiginosa) 
11si11g 100 gal./acre at strengths from 0.1 to 0.2 per 
cent. gave 2 to 5 per cont. regrowth from below ground 
level. The plots were resprayed four months after the 
original treatment, using half t.J.w quantity of spray. 
The rest_tlts of the resprnying c·1m uot be assessed until 
next sprrng. 

(b) Confrol of Perennial Oras:; Weeds.-At Griffith, 
l\ ew South Wales, investigations of the herbicidal 
properties of oils have been continued. In addition, 
chemical separation of oils was undertaken to provide 
information not otherwise available on the chemical 
composi tion of oils. These oils were tested in the 
g-lasshomo a11d the importance of the boiling point of 
t.he oil ver se in toxicity has been established. 

Oil emulsions fortified with sodium pentachlor
phenato (PCP) lrnvc been tested for use in vario,us 
situations. Further work is n ecessary but this type of 
herbicide is promisiJJg 11s a co11tact herbicide for use 
h, t be control pTogramme for cumbungi (Typha sp.) 
and for 11011-cult.ivatod orchards where straight oil 
would normall, be used. 

Following the prnmising results obtained with the 
suits of ti-ichlorncetic acid (TOA) on Johnson grass 
reporte<1 enrlier, more detailed trials of these compounds 
were un1lert,ake11. Trials were applied to Johnson grass 
( Sorgh11'1_n halevenso ), common reed (Phragmites 
romnwn1s), . and other grass weeds. Unfortunately 
1·esults ohtamed ham been extremely variable and 
rainfall and inigation appear to influence the deo-ree 
of rontrol obtained. Paspnlum (Paspabm, dilatat·~m) 
and some annunl g rasses arc extremely resistant to 
TC.\. Fmther work with this promisin(T ..,.roup of 
l1crbicides is proposed. 0 
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(c) 1lfinlwecd Oonlrol.-I.uvesticrations have beeu 
conti1111ed mai~ly with a view t~ determining the 
factors responsible for the success of the weed in 
competition with economic p lants. Depth of sowino- Las 
a ma,rked effect on the germination of mintweea° the 
deeper the sowing the less the germination. 'This 
,:uggests that controJ of this weed ,rnuld depend 
brgoly on prcventi.ug gcnninntion of Slll'face-horu" 
seed. 

A pot t!'ial 1rns sl1own that mintwecd o-erminates more 
rnpidly than any_ of the selected gras~ species. Pre
<'mer~enc? sprayrnlf with "MethO'xone" 1Jre,,ented 
germ inn t10n of both min tweed :rn<l the crop species 
tested. 

It wns previously found under field conditions that 
spray applications of a_mmouium bisnlpbate stimulated 
the ~row_th of co1~petmg grass species, inbibited the 
gel'll11nat1ou of mmtweed seed, and killed established 
m!ntweP<I plants. This observl'ltion hns been followeJ 
with n p~t exp~ri.meut in wliich mintweed was grown ill 
c•omp_rt.Jt.1011 with selected grasses in the prese11ee of 
c·erf·a 111 sulpl:ates. !t was fo~md that pre-sowing treat
men ts l1_ad h_ttle eHec.t on mrntweed ~errnination, that 
snlphm1c aC1Cl had little e~ec•t on yield of mintwee<l 
~1· /!,Tllss , and ~lrnt ammonium sulplrnte significantly 
1ncreH•ecl the ywlcl of grass but not t.hat of miutweed. 
The resp~nse to ammonium sulpli_atp was significantly 
_!!Teater ,nth ~ .hodes r;rass ((!hlons _qr1ya11a,) thnn with 
li)uc1rra?s (!JLchanth_i111n senc~1~1n) a~1cl in general the 
yield of rnrntweed 111 competition with Rhodes o•i·as~ 
wns Jes;; thnn in com petition with blueo-rass. T]ie"<' 
nbse1:v_atio·ns, ~n nssoei.ation wit)1 result~ from p la;t 
1rntnt1on stuche& on the black soils, suggest that o-iven 
adequate supplies of available ni~rogen _and ~ulpbur. 
~own pnstures won kl romp<'te effert1vely with mrntwecd, 



The possibili ticl:l uf effective 1r1in tweed cout1'ol by 
Cuin:pctition with native pasture plants are beiug 
s~ud1ed, pnrticular uttontiou being given to the collcc
t10-u, dispersal, :!nd germination of the seed. 

(d) '1.'·imber Regrowth Uontrol.-11 ser ies of experi
t1lPHts on factol'S affectillg the germination of 
Eucalyptus le?'elicomis has been delayed pentliug 
tollection of r.ppl'opi-iate seed sa1uples. Studies have 
hern_ co!ltit~ued uu the effectiveness of pheuoxyacetntes 
npph c<l to frilltd ti•t•c,; or cut stumps. No clear 
1liffcrenccs l,ct.weell 2,4-D and 2,4,5-T a t equivalent co11-
1•en trarions Im ,·c btt·ll obserre<l. With 2,4,5-T t!Je 
<:tltyl ester wa3 uo morn effective than the sodium salt. 

( e) ll1istleloc I nuest-igations.-Collabornti ve in ve:i
~i,$'a tiol1s wi th tho Commonwealth .Fo1·estry and 
I1t11ber l3u1·eau have been continued. Good results 
hin·e l,ceu obtained in the control of Loranlhus 
penclztlus by injecting 2,-1-D into the host trnnks. The 
results with 2,4,f>-T have been fair, the results with 
ot_her poisons pou1·. Tbe optimal dose of :d,·.l:-b varic~ 
with s~asou, and possibly with host species nn<l lucal1ty. 
.'\.n ofter made by the Queensland i\Iain Road~ Com
mission to test the 2.4-D treatment in Queensland Jia, 
been accepted. 

(f) Rlec/,1·ical lJiay11osis.-.I!'urtlwr m eusurclllellts 
on potato tub(n•s with and without virus X ha,·e 
t?ll~rmc_d 1111 carlie1· conclusion tl111t it i~ possible to 
d1st1t1gU1sh between healthy and diseased batcl1es un 
the basis 1>f phnsc-augle · measlil'ernents, uud have 
shown that it is po~sible to discrin1innte bctwce11 
batches on the basis of impedance measurements. It 
seems likely that diseriLuination can be made bct\l'Cl'II 
healthy and Y-infected hatches on the basis of pha,1• 
angle. 

A wide-range sinc-wuvc oscillator lwi- bt'Pll 
1•onstructed for furthm· im-estigations. 

(g) Tracer lnce:sligalions.-In order to follow tht 
movement of applied poisons, a chemical sepamtion for 
A.srn, P 3~, aud s»~ is being investigated, ond a numl)er 
of difficulties ha,·c been overcome. 

(h) )law Poisons.-Arrangements havo been mad,· 
for collaborative work \l'itb the TTnirnrsity of Tccl1-
uology, whereby tl1c University synthesizes new 
co11:p_ou nds so that working hypotheses concerning 
toxicity can be checkcd. ,\ number of new poi8ons a1·,, 
under test. 

(i) Morl,i,fica_t,ion by 2,4-D.-Appl~oations of 2,4-D 
to Pa_svalmn d~latnl11J11, dec1·casc lts yield of tlry rn:tttor 
but rno!·easc its percentage protein content. Thie; 
obsel'rnt1011 111ay be of value in pnspalum districts 
where low protr-in content of pastures limits milk 
produrtion. 

I 0. KATHEIUNE R ESEARCH ST.1TION. 

P teriollsl_y known !18 t he Kathel'ine Experiruent 
Station, the name o~ this Station bas recently beeu 
11ltered to the Kathenne R esenrch Station. 

The main investigations by the Land Research aml 
Regiona 1 Survo_y Section at this Statio11 arc beino
c11r ried out 01_1 tho limestone r ed soils of tl1e T ippera1'.Y 
land s,vst<.'111 m an endoa,·our to determine fl.1(• possi
bilities of agricultural development under d rd and 
co11ditio11s. .ldditional work is being conducted ~n thP 
river levee soils where water is a,a ilnblc for the
irrigation of intensively grown crops. 

(a) Soil Fertility Problems on the Limestone Red 
Soils.-(i) li'erlilizer Requirements.-The fortilizer 
requirements of these soi ls have been examined in 
replicated fertilizer trials with a va.riety of crops. 
There is evidence to suggest tlrnt tlie reqnheme!1ts in 
the first yt>ar of cultivation are higher tliau tl1ose in 
subsequt>nt yNn~ or alternatively that there is marked 

l'esidual l:!lfout of fertilizer aud eultivatiou. The virgiu 
Hoi~ r_equires up . to 3 cwt. of superphosphate 1,er acre to 
~a hs~y the lllam cl'ops. Non-leguminous crops also 
1·equ11·c up to 2 cwt. of sulphate of ammonia in orde1' to 
p1_'oduce maximum yields. Initially an annual dressi11g 
of 1{ to 2 cwt. of superphosphate pel' acre for all laud 
uuder cultivation or improved pastures appear,; to IJ1' 
the basis of soil fertility maintenance. .l:'otash t1·oat
ment5 have been included in nil fertilizer trials but as 
yet no response to potash has been obsel'\·od . 

(ii) Oont•inuous 01·opping.- T he effect of con tihuous 
eropping of these soils with both cotton aud peanuts is 
beiug investigated. ltesnlts so far indicate increased 
cotton y ields in the second yearr in each of three 
fertili~er t r eatments (uil, supcrphosphatc, and super-
1->hosphate + potash) . The p1'oportional increase 
in the fertilized plots is slightly greater than in the 
unfertilized plots. With peanuts there has been a 
urnrked decrease in yield in the second year, duu 
111ainly to ua increase in the incidcnoe of tL crown rot 
ui.icase, 1rl.Jich substantially reduced the 1Jh1111 stuud. 
lt appears that unless control measures can be devi ·c.J 
peanuts should not be cropped on the ,,ame laud 
.wcoessively. 

(iii ) Special Soil fovestiyation..s-.-The limestone 
red. soil h:1s _a~ acid reaction. Peanuts, especially th11 
rnnety V 1rg1m u Bunch, have a special nell<l for readily 
u rnilnble calcium at the fruit setting stnge to avoid 
u\'Ulc abortion . An experiment with two varieties of 
pcimuts as the i11diouto1• plants shows thnt there is 110 

ndvantagc from additions of lime. The effect of to1,
dressi11g 11·ith gypsum has alf:o beeu examined with 
irngat.ive results. .Preliminary experiments have shown 
uo r eRl)Oll!le to tho addition of the commonly deficient 
111 i nor ck•ments. · 

(b) V1'ops.-Further crops uf cotton, grain sorghum. 
::mi peanuts ha1·e bec:1 produced 011 the limestone red 
soil. '!'lie yield of seed cotton for the 1040-60 season 
11·:1s o00-600 lb./ acre, var ying accordi ng to fe1•tilil!er 
ll·eatment. Many introduced vurictics l111ve now bee11 
l'Xtltnined, but none has equalled the Queensland strains 
uf the :Miller ,·aricty. The yield of grniu sorghum in 
tho 10-19-uO season was 30 bus./ ncre in the best fertilizer 
t1:outJ_1te11 t<;. Hcgnri strains are -c.:o·nsisteutly the highest 
ywld111g, but il!'e rnther tall und have soft grain. 
Sc,·cral double dwarf ,·arietics of lower height and with 
harder grain aud good yield show promise. },.n e1i.-treme 
ihrnrf type of Hegari selected nt Katherine has out
_vielcled Kalo nnd may be of considernble ,·alue under 
l~we1· rainfall conditions for fodder purposes. Peanut 
.rields for the l !l-lO-.jQ season were high, c.'\'.ceediug 
2,000 lb./ acre for thl' best treatments. Yields for the 
1950-51 season appear to be n good deal lc1:1s owing to 
the very wet condi tions and the greater iucidence of 
crown rot. The best treatment yielded about 1,000 
lb./ acre. N Wllerous introduced varieties ha,e been 
Pxaminod, but nonp has outyielded loca l 1·a1·ietios. 
S helling percen tages for ditfo1·cnt varietirs have varied 
from GO to 00 µor cent. 

Of the three main rrops, peanuts arc outstanding 
because of their ada·ptiou to tlte hot climatic conditions 
and the ;;hort growing scnson, and bccau.;;o of their 
phosphate thrift. Ornin sorgbums ill'c• ouly fairly 
well adapted to tho C'limatic cond itions find uot at ail 
to the low phosphntc content of the 1111fertilized soil. 
rotton i~ rcasouabl.,· well adapted to the- wet summer 
c·ondition~. aud the dry 1rntum11 i;; fn,·orable for 
11111 tnration and hn1•ycsting. This crop rc(]uires a. hiCl'b 
phosphatr lcrel a11d is somowlrnt limitrd by the length 
of the growing season. 

T he nixronomic research at Rntherinr is ra1-ried on 
in ,·rry c•lose co-operation with the P11mt Introduction 
Section ot the Divi.~io11 of Pln11t I ndustrv. Introduced 
c'l'O'ps whlrh ba,e been de111onstrated b,, this Section 
to haYe promise for llryland agriculture in the region 



are placed in larger trials 011 the ,Jryland farm. 
J.mongst those crops for which plans are being made 
for more exten sive experiments ure sunflower (Helian
lhus annuiis) for oil, Roselle fibre (Hibiscus sabda
ri/Ja), and Phaseol11s crnre11s as a high-protein pulse 
Cl'0p. 

( c) J\1 ixecl Orvzwiny.-A •prcliruiuary expel'iment 
has been conducted to examiue the production of grain 
sorghum and peanuts when sown alone and when sown 
in alternate rows. Where additional phosphate was 
applied, the grain sol'ghum produced aP'proximately 
as ruuch grain from a much reduced total bulk of 
,plant ma,terial wlien sown iu competition with inter
spaced rows of pcam1ts as when sown alone. The 
physiological r caso11 for this iucreascd efficiency of 
grain production in the mixed plots is to be inYestigated. 

(d ) 1-'asture I nvesl·igalions.- Pasture investigations 
have been continued along two lines, the investigation 
of species and mixtures for sowing on cultivated land 
and the improvement of native pastures by the intro
duction of legumes. The long dry winter has pro11ed 
to be a critical factor iu determining the suitability 
of grass species for cultivated land. Observation plots 
of various rn ixtmes lw,·c indicated that Guinea grass 
(Panicum ma:i:immn) and Rhodes grass (Chloris 
gayana) fail in this respect. Four g rasse,;, of very 
differen t hnbits of growth, .-Lnclropogon gayarn1s, 
Urod1loa bnlbodcs, (Jenchrus sp., and Di_qilaria sp. 
have .survived satisfactorily. ,\ I! pasture mixtures 
sown have included Townsville ]ucernc (Stylosanthes 
11undaicci), Sty lo ( Stylosanlhes grac·ilis), or Oliloria 
lernalea. The lust species appear.s to require better 
moi~turc conditio11s. ,Of the two Stylosanthes, the 
annual species S . sundaica has shown the greater 
promise. I t shows g reater phospl1ate thrift aJ1d on 
unfer tilized lnud is able to compete satisfactorily with 
the introduced grasses. 

1'he impro1·eme11t of Hative pastures has been con
cerned 1m1i11ly with the intro<lucLion of Townsville 
lucerne. It has been sL011·11 that this legume can be 
established in grazed 1rntive pastures without applica
tion of super1)hosphale or surface cultivation, but 
it r esponds to both tr eatments by better establishment, 
g1·cuter bulk, and greater seed productio11. This effect 
is carried oYer 111to the second year. T he germination 
and establishmen t of Townsvillc lucerue seed lrn,e 
been improved considernlJly by dehulliug. 

( e) Pcsls and Diseascs.-Most of the crops grown at 
the Station have been culfo·ated for fi1·e years and 
several of the main crops ham been cultivated or have 
survived iu the wild s tate for mucl1 longer . In spite 
of this and the presence of illdigenous members of 
these genera in the area, there bas been general freedom 
from pests and <liseases. l3ird damage to grain in 
small or isolated plots of grain sorghum is serious. 
Peanuts are a ttacked b:y a crown rot disease whi ch 
can cause a serious depletion of the sta11d. Pink and 
rough boll worms are serious on cotton early in the 
season, but seem to disappear completely later on. Grass
hovpers haYe not yet caused any damage at Katherine, 
although large swa1·ms of hoppers are common early 
in the season. 

T he investigations Oil the levee soils have mainly 
concerned tobacco and new pla11t introductions. The 
results are reported el~ewhere. 

20. KIMBJ-:RLEY Rl, SEARCll ,STATIOK, 

The investigations of agronomic and _pasture prob
lems under irrigatio11 at the Kimberley Research 
Stat ion, conducted by tbc Land Research and Regional 
Survey Section, are being continued in co-operation 
with the Western .Australian Department of Agricul
ture. .A part from t11eir significance to plans relating 
to the development of this region, the investigations 
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a.t tJJe Kimberley Research Statio11 have application 
1,0 other beavy 'soil flood-plain regions of n~rtbern 
,\ustralia . lll view of the pr ogress made m the 
iuitial experiments a 1·esearc:h officer has been appointed 
to the station. 

(a) S oil fi'erlilily P rol.ilems.-Fnrther experiments 
11:1 ve conihmcd the ueed for phosphate applications 
fol' adequate production of all crops au<l,1?astures, ~nd 
tliat moderate to heavy nitrogenous fert1l1zer apphca
tions are necessary for crops such as rice and sugar 
cane. The need fol' p otash application has not been 
so well defined and indications of ipb osphate-potash 
antl nitrogen-potash interactions require further 
investigation. The role of sulphur in relation to soil 
fer tility is being studied and preparations are being 
!llade for a ser ies of pot e;:,.-periments to supplement 
the field work. TL.ere have been no significant 
responses to mi nor elements with either gl'arnineous 
or leguminous species. 

TLe exte11t to which nu trieut deficiency may be 
cuntr i hnting to the decline in proclucti-l·i ty of •past1Ue 
g rasses in tbe sec011d a11d third years after establish
ment is r ecei"ing atte11tion. 

(b) Paslure I nves/;igalions.-Pastures based on 
Hho<les grass ( Ohlo1·is gayana), Paspaliim dilatatum, 
.Para grass (1Ji·cichia1·ia mutica) , Guinea grass (Pani
cu,n maximmn), and buffel grass (Oench-rus ciliaris) 
haYe now been observed oYer a period of several years. 
A\.11 pastures are still showing a ma.rked decline in pro
ductivity, an<l .this problem is being investigated. The 
establishnieut of a pasture legume al one, with the 
object of building up ferti lity before introduction of 
ihe desired grass species, is now being examined. An 
area of the legume Cliloriu, fernalea, which has shown 
cons istently good g rowth and resistance to locusts, is 
being planted this d ry season and will later be grazed 
befo re over-sowing 11·ith grasses. Field confirmation 
is required of the results of a recent ·pen focding test 
in which a steer was feel exclusively on freshly cu t 
material of t.his plant for a period of one month 
without any apparent toxic effects. 

N cw pastures arc also being e;;talJlished. T hese 
include the grasses Paspalum scrobiculalmn, Guinea 
grass (Pa:nirnm maximum), Para grass (Brachiaria, 
-mutica), Ancl·ropogon gayan1is. and Genchr11s cil-iaris 
Type B, rach in a~sociation with the two most promis
ing legun,es, S lylosanlhes gracilis and Clitoria ternatea. 
Difftcuhy lias been experienced in building u·p adequate 
seed supplies of some of these introductions. It 
appears that establishment from sred is les.s satis
focto r,',' during the ,,et seasou t han during the cooler 
dry s1Jasou ll'hcn seed-bed conditions can be bette1· 
controlled nuder irrigation. 

P astures of Rhodes grass alone and Rhodes-legume 
mixtures l1 a\'c bren grazed by beef cattle. Observa
tions so far indicate that the pastures could not be 
satisfactorily grazed in the wet season on these heavy 
soils. Areas have been inadequate for a fully con
trolled o-razin"' trial but the best live-weight increases 

"' "' ' 1 . Th . have been on the R hodes- egume mixture. e im-
provement in the condition of the animals after only a 
short period on .thi~ in_igated l?asture mixture aft~r 
cominir off a deterioratmg native pasture, early m 
the cl~·y season, has been ·promisi.J1g. Live-weight 
gains 011 Rhode.s-legume pastures have been of the 
order of 2 lb./day and up to 3 lb./ day for shott 
periods. These compare with gains of ¾ lb./day on 
native pastures. 

A.mong the newer introductions of pasture species 
strains of the grasses Seta.ria svhacelata, Panic11m sp. 
aff. colorat11:m, D(qitaria sp., and .Paspaltim simplex 
appear most worthy of more exte11sive trial. Several 
strnins of peanuts show promise as pa,5ture legumes. 
Other legumes of possible pasture or irreen manu1·e 
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value are under observation. Further experiments 
are being conducted with lucerne, which has not been 
successful on the clay soil in the past. Sudan grass, 
bulrnsh millet, and elephant grass a re being compared 
for fodder production. 

( c) G1·op Ev,dution and Variety Oo1nparison.
Peanuts have continued ,to give commercially satisfac
tory total yields in small plots, of the order of 2,000-
3,000 lb./acre, but the shelling percentage has been 
disappointing. A few of t he introduced varieties 
appear promising and yield com:parisons between them 
and the standard varieties Virginia Bunch and Red 
Spanish are to be made. Yields of 40 to 70 bus.jacre 
of grain sorghum have been produced according to 
the season. The highes t y ields have been obtained 
with local selections from the variety Caprock. 
Variety selection work is Leing continued. A wide 
rauge of cotton varieties are under observation. A 
good crop of cottoH, rnriety Locket 140, was grown 
during the wet season 19.,0-51 but the potential yield 
of lint was greatly reduced by pest damage and the :final 
yield was ,161 lb. sec<lcottou/acre. Alternative 
Malrnceons host p lants 11re numerous in the area. A 
strict ·pest control regime appears necessary to obtain 
satisfactory commercial yields. 

Small samples of tropical rnrieties of rice, of which 
25 were from New Guinea, have been grown during 
the l 950-51 wet season. These included the most 
promising vfuieties yet grown on the statio11. The 
variety OPI 12002 "Radin Siak" from New Guinea 
is the latest maturing and most attrnctive of all. Suffi
cient seed has been hanested for more extensive trial 
of the leading varieties. 

Twelrn varieties of sugar cane, including the leading 
irrigntcd canes of the Burdekin region, have made 
rnry satisfactory growth in small observation plots. 
The multiplied material is to be used this season for 
planting a replicated fertilizer and varietal yield 
trial. 

Linseed appears well a<la•ptcd to growth during the 
cooler months of ,the dry season. There is an iudica
tion that early maturing varieties will be the most 
satisfactory. A wider range of varieties is being 
planted this season. Several var ieties of saffiower 
will be under observation in nursery rows during the 
curren,t season. A wet-season sunflower crop gave a 
commercially satisfactory yield but matured during 
the wet period and would have been too early for 
mechanical harvesting. 

(cl) lrr·igat-ion.-A frequency of inigation experi
ment with a Rl1odes grass pasture indicates that the 
most satisfactory watering inter val during the dry 
season is approximately four weeks. Furrow irrigation 
with run lengt-hs of up to nine chains has ,proved 
satisfactory and is being used for most crops. For 
adequate lateral seepage well-prepared ground and a 
broad-based furrow are 11ecessary on the Oununurra 
clay soil. The border-check method is used for pnstures 
and closely spaced crops such as linseed. Approxi
mately eight acre feet· of irrigation water was 11ecessary 
for the la~t wet-season rice cr O'p in addition to 22 
inches of rain received during t·be growiug period. 

( e) Pests .and D~ea.se_s.-Gra1,shoppers, principal!y 
the yellow-wmged Crastrvmarg'ltS 11iu.sic·us, were agam 
troublesome during the wet season, attacking mainly 
gramineous species. .A number of otherwise promis
ing grasses and the legumes Stylo and Olitoria were 
relatively immune. Control measures possible with the 
limited staff of an isolated station are impracticable 
once the winged stage is reached. Little corellas and 
finches have again cau~ed damage to earing sorghum, 
rice and grasses. 0 £ the numerous cotton pests 
the '•pink boll worm, Platyedra gossypiella, baa been 

t hH lll0st important. There was an increase in the 
i11ci<lence of a crown rot disease of peanuts during the 
la.;;t wet season. 

21. H.EOIONil SURVEYS. 

lu addition to agricultural Tesearch at field stations 
in northern 11.ustralia, the Laud Research a11d Regional 
Snrve_y Section con<luct.s r esources surveys of large 
under-developed regious in Australia, Papua, and New 
Guiuea in collaboration with other D ivisions and 
Commonwealth Departments. 

(a) Townsville-Bowen Region.-During September 
and October, 1050, a survey was made of the To,vns
·ville-Bowen region, which covers an area of 6,400 
squ:i.re miles, including the Lower Burdekin River 
Valley. A preliminary report on this region, including 
special consideration of the irrigation proposal in the 
Tiurdckin Valley, was pr esented in December, 1950. 
A map, indicating a subdivision of the lands of the 
region into seven land-use groups, accompanied this 
rC"port . .\ more comprehesive report has been pre
pared, including a map of the 19 land systems of the 
region, wl1icl1 have been described in detail. Both 
maps have been produced on a scale of 4 miles to 
1 inch. 

( b) Barl,;ly Region.-CJolonred rua µs showing the 
geomorphological units and the land systems of this 
l'egion have been printed and arc arnilable for distribu
tion. These maps, which a re produced on a scale of 16 
miles to 1_ inch, cover an area of approximatel.v 120,000 
square miles. 

( c) Orel-Victoria Hiver Hegion.-Preliruinary work 
on the data collected in the 1940 field season has been 
commenced . It is plnnned to complete the field work 
of this 1·egion in 1952. 

(d) l!avua-New Cuinea Resources Snrvey.-,.1_ long
term resources sun·ey of all these Territories is to be 
conducted at the request of the Department of Terri
tories. .Preliminary steps have been tal,en to oro·anize 
a new unit for this purpose. 

0 

J2. Mrn:t::HAL N11T1U'noN OF PLANTS IN THE 

Ooo NALl'YN DowNs, SocTH AusntALIA. 
The i!1vestigati?m of the mineral nutrition of plants 

grown ~n the soils of the Coonalpyn Downs, South 
.'u1straha, have been continued by the Division of 
f3iochemis~r1 and General Nutrition. Following a 
recent decmou of the State Nomenclature Committee 
the name Coonalpyu Downs has been officially adopted 
for the r egion previously known and referi·ed to as 
the Nu1ety-mile Desert. The implications of this are 
obvious. 

The in!tial expe1'imeu.ts on the Ooon:ilpyn Downs 
"·ere eanrncl out on a soil type known as Laffer sand 
":~irb consists of_ approximately 15 inches of grey 
.c:1lice~us sand restrng on about 6 inches of sandy clay 
orcr h rnestone. :Ihe results of these have been recorded 
iu earlier reports and in various publications which 
liaYe provided the basis for the development 'of this 
refractory area. 

Detailed investigatious are n ow being carried out 
0 11 .Buckingham sand, which is a much heavier soil 
and on. two soils lighter than Laffer s:i.nd; oue of th~ 
latter is near Coombe and the other near Tintinara. 
The f~ct that these soils are limited by deficieneies of 
both zmc and cop~er has been established by experi
ments. The seventy of these defici~ncies varies in 
degree. It is acute in th.e ligh~est soils, and is incipieut 
bu.t nevertheless economrnally 1mp~rta11t in the heavier 
soils such ~s those known as Buckingham sand. Each 
of thes~ ~011 types has been fo1;1nd to present a. number 
of add1t1onal problems peculiar to itself, and these 
are re~arded as facets ?f the overall problem of pasture 
establishment and mamtenance on this large tract of 



deficient terrain. .\. 11u111ber of loHg-terw exporimentll 
has recently bee11 completed und the results aro being 
prepared for publication. 

(a) Experi111c11/1, 011 lfocl.:iny!tam .Sand.-Thcre arc 
extensfre areas of Buckingham san<l ca:;t of Keitb 
awaiting dol"elopwcllt. TLc soil thol"{J co11sists of tbrct• 
inches or ,-o of siliceous sand 01"e1· cla,· which t·xtend!I 
60 feet or more in depth. The natu1:al vegetation is 
an association knowu U!:I mullee-broom bush in whicb 
Eucalyplu1, incra1,sata und 11Ielaleuca uncinalti pre
dominate. Subterranean clover was found to grow 
extremely well oil this soil, provided the incipient 
deficiencies we1·0 corrected by on addition of zinc and 
copper at soodiug. Suporpbospltato applied in amounts 
up to G cwt./acre ut seeding bod 110 detrimental effect 
on yield of herbage, and Jrnd a 111arkedly beneficial 
residual effect 011 tho two succcedi11g years. Highly 
satisfactory growth of the clo,·er was obtained by 
annual :i.pplicatio11s of lJ cwt. of superphosphate per 
acre. Serpentine supcrphosphnte was no more effective 
than or<linary .,;uperphoi,phatc. Of firn rnricties of 
subterranean clover tested, lbce;Lu.s Marsh and Mount 
Barker pro\·ed most productive ou these soils. .An 
application of 7 lb. enrh of zinc sulphate and copper 
sulphate pet· acre has bce11 recommended to correct 
the deficiencies 011 new land iu the Coonalpyn Downs. 
Im·estigations arc being uwtlc to deterllline whether 
this nn101111t ettn be .;afol_y reduced iu arrn~ where the 
deficicncic~ are merely incipient. 

So for, 110 risible sign of deficiency other than those 
of phosphorus, nitrogen, zinc, and copper has bce11 
detected i11 plants growu in Buckingham sand, and 
no corn;i.•tcilt rcsponse.s have licc•n observed to supe1·vene 
on thr application of other nutrient clements. The 
possibility that other <leficieneics may de,·olop us the 
pastures age is 11ot hci11g overlooked. 

In preliminary tria)s of a number of pasture .specie , 
on new land, percnnrnl 1·yegn1 &; wns found to "row 
well in a,;suc·iution with subtenaucan clover. Phalaris 
under thr sa111e co11ditio11H virtually failed on account 
of nitroge11 ddlciell(:y, but developed well wlrnn sown 
into ploughed, three-year-old clover pasture. 

Lu~orne dor~ not thriv~ iu grnzed past.Ul'OS grown on 
Huclo!1gl1a111 sand, and 111 closed experimental area., 
the y1<•ldi:; of luc!'rne were lc-ss than lrnlf those of 
subten:111can c-lon·1· gl'ow11 11udP1· irlcnticnl co11ditions. 
.\.t this site . 1_lie g rowt:h of li1tc1·J1c was not ii11 p1·ored 
by tho adcht1on of copper and liberal dressings of 
superphospl1ntc. The plirnts gl'ow slowly to a height 
of 6 to 9 inc·hcs._ The lca\·cs are then · shed, usually 
before the tlowenng stage 1s 1·cnchcd and the stems 
wither and die. r• redl1 g1·01\·th stnrt~ fro1n the base 
of the plant~. The cause of this abnormal behaviour 
is still obs<·urc. Prcliniinar_y chcrnicul cxnminntion 
o~ leaf sample~ ha,; not rPrealcd any obYious evidence 
either of c~efic1cncy or of_ toxicity. Field plots have 
been estn blisl1cd to dcter111111e the etfcc:t of the addition 
of several nutrient.s :md of other materials and a 
~tucly of root distribution of the plan.ts is to 1:e made. 

Ce1_-eal crops g1·ow poorly on 1·ecc11tly cleared 
Buckmghnm sand. This was found to be due to 
nitrogen deficiency. Drc•ssing~ of le!'.• tl1nn about 2 
cwt. of -~oluble nitrogenous fertilizer pe1· arre, however, 
were not markedly beneficial. nnd the use of the heavier 
dressings tliat urn nccess111•y to promote vicrorous o-rowth 
would not be cc-onom~call_y feasible. Sati.sfnctor/ yields 
of ,~·heat were obtamcd on ploughed land that 1111d 
carried subtcrr~neull clover for three years. 

:be econorn1c advan~ag~s of g1·owing cr1·eals a.~ a 
nmse crop when ~st~bhsh111g young pastures 011 i1ew 
!and 01: all a prelimrnary crop huve bccu referred to 
m previous reports. In areas such as the Bnrkin.,.ham 
~unds, where this procedme fails, a logicnl nlter1~ntive 
1~ ~o grow One_ of the h1rge-i-eeded legumes. P re
hrmnary te_st_s with a few species of these legumes gave 
very prom1smg reslll ts in 1949 and a further more 
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cxiensive test l1 us since been carried out. Over 100 
diffc1·cnt specie.~ and strains of Pisum, Vicia, 1.,u.pinu-s, 
and Lathyn1s, obtained mostly from the Division of 
Plant ludustr_y and the 'Western Australian Depart
ment of .\griculture, harn been grown for tho purpost1 
uf (I prcli111in:.11·y test of performance and fo r multi
ply111g tlu• 1"01·y s11iall q11a11titie~ uf ,epd tl1at wern 
a\'llilable. .E'111·tLer testinrr and multiplication of 40 
of tuc !Host prowising of tl10se is iu progress. In the 
detcrmmation of suitable species the ct·iteria include 
fi~ctors ~~1ch as productivity, habit of growth, time 
of mat1u•1t_y, r esistance to attacks of iusect pests, such 
a,, the red-legged earth mite and the pea grub, ability 
1

8
10td_to .;h?d hgrain,. high germination capacity, &c. 
lu 1cs ol t e pe1forwaucc and of the nutritional 

11::qniremonts of subterranean clover ••i·owll either in 
asso~iation with_or subsequent to crop~ of this nature 
await the seleel1on of species suituble for this area. 
fn p_reli!11inar_y test~, field peas hare shown mo 1 
pro~n1se tn respect to grain pro<l11cti011, and the Dun 
'.·aru,ty hnl! pro\·crl superior to Br1111.~"-i<"k or Collegian. 
r!1c u.~e of peas us a Cl'Op 011 new laud of this nature if . 
howevcl', attended by certain disadYantages. , 

( b) H:~peri11umts 11ear Ooombe.-The :;oil at this site 
con.sist_s of siliceous saud which e,-stends to depths 
ex~c~dmg G foot, three 4-_in. t_hiek hauds of clayl'Y .-and, 
~o 111chc.~ aparl, oc.:currmg 1u the profile aliout :t fret 
tro111 the surface. The uatural \·cgetation is a low 
he_atl1. . • hternpts to grow subtena11ean clo,·er in this 
s01l finlc~I completely because of un acute deficiency 
of 1,otb z111c and copper. The young plants deYeloped 
s~1·crc -~yn1 ptom,~ of zinc Jeficiency soon after germina
tion, and ~e.as~<l to grow, but developed nol'mally and 
g1:ew well tf Zlll('. an1 copper we1·e applied. Dressings 
of superpliosphntc rn excess of l! cwt./a-cre were 
obsened to accentuate the s_vmptows of zinc-deficient 
plants. .\pplicntion of the cqni\·alcnt of 7 lb. of zinc 
.~u lphute nnd copper snlpbate per arrc conectcd the 
deficiencies and enabled subterranean rlo,cr to be 
gro11·~• suec:cssfnlly. Thp cffett of hc:wier and lio-hter 
dress1n~s than these is being investigated in 01·d~r to 
cleter111 UlC the r11nge botll'een the III iniui um oliecti vc 
c,onorntl'fltio11 and the toxic. lcvel_s of zinc and copper. 
Subl<'rrane::m clove1· grown 111 tl11s ,;oil 1111.~ 1·e\·caled no 
~\g11~ of clcfieieuc•ic>s o~ht•r thn II tlw,-,e of pho' phorus, 
;:111t·,. Hn_d t·oppel', winch rnuy be• (·01Tccted bl" the 
11pphcnt10n of 1naDurial dressings contoiniua · these 
elements. Uudel' certain conditions, l1owcvcr abnormal 
gr?wth of young clovrr plant.~ hM been observed il1 
tlm area. The reason for tl1is is being investi"ated 
by tl10 .tl'[ic1·obiolo~y Sectio11 of the Division of Plant 
r n<lusti·y, and is discussed in Sectio11 4. 

Thr. growth and pcrform:rnce of fh·e varieties of 
snbtcl'l'anean clover h:wc been tc.sted, and of these the 
l3acchu_s )Ia rsh and M~u_ut Barker strains have proYecl 
best_ s111tcd. to the eond1t10ns. ~\ ccorcling to the i11for
urnt1on wh:ch tlics~ tests ha,·c pro\·ided, the Bacchus 
~fnrsh nmcty, wl11ch flower., -12 clays earlier than 
tl:e :Mou 1_1t lhrkcr val"icty, i~ preferable. Trifolium 
/rn·/ 11~11. mtroduced fr?m thr rnited States, showed 
pronnse as an alternative to subtenanean clover. On 
11rcas ll"hc1·e copper sulphate had bcc11 ap1)lied 1 . , 
I .. II bl " ' ucelnl Jecnm<' suc~e.sstu y est_a . 1:5hed in this soil, and, under 
these c·on<l1t1011s, an nntia l dl'es;;iug of 4¾ cwt. of 
~'.lflCl'Jlh?sphatc per n<:>rc_ e1m1l'rd 11 maxim~nn yield. 
I he rcs1d_ual t'ffcct of tins hetH·_,. dl'r.,~in.,. of fertilizei· 

ll"H~ ("Omndcrablc. Oel'cals 001·0,Y roason'\bl 11 · 
I · · 1 · "' - " '" we 111 t 11s soi for the first year or bro nftci· cl ' · b 

d . . earrng. ut 
11~ ti· many cn·cu_mstnnces a p1·climi11n1·y establishment 
of a leg-um<' crop 1s a more economic l)rocedu . S t · _ 
f . Id f . 1 e. a is 
act~r.v y1e s o gram and of l1erbagc haYe been 

0btnmccl from several large-seeded lcgu11 • 
) " · • I CS <>'J'OWU ll1 I? t~11nary tests on this soil. Of tLe three 

0
varieties 

~ c c pens testt:d, tl1e highest yield wa~ obtained 
( !"0111 the nu11 Val'lety. 
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( c) llxperim,ents near '.f'.i11tinar~.-'l'he soil ~t ~his 
site consists of siliceous sand which exceeds six feet 
iu depth, and which drains v~ry rapi~ly. The 
-indigenous vegetation is heath w1~h occasi?nal_ tree~ 
of stringybark (Eucalypt·us baxlen). Apph_catlon of 
copper to lucerne at seeding was found to brmg ab?uL 
a marked increase in yield in the second and th~rd 
years thouo-h not in the first year. An annual drcssrng 
~f 1½

1 

cwt. ;f superphosphate per ac~·e to 1ucerne which 
had been sown on areas treated w1th copper appears 
to be the economic limit at this site, probably because 
of the absence of a moisture-retaining subsoil. 

(d) Ueneral.-Symptoms of zinc deficiency and 
copper deficiency pro~uced iu. subtenanean clover 
grown in deficient nutrient solut1_ons closely ~-esemb~ed 
those observed in plants grown rn the de:6.c1e?~ soils: 
It should be realized, however, that recognition ~f 
these symptoms in plants growing under natural c~1~d1-
tions is an aid to diagnosis only when prev~1lmg 
deficiencies are acute. l!'requently a state of deficiency 
is encountered in the field which imposes serious 
limitatious to the "'l'Owth of plants without revealing 

0 . 
any obvious symptoms. Lucerne, for 111s~ance, even 
in a state of relatively acute copper deficiency, ~ay 
exhibit uo symptoms other than a marked reduction 
of yield. As a further aid to diagnosis some knowle<lgc 
of the range and critical values for zinc and copJ~er 
content of the plants is being sought. Plant matenal 
(leaf and petiole) has been collected for analysis as 
it has become available in controlled experiments ou 
the different soils. 

lV. IRRIGATION. 
1. GENERAL. 

The main establishments of the Organizutiou for 
research in connexion with irrigat ion are the Comnwu
wealth Research Station (Murray Irrigation Areas), 
M:erbein Victoria, and the Irrigation Research Station 
(Mmru:iibidgee Irrigation Areas),. Gri~th, :New Sou~lt 
Wales. The work of these stations 1s reported rn 
this Chapter. Much of it is closely related to th~ 
problems of the _regions in which they ai:e si_t1;1at~d. 

Irrio-ation studies have been made also at Demhqu111, 
New South Wales, Ayr, Queensland, and the Kim
berley Research Station, Western Australia. 

2. COMMONWEAL TH Rm;EAnon STATION (MunnAY 
IRRIGATION AREAS), 111:Enm:rn, VrcTonu. 

The Merbein Station has always maintained strong 
interest in the problems of the dried Yiue fruits 
industry, and the location of the .Station on an area 
of saline land in the Milduru distl'ict has lee.I naturally 
to continued detailed investigation of irrigatiou 
practice and of drainage and reclamation processes. 
The Station's work extends over the middle and lower 
1Iurray areas and cov~rs a broad field of investig~tiou 
nece;;sitate<l by the wide range of crops and c1n-1ro11-
ments represented in these irrigation a reas. 

(ii) l?Tigalion, Soil Preservat-ion, an.cl Reclamal,io·1~. 
--The principles and practice of application of in1~ 
"ation water to the surface of the laud by means ol 
furrow and ftood irrigation arc now well understood. 
Spray irrigatiou has been used for a long time, but 
recent years have seen greatly increased interest i11 
this practice throughout the worlcl. Much im·csti
"ation remains to be done before the mo::;t satisfactory 
;ystem to suit particular conditions. c::n 1(<' clcfinetl. 
Equipping of a test area for spray 1rngation at tlw 
Station has been completed. A.mo11g otl1er thing~. 
distribution of water from various kinds of spl'H,Y 
nozzle will be investigated, and the drop sizes o[ 
water sprayed under Yarious conditions will be detcl'
mined. Flll'ther work bas been done on the mcasur(•
rnent of flow of irrigation and drai1111ge water. Tl1c 
Oi·irn1117.ation's Central Experimental Workshops 
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uiodified the design of a rotor water meter develop0d 
at the Station, and constructed a 9-in. rotor to run 
inside a 12-in. pipe with shaped entry and exit for 
water. The shaping was such that cast111g in concrete, 
using forms produced under workshop conditions, 
would be practicable. Tests on a modified meter 
carried out at Melbourne Technical Oollege indicated 
that, although the overall loss of head at a flow of 
3 cusecs was less than 3 inches, the meter was not 
i.ensitive at tlows below 1 cusec. Because of the 
importance of water measurement in investigation as 
well as in irrigation and drainage practice, efforts 
urc being continued in a•ssociation with Central Ex
p(:}rimental Workshops to find a satisfactory device, 
particularly for small flows. 

Investigations on drainage and reclamation have 
bt' en concentrated mainly during the past year on 
further examination of responses of river-deposited 
material to drainage by pumping from deep-seatC::d 
sand strata. In the Renmark Irrigation Area a second 
bore located 50 chains from the first has now been 
fitted for pumping. Investigations are in progress 
to determine the extent of interaction following 
1;mnpi11g from the two bores, and the joint area oi 
iufluence. In addition, two bores have been put down 
iu another part of the Reumark district which includes 
a large1· proportion of lighter soils than those in the 
l'icinity of the earlier bores. All recent bores in this 
district ham been put down to depths of the order 
of 80 feet. 

Imestigation of deep-seated strata will be facilitated 
hy use of a boring rig now being assembled, whi-:h 
ha,, liccn designed to drive and jet 2-in. casing to a 
depth of 200 feet if nece~sary. The equiprnunt 
<:omprises a 2-ton trailer, fitted with a mast and 
<·;1 rrying a G horse-power motor, high and low pressure 
1•:n ter pump, air compressor, and crank for operating 
:1 40-lb. hammer . 

Preliminary studies bare been made of a method 
of 1lctorrnini11g the in situ permeability of waterlogged 
11<: rous material. The method involves field work and 
11 1<· 11~c of nn electrolytic scale model. It is hoped 
that it will prove useful in elucidating prohlems of 
,lraillllge, particulnrly in the rirer areas. Results 
~o fu1· hare not been consistent with the origiual 
tl,eoretical basis for the method and furtlier tests will 
l ,e carried out in this connexion. 

.\ prnssure apparatus has been set up for inYestign
tion of soil moisture potentials under irrigation. A 
,-omparison is being made between foamed concrete 
ancl plaster of paris blocks for the measurement of 
.•oil rnoistme and moisture potentials. 

(u) Lrind Use.-By arrangement with the Division 
of Soil$, tlic M:erbein Station has continued to carry 
nut soil surn)ys of comparatively small areas in the 
l'cgion, especially those proposed for soldie1· settlement 
nndc l' il'rigatiou. During this year, 326 acres of laud 
:1 t Coonicalb, to he irrigated undcl' the ·war .Service 
I.and Settlement Scl1eme, haYe been examined. 

.\ l'Cnovation trial 0 11 la11cl ;it w ·oorineJL_, previously 
:1 L1m<lo1wd for vine g1·owi11g, is now in its third year. 
The t l'i:i l is dtsig11ed to g ive information on the value 
pf rn1·io11,s plant covers in renovating deterioratec.l 
lancl to be planted later in Yi.nes or fruit tt·ees and 
also lo sl!ow_ the value of the various reno1·Ating 'cl'ops 
to_ tl1c rl1stri~t as fodder or pa'hu·e. In the spring 
of 1.048, portions of the land were t.r<'atcd either with 
g,vpsum or with gas-\\rorks residue ( a cl1eap sou 1·r•e 
of sulphur) for compar ison lat.er with eontrol areas 
110!: so t,reated. After a summer unde1· millet o-rown 
11nde1· irrigation, six types of plant cover 

O 
were 

sown, comprising four pasture mixtures, lucerne, and 
annual crop. 

After reasonable success in establishment the pastu re 
species perennial ryegrass, cocksfoot, a~1d Phalal'i.~ 
f.ubero~a hnve been found to need close1· attention, 
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particularly us regards frc~1 ~ency of '.v'.1-ter!llg, t~an 
can be given under the cond1~1ons preva1h11g m_ typ1?11l 
dried fruits settlements dunng the harvest time for 
vines. Under irrigated annual crops, deterioration 
of the land continued. .Accordingly, in autumn, l9jl, 
the whole trial area was planted to lucerne. A smaller 
trial, inc:luding similar pasture and luceme treatmeuts, 
is being continued in its orig·inal form 011 the local 
Inquiry Committee's experiment farm. 

Trials of gypsum, sulphur, and gas-works residues 
as soil ameliorants on areas of failing vines on two 
of the major soil types at Woorinen have been i11 
progress for two years. An improvement in vine 
health has been noted with the change from furrow 
to flood irrigation that accompanied the institutiou 
of the trial. While the :fir st harvest gave indications 
of improvement from both gypsum and sulphur, the 
second year of the trial was rendered abortive because 
the vines went seriously short of water during a critical 
period of the summer. 

Methods for determining the boron coutent of 
irrigation and drainage waters ha,·e been im·estigated. 
Of var ious colorimetric reagents tested, 1,1'-dian
thrimide was found the most satisfactory for the 
smaller concentrations of boron. Wl1ere the boron 
content exceeds 1 p .p.m., the quiualizarin method 
gave the best results. 

( c) IIorticulture.-Investigations have been co11-
tiirned on the factors involved in the variation iH 
yield from year to year of the sultana vine. Bunch 
counts carried out in October, 1950, substantiated 
the forecast made during the previous May for a lo\V 
percentage fruitfulness of sultana buds for the 1950-5"1 
season. Although weather conditions at l1anest werc
abnost ideal, the crop was one of the lightest for 
years. For the 1951-52 season, bud exawination mad1l 

in May, 1951, showed that the percentage frnitful111.:~s 
is higher than it was last year, and poteutialit:c,; 
exist for a crop up to average in yield. 

Examination of the data obtained in detailed studies 
of the bud burst on 81 vines in the spring of l!H!) 
lrns been completed. It was found that the nurnhc:r 
of buds which burst each clay was correlated wit], 
the maximum temperature of the previous day. 
During the period of bud burst, the fruitful shoots 
tend to emerge before the barren shoots, so that thera 
is a linear decrease with time of t,hc percentage of 
fruitful bnds among the total buds bursting each day. 
Percentage of fruitful shoots, average green weig:,t 
of fruit per fruitful shoot, and aYerag& length of 
hoth fruitful and unfruitful shoots have been fo11nrl 
to bear relationships to bud position capable of ex
pression as mathematical formulae, conforming in 
each case with a parabolic distribution. 

Tria1 of 2,4--D sprays as a substitute for cincturing: 
of the cnnant vino was extended this year to l arp;r:r 
areas 011 several private vineyards. This meth()(l 
c·ontinues to show promise of cleveloping into n 
procedure of practical importance. 

A trial was commenced to examine the cffrr-t. of t i111r 
of application of "Lime Sulphur" spray (1 : 10) for 
the control of "shoot restriction disease" on sultan., 
vines. Separate pl ots were sprayed on three occasion~ 
at fortnil!htly intervals dm-ing the month before bnrl 
burst. All sprayed vines sprouted a11d l!rew no rum 11>·· 
while the control vine• ,,howcc1 some symptom~. TH 
th is season, however, the incidence of tlie disease w:cis 
not ~ufficiently serious to affect the rrop on thr 
control areas. 

Control of weeds at minimum expense continue;; 
a~ n matter of lively concern to vine growers and 
others. J n It test commenced last year. "Hormex" 
11t. two stren~ths was used in an attempt to control 
liardhea.cl (Oentaurea picris) in a vineyard. The 
we11 ker of the two solutions (0.3 per cent.) appe::n-e,l 
to be the more effective in reducing growth, and ono 

svruy this ~eason kcvt the weed uuJer cuutro!. The 
rnd1cat1011s are that the amine salt of 2,4-lJ will keep 
harcthead uu<ler co11trol relatively mexpensiv_ely. 
lJn<.ler the conditions of trial, similar_ cons1derat1ous 
apply to bindweed (Gonvolvulus arvensis). 

~u thougll wee<lkillers of the 2,4,5-'l' type were tried 
this year, camel thorn (A.lhagi camelorurn,) has _not 
yet ueen controlled successfully u11der th~ cond1t1ons 
l>reYa1lmo- m the reo-ion. 'l he use o.t the more 

b b d " ·' 5'1' r0Jat1le ester compouncts of 2,4-D an z,'1'., - agamst 
w0<:c1s among vines is precluded because ot tlle damage 
t1011e tu vines by their vapours. 

.i. sur l'ey of W oorinen vines and ,:;oiis, first carried 
uuL m April, l!-J50, was repeated iu m-0dified fo1·m 
m .MarcL, 1951. helations are beiug sought between 
llie health of sultana vines at each sampling point 
and the ::;alt content and pH of soil and tile leaf 
cornposition i11 terms of contents of chloride, boron, 
and nitrogen. 

The effct:t ou pla11t growth of increasing sodium 
iu tlte clay complex in a selected W oorinen subsurface 
::;011 bas been tried out in a preliminary way by 
growiug sultana cuttings in pots of treated soil. ln 
order to evaluate the effect of high pH as such, an 
attempt was made also to grow sultana cuttings and 
rootlings in culture solutions representing the wide 
pll rnnge. Exper ience gai11e<l in these methods will 
I.JC! valuable in future culture work. 

]!'urther work has been do11e on the relation between 
soil salinity and the salt status and yield .of the vine, 
with chloride as an indicator of salinity. Most of 
this work has been done on a medium-textured soil, 
Coomealla loam, which is undrained and bears sultanas 
showing various degrees of salt injury. The indica
tions, mainly from sultanas, are of close relationships 
between soil chloride, the chloride co11te11t of whole 
leaves or petioles from middle positions 011 shoots, and 
chloride content of canes sampled in winter. Express,)d 
as percentages of the dry weight, the chloride concen
trations of t he petioles are approximately twice those 
of tlte whole leaves. The trunk, sampled in winter, 
is niriable, but there is an increased chloride storago 
in the weaker vines. 

lt has l,oe11 found that the rise in chloride content of 
petioles duriug the season is not affected by irrigations. 
A further poi11t of iuterest is that rain may reduce 
1Jctiolc cliloritlc couccntrntions so that this :figure £or 
sample~ taken after January may not be reliable as an 
incLcator of excessiYe soil salinity. For undrained 
Coornealla loam, if chloride content of middle petioles 
i~ greater than 1.1 per ceut. on the dry basis in early 
XovembC'r, 1.7 per cont. in early December, or 2.3 per 
ec-11 t. in ca rly ,January, yields from vines are extremely 
low. J,'or Yines showing such :figures in December and 
,lt1 11uary, sr\·e1·e burning of basa l leaves occurs anll the 
_yo11uger leavrs 111:1..y be affected a lso. A start has been 
111adP 011 t.]10 examination of sites on light, medium. 
1111rl hc1l\·y ~oil typ('S to find whether the threshold 
chloride rnl111'. nbo,·c which yield is depressed, varies 
\1·i th soil type. 

~tutistic11l 1rnnlysis of tbc resnltR of a survey of boron 
c-onlent of whole s11lta11a leave!> (lamina plus petiole) 
tl1ro11glwnl the Sunrnysia district sho11·ed a correlation 
lwtw0rn b0ro11 c·ontent. and soil typP, Yines growincr on 
thr l igl1trr .•oil~ p;iYing mncb lower figures than tho~ on 
the lH' 11,·ier .•oil t_vpe~. Vines in the Curlwaa area bad 
hmrr boron routri: ' tb:rn tho!'\r on mallee soils. Tlierfl 
"·ns 11 very slight cc,nelat.ion he t.wepn boron content and 
chloride content. of vine leaves. Dnring tl1e 1950-51 
gTo,Ying ~enson, ronee11tratiou;:; of boroi~ np to 1.600 
p.p.m. of the dry mat.te1· were recorded for sultana leaf 
lnmimie from vinps on hea,-y. poorly drained soils. 
P etiole r011f'entrntions wrre fo11nd not to exceed 
200 p.p.m. 



3ts 

Weekly measurements of tue circumference of 
Valencia oranges were carried out in 1950 from 
January to October to obtain growth rate cur.ves. 
During the winter months there were several serious 
recessions in growth rntc, which 1rould probably affect 
the final size of the fruit. The winter of 1950, however, 
was abnormally dry, ancl similar cond~tions m.ay not 
1·ecw· frequently. Measurements are being carried out 
again in 1951. 

Followin"' a serie~ of detailed observations and 
measurerneits on the gro,Yth of citrus shoots, a paper 
has been published describing the various types of shoot 
and their relation to the growth of trees and the 
production of fruit. 

Although green munu1·illg has been a standard 
practice in orcl1ards and Yineyards for many years, 
tbore are a number of aspects on which scientific infor
mation is imperfect. During the past year further 
data have been sought 011 some of these points, and 
trials have continued of alternative green manures to 
take the place of t.ick brans wl1ere growth of the latter 
has been poor. 011 rnry 1 igh t sandy soils where tick 
beans faifocl to produce satisfactory crops, it was found 
that Latl1yru.s ochrns and tares ( for a later crop) were 
good substitutes. 

The indications a re tba t both LnJhyrus ochr·us and 
tares ha,·e higher nitrogen contents than beans sampled 
at the same time. The t<:>11dc11cy, therefore, would be 
towards more rapid availability of nitrate after turning 
in these crops than ·with beans. Laboratory investiga
tion of relative nitrification rates is in progress. 

Percent11ges of total nitrogen in soils sampled from 
the :M:erbei11 St:1tion manmial trinl 11~<:>re ver,y signifi
cantly greater from p;rcen ma11mcd plots tlia11 from 
those not subjected to this treatmeut. This :finding is 
being cheeked on a further set of samples taken in 
autumn, 1951. Tu conjunctiou \\'ith Roil samples taken 
at interYals d11ring the season to pro,·ide an estimatr 
of tbe rate of breakdown of t iek bean residues under 
field conditions, leaf samples were taken from vines of 
the various nitrogPn t1·eatrnent~ on the 1Yierbei11 Station 
manurial trial in an effort to detPrrnine at what growth 
stages ,,incs rcquire maximum suppl ies of ni trogen. 
Aualysis is proceeding on tliesc 811mples and on .others 
col1ected in tl1c district from highl_y maumed blocks 
and also from nnmanured blocks for comparison. 

(d) Plant Nu/rie11/.s.- Results from tl1e 1950-51 
dried viuc frnits han·est from field trials witl1 com
mercial fertilizers 011 ,·inr-s nrc in process of statistical 
analysis, bnt it i~ apparPnt tlrnt only on the :Merbein 
Station m:rnnl'i:il trial WllS tla(0 rc a C'onc·lirnivc increase 
from ammonium sulphate last sea~o11. Iu the othel' 
long-established trials-org1111ic Ycrsns .inorganic nitro
gen ancl phosphorns on light gronnd at Red Cliffs and 
on hea\'y ground a~ W oori ne11-there appear to be 110 
significant incl'cases in y:cld for la~t season from the 
treatments applied . . An experiment on time of applica
tio11 of ammonium snlpba te m1rl ai1otl1er on the effect 
of application of potassium fl'rtilizer on sultana quality 
also ga1·c inconclusive results in the past seaso11. 

Indicator plots to show deficiencies of mineral 
nutriC'nts \\'ere planted throughout the district in winter 
and spring 1950. Prima t·.v shoot dieback attributed to 
zinc dcfir.ie1u·y was widespre11d 11mong flax plants in 
tliese plot~. A chlorot.ic condition, similar to iron 
deficiPnev clilol'osis aJrc,ad;v ohsc1·vcd on cstablishr.d 
crops. was ~hown by pPn plants on some sitPs. WbeAt 
plant~ P~bibited an int.eneinal el1lorn!'is. Tl~cse condi
tions fa1lrrl to respond to spot frC'atments w1th sprays 
and thread injections of salts of zinc, magnesium, 
m:mg:mese, aud irnn. :Maize plants from spring-,o.ow11 
plots showed chlorosis of the gro"·ing point with 1wo
nouncerl interveinal cblornsis and d:ving of lower leaves. 
These symptoms conespond closely with those 
associatP<l with " white bud" of maize, a conditio11 
known to bC' clue to zinc deficiency. 

Iuvestigatious have continued on the influence of 
zinc on the Gordo blanco grape, with special reference 
to seed formation, development of the berry, and yield. 
The effect of pruning level on the results obtained by 
swabbing pruning cuts with zinc sulphate solution is 
being examined. It is proposed to carry out further 
work on the distribution of zinc within the vine. 

I rou defic:ency chlorosis in vines and fruit trees has 
been imestigated during the past six years. It bas 
been found that the chlorosis is associated with soils of 
high pII and that affected vines or trees usually can be 
eu red or greatl_y improved by means of cover crops. For 
vines, the "'inter corer crop was allowed to remain until 
N 01·e111ber before rotary hoeing, all deep working being 
rlimiuatcd. For fruit trees, a permanent cover crop of 
l nccrne was grown. Vines and trees have remained 
liC'althy on sites where these methods of management 
11·Nc co111me11ced in 104:6. It has been found that cover 
<·ropping with lucerne has had no effect 011 pH of air
<1.ried soil samples, but there is evidence to suggest that 
i11 si/11 pH is lowered. It is proposed to investigate the 
<'ffcct of cover rrops 011 1:n s1/1i pH and on the soil 
.it.mosphern, and their relation to iron deficiency 
C'hlorosis. 

( e) Ji'rnit Prucessing.-W ork in connexion with the 
drying of sultanas has included studies of-(i) oil 
emulsions for use in the cold-dip process; (ii) bulk hot 
dipping; (iii) substitutes for mineral oil in packing
house treatment; (iv) rotproofing of hessian used in 
fruit drying. This work is described in Chapter XII., 
Section 13. 

(f) Fegelubles.- In co-operation with officers of the 
Division of Plant'Industry, vegetable investigations and 
plant studies have beeu conducted for several years on 
an urea at Red Cliffs. Because of rapid increase in the 
population of the root-knot nematode in the Mildura 
district in recent years, close attention has been given 
to tli is prnblem, especially in connexion with tomatoes. 

I mest.igations since 194S on the control of root-knot 
nematode of the tom a to by soil fumigation with 
"D-D " ( an approximately equal mixture of 1 :3 
dichloropropene and 1 :2 dichloropropane) have beeu 
co111pletcd. It has been shown that the effect of soil 
f11rnigation in control of tl1e nematode is due to reduc
tion in infestation below the level at which yield is 
;iffcctecl. A dosage rnte of 200 lb. of "D-D " per acre 
did 110t achieYc 100 per rent. kill in the initial treat-
111cnt; incl'case in nematode population in the trial area 
was so rapid that further treatment was necessary after 
t·he sc•cond year to avoid significant yield losses of 
tom a toe~. Further findings were that the rate of 
ne:nrntorle population increase was constant and inde
pendent of initial nematode infestation and that the 
time interval necessary between fumigation t reatments 
,ms 11 function of the rate of nematode populatiou 
i11creasc and of the lC\·el of infestation after the first 
fumigation. 

Because of the cxpe11se of soil fumigation, work is 
prncePrl ing witl1 the object of developing a var iety of 
tornato resista nt to root-knot 11ematode and having all 
rlesirable agronomic qualities. Seed of tomato lines 
reported to be resistant nnd to be compatible with 
T,ycopersicon esculen/111n lrns been received from over
seas. 0ro,:Res ha1·p been made with populal' variet.ies 
l11HI tPsts under field conditions on infected areas have 
hren heg1111 reclmt.l;v. Results 80 far are encouraging. 

8tudie$ a rP in progress to determfoe the extent of 
h,vhrid rig;om in the F1 generation of tomato crosses 
"·ith parti cular ref Prence to early ,y ield. total yield, 
fruit size, 1111d quality. Parents considered suitable fo: 
c,ommercial glasshouse culture have been selected for 
crossing. 1011e season's resnlts baYe been obtained anl 
::re in process of statistical examination. 

Investigations have been continued on Lath11rus 
or.hrns. .A. rnpJ.iratfl<l t.ria l to t,est this legume, ne;, to 
the district, against tick beans has been established at 



Red Cliffs. The trial covers two times of sowing, eac~ 
with three seeding rates of the two legumes. In addi
tion, plots under practica~ conditio_ns hav_e been ~stab
lished 011 gro"·ers' properties on vanous s01l types rn the 
district. 

Seed of canaigre (Rmnex hymenosepalus), which has 
Leen su"'n·estcd as a possible source of supply for tannin, 
has bco~'"intro<luced fo1· trial in Australia and a small 
pilot plot has been put in at ~eel 9liffs t? . study j ts 
g rowth l1abits under the local climatic cond1t1011S. 

(g) Largo-scale Dislricl' Problems. - Oo_117mittees 
appointed by Commonll'enlth 01· State autbont1cs c~n
t.iuue to give consideration to l arge-scale district 
pl'oblems iu the Murray irrigation areas. 

Waterlogging and soil sal inity contribute t o a v~r.}'.· 
ing extent to t l1e deterioration of portions of the irn
gatccl land in districts such as Tyntynder and Cohuna. 
and the information assembled Ly investigating a uthori
ties is brought unc.ler rel' iew periodically so that 
methods of dealing witl1 tbe problems can be modific,d 
to the best advan tage. 

Field tri als fo r the purpose of assessing the rom
parati\'C'. production capacit:es of the chief soil types of 
the clistl'ict have been estublisl1cd for some yenrs by 
the Wakool Land Use Committee. The annual r epor t 
of tl1e committee. for the current year presented a 
eomprcl1c11siYe 11cco11nt of obser vations on these plots 
since thei r 'inception. 

3. IRRIGATION Ri,;s.t::AROH STA'L' lO;); (Muu.nul\rn1001::1•: 
IRRIGATION .AnEAs), GRIFFITH, N:i,;w SouTH WALES. 

In addition to studies r elating directly to irrigatioH 
and soil salting, the Research Station at Griffith has 
maj or projects in soil physics, plant physiology, and 
horticultmc. The latter includes a detailed field experi
ment (Farm 466) in ,rhich tree dc,·clopment and yield 
of oranges under various cul tural, irrigatiou, and 
fcr tifo:er practicr~ arc being studied. This experiment 
is at a Yc1·y interesting stage, and the r esearch actiYitie~ 
of the Station arc being focused on i t in an attempt to 
interpret. t,u c more signific1111t initia 1 findings of thc
cxpcriment. 

( (£) Irrigalion.-Changcs in .•oil moisture in citrns 
orchards under differnnt treatments of frequency and 
rnte of irrigation and cultural management are being 
fo1lowcd by frequent sampling on the experimental 
plots. Tl1is \\·i11 enable infor mation to be obtained 011 
tbe r elationship of the state of moisture stress or 
abundance in the soil on the one hand and tree health, 
rate of fruit de,·elopmcnt. and general tree responses 
on the other . 

In addition, winter 1rnte1· rcquirrments of or chards 
a1·e being determined. 

(b) Druinagc.-Watcrloggi11g 11ud salting of soils in 
semi-arid and arid regions usually accompany their 
irrigatio11, and these probleJUs are fafrl.v widesprend ou 
the M urrumbidgee Irrigation ~\.reas. Methods of in
vestigation and control have been determined largely 
by whether 01· not artificial nndcr-d rainuge has been 

·possible. 
Drainability studies to determine the best depth 

and spacing for t ile drnins have been carried out on 
most .•oil types lia ble to watcl'-logging and salting. 
Results from these studies have been applied in laying 
down 0110 farm-size tile-drainage trial, where a close 
check is kept on the h oalth and yield of the pla.ntings, 
and on the changes in the salt content of the soil and 
drainage water. The effect of the tile-clrninage system 
on the general water- table fluctua tio11s is also watched. 
Ench year the dr ainage system removes large quantities 
of excess water and sol uble salts, and after t wo years' 
operation it appears to hnl'e arrested the downward 
trend in pli:mt' health. A seconcl fa rm-size t ile drain 

·i s being i11stalled this winter. 
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Pumping from wells or bores located in pervious 
s trata offers an alternative method of undel'-drainage. 
Techniques which l1ave a bearing on this method ai-e 
being tested where soil and geological conditions appear 
to be suitable. 

An important theoretica1 problem is the path which 
tl1e soluble salts, particularly sodium chloride, take 
ll'hea they rise to the soil surface, and thereby destroy 
plant life. In an attempt to solve this problem, ttse 
is being made of a radioacti,·e isotope of sodium. The 
solution of this theoretical question is expected to 
assis t the design of control measures. 

(c ) Ohe1n'islry.- 1'he work on salt injury to citrns 
ha.s now been concluded. 

An imestigation has been begun on the effect of 
irrigation and cultivation treatments on the plant 
n11trie11t status of local soils. N itrate and ammonia 
determinations have bee11 made on soil samples taken 
at different depths, and laboratory soil ui tri.ficatiou 
studies have been cani ed out. Initially this work is 
to be centred upon the citrns field experiment (Farm 
,rnG) already mentioned. 

(d,) Jioil PhJ;c;ics.- The Soil P hysic:s Section is work
ing on soil structure problems associated with the con
di tions imposed on the soil by irrigation. The metl1ods 
for llleasuring soil structure ha,·e been investigated and 
a procedure has been deYcloped which facilitates 
l'Ou tine structure analyses of soils. The measurement 
of structure stability is reeei ving special attention 
because of the coJ1fusion existing in that field. Struc
tul'C stability as dctc1·mined by sever al methods is beu1g 
pxamincd in relation to soil clay and organic matter 
eon tent. 

The effect of 1·ccouditioniug treatments on soil struc
ture, for example the growing of certain crops, has 
hccn mcn~urcd, and glasshouse and field experiments 
cJl'C: now beu1g used to determine the effect of these 
ncll' strncture states on the growth of economic crops. 

l nvestigations arc also being carried out to determine 
the rcfatio1vbips betll'ccn the various soil properties, 
and_ the r esistaucl: of thr soil to the packing forces of 
agncnltural rnachmery. At the same time the creation 
of still more stable aggregation by com.pressive forces 
is being irffcstiga ted witl1 a view to irnprovin" the 
process of soil cultivation. "' 

( e) JI ortic11lt-ure.-In the factorial field e:qleriu1ent 
(Far m 4~6) there arc 110 m~j or ch~nges in the yield 
data. Ot tlic cultnr~I p1·11ct1ces bemg tested, the oil 
.spray t reatment contmues to produces healthier trees 
and bette.r yields than all othus, but within the treat
ment there arc ii1dications t hat nitroo·en js now in 
sl1ort suppl,y where the fertilizer is ; i thhcld . The 
scvel'e depression of g ro·,l'th in the weeds-mown treat
n1ent is J101:· consid~rably alleviated where sufficiently 
heavy clressm gs of mtrogen have been applied. The r e
maining two cultmal tr eatments, both of which include 
sum1;11er clean ,cultivation, contin~e to show no response 
to n_1trogen: Tree health and yields are good. Infor
m'.1t10n wh1d1 may lead to the il1terpretatio11 of these 
effec~ of cultur~l trea~men t is being sought by the 
teclnuques of sot! physics a11d soil chernistry and by 
leaf analysis . · 

Tu the work on the r econd itionino· of old orchard 
hrnd, four methods of 1·econditioni11g arc beino- com
pa.!·cd_. These _we\c ~aid down in old })each la~d and 
old Yme land m .c.}4:, . In the sprin"' of 1950 the old 
pearh ,land was r?pl~ntcd with peacbe3, and the :fir.st 
ec11s0~ s gro~vth 1~~cl1ca,te_s that_ the treatmeuts have 
had l!.ttle efl~ct. ~ ere 1s a . w1do variation iu health 
amon"' the t1ees 01 the young 01·chard, ho1Yever, and 
the area~ of poor heal_th closel:Y' f?llow the l)attern of 
unhealthiness and dy111g-out md1cated in an aerial 
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photograph of the original planting. Some work is 
being done to seek reasons fo r the poor health of the 
young trees. 

The Mu1Turubidgee Irrigation Areas are mar~inal 
with respect to the hazard of frost damage to citrus, 
and the work witl1 wind machines is being continued. 
A horizontal-axis machine embracing two 40 horse
power motors lias bceu i11stalled in a citrus grove, but 
satisfactory testing cannot be completed u!ltil damaging 
frosts arc experienced. Preliminary tna]s, however, 
give confidence that the machine will give .some pro-
tection to a relatively large area of t rees. . 

These investigations are being conducted in conJnnc
tion with the Section of :Meteorological Physics, and 
further details a1·c given i n Obapte1· XXVTT., 
Section 5. 

(f) V egelables.-Rcccnt attention has been focused 
almost exclusively on the nutrient requirements of the 
main vegetable crops of the Are,L'3. The nutrie1lt 
most commouly deficient is nitrogen. Avai lable forms 
of thi.s clement are estremcl,y mobile and supplies to 
the crop are difficult to maintain. The conditions 
under which the land is held prior to planting have 
been found to be most important in determining the 
nitrogen-supplying powers of soil. . 

The accumulation of phospbatic fertilizer residues 
has been further studied. A survey of horticultural 
farms was carried out to determine whether phospbatic 
residues Lave accnmnlated extensi\·ely throughout the 
Areas, and to ascertain the degree of association of 
citrus "mottle-leaf " and high phosphate status of the 
soil. Many farms were found to liave blocks requiring 
no further phospbn tic fertilizer, a result of generous 
dressings in the past. The severity of "mottle-leaf" 
(induced zinc deficiency) was found to increase gener
ally with the available phosphate level of the soil, but 
the relationship was not clear-cut. 

A quick test for available pl.iosphorus suitable fo r 
field use was developed and related to standard labora
tor,y methods. 

The movement of appl ied phosphorns in columns of 
soil bas been studied in the laboratory, and important 
infl uencing- factors were .0 l10wn to be the rate of appli
cation, the t_ype of soil, and its physical condition. 

The main soy-bean tri,il conducted on behalf of the 
Section of Pla11t Introduction failed to germinate 
satisfactorily under wet con<litions this year . H owever, 
a subscgucut qstahlishmcnt trial threw some light on 
several factors afft'cting germination of soy-bean seed. 
The e-ftcct of .sowing depth and seed disinfection var ied 
with the soil moisture levels in the pre-emergence 
period. 

(g) Plant Physiology.-The plant physiology section 
has continued its work on soil fertility and plant water 
relations, and a project involving foliar analysis of 
citrus from Farm 466 has becu star ted. 

(i) Soil Fei·tility.-This work is mainly concerned 
with the effects of rice hull, as an organic soil amend
ment on the growth of field crops. Three distinct 
types of plant respo11se to this organic fertil izer are 
now recognized, viz. an adverse effect on germination, 
a setback in seedling growth, nncl a subsequent stimula
tion of g rowth such tlwt the final yield exceeds that 
of the control. 

Adverse effecbi of organic fer tilizers on growth, 
especially in early stages, have been reported frequently, 
and the usual interpretation is that, in the course of 
microbial decomposition of the organic matter, there 
tends to develop an acute competition for soil nitrogen 
and a consequent setback to plant growth. Analysis 
of tl1e growth of tomato seedlings week by week, 
however, suggests that this condition develops only some 
weeks a fter sowing, presumably a fter seed reserves of 
nitrogen have been exh austed. 

A still earlier ad verse effect of rice hulls is due 
to a delay in germination and possibly also in early 
establishment. 

The ·earlier indications that the subsequent stimula
tion .of g rowth of plots treated with rice hulls is due to 
an increased intake of pho.,phorus have been confirmed 
by chemical analysis of plant samples from the experi
mental plots. 

(ii) Pln,nt Waler Belations.-Progress has been 
made in the stud_y of the effects of light and severe 
wilting treatme11ts on the growth of individual leaves, 
stems, and roots of the tomato plant and the statistical 
treatment of the weight data from two such e:qieriments 
is now complete. 

The nitrogen data of the .first experiment show that 
treatment has greatly affected the distribution of this 
element throughout the plant. Of special interest is 
tl1e fact that lenves which had completed t1!.eir develop
ment when they were subjected to a period of wilt 
responded differently to treatment from leaves which 
were developing rapidly -at that time. In general, 
it may he .•aid tliat the intake of 11itrogen by the 
plant was interrupted by the wilting treatment, but 
·that two weeks later these plants contained as much 
nitrogen as the control plants, nnd the percentage 
C'Ontent was greater than in the controls. 

(iii ) Foliar Anctl1181s.-Citrus leaf samples are being 
c:ollreted at six-m,-,nthly i11tern1ls (three occ-asions) 
from 256 of the te2t trees of Farm 466. These samples 
are to lJo analysed for several nutrient elements by 
rapid colol'imetric procednres. It is believed that this 
ehemiral servey of a complex factorial experiment will 
a~sist in the interpretation of the considerable effects 
of the four cultural treatments and their interactions 
with the level of nitrogen supplied as sulphate of 
ammonia. 

V. 1\.NIM:AL HEALTH AND PRODTTOTION. 

1. GENERAL. 

Research into p roblems of animal health and produc
tion and studies in the sciences yielding knowledge 
basic to investigation of problems within the animal 
industry of Australia have contiJrned to form an 
important par t of the Or~anization's activities. Thls 
work is undertaken within the Divisio·n of .Animal 
Health and Pl'oduction, which has its administrativ<> 
head-quarters in :M" elhourne, Victor ia. 

Di'l•ision of Animal H ealth o;ncl Proditction.-The 
major activities of the Di,1ision have been, as in the 
past, concerned wi th problems of the sheep 11.nd cattle 
industries, but poultry -breeding has recei ved consider
able attention. A general outline of the programme 
of work is given in this chapter and in addition some of 
the results obtaine<l from sheen and wool investigation~ 
:no mentioned in Chapter VII. Sections 3, 5-7, 9, and 
12-J9, nnd those from cattle imrestigations in Chapter 
VIII.. Sections 2, 3, 5, and 6. 

Go-operative ·.1·ork with other Divisions and with 
~omc of the Departments of ~\griculture and thn 
Universities in the several States and Federal T erri
tories has continued to play an important part in th~ 
nctivities of the Division. 

The prngramme of work carried out at the main 
research centres of the Division is set out below. 

2. ANDt.\T, HE.\T.TH RESEARCH T,ABORATORY. 

MELilOURNE, 

( n) Pleitro7nieumo-nia of Oattle.-Researrh has b~en 
co11ti1rned on this disease and a prophylactic vaccmP, 
for use in the industry bas been produced ( see Chapter 
VUT., Section 2 (a.)) . 

(l,) Tnberm1lo.,is of Oattle.-A limited amount of 
work only has been carried out durinp: the year (see 
Chaptel' VIII., Section 2 (b)) . 
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((;) Mastitis in Dairy Oa/.tle.-Research has con
tiirned on this disease (see Chapter VIII., Section 
2 (c)). 

(d) Haernaluria vesical·is of Oatlle.-Research has 
continued in t,he laboratory on this problem (see 
Chapter VIII., Section 2 (e)) . 

( e) Anaplcisrna centrale.-The strain of -'l. cenlral,: 
was maintniued in a viable condition for at least 73D 
days at -80° C. when last tested (see Chapter VIII., 
Section 2 (f)) . 

(f) Br11cellosis of Gattle.-D uring the year an 
experiment on the comparative value of Lail and sub
cutaneous inoculation of strain 19 vaccine was completed 
along with intensive studies on th e disease (.~ee 
Chapter VIII., Section 2 (d) ). 

(g) Physiology of Nill~ JJrod'!tction.-The inhibition 
of milk secretion by the development of pressure within 
the udder has been under study. The de1relopment o{ 
suitable techniques has proved difficult. .Although pro
gress has been made, the difficulties have not been 
fully overcome. Progress was made in the collection 
of sets of identical twin heifers fo r experimeuta1 
animals. By the end of the year ele11en sets had been 
collected. 

(h ) Gaseous lAJrnphadenitis of Sheep.-The experi
ments mentioned in previous reports have been con
tinued (see Chapter VU., Section Hi (a)) . 

(i) "Toxaemic Jam1dice" of Sheep.- The co-opera
tive investigation of heliotrope poisonincr and chronic 
eopper poisoning of sheep has been c~ntinucd (sre 
Chapter VIL, Section 15 (b)) . 

(.i) Tax-icily of Wheat for Livestock- The experi
men ts have been continued (see Chapter VII. Sectio11 
7). ' 

(le) Physiology of R.eproditclion in Sheep.-
Rese~rch _on sPrnral aspects of the physiology of rcprn
duct1011 111 sheep has hcen continued (seP. Chapter 
VII., Section 12). 

(l) 11!-icrobiological Chcmislry.-Durin"' th0 vear 
d

• o v 
stu ics were completed on the strain of Lactobacilh1,s. 
Preliminary exp~riments were canied out on Jndi,qofera, 
ennllaphylla, which had been shown by experiments in 
the Northern Tenitory and Queensland to cause 
Birclsville disease of horses. The results of the experi
inen ts showed that the plant does not produce disease 
as a result of an antitbiamin effect. A major study of 
the nutrition and metabolism of the rnicro-orga1;ism 
which causes pleuropneumonia of rattle was begun 
during- the year. ' 

3. Mc}.1:As'rER ANIMAL H E ALTH L\DoRATORY, SYDNEY. 

(a) Parusitological ln-vesti,qations on lnlernal 
Paras-ites.-Studies on anthelmintics were continue<l 
an_d ~xtended to i_nclucle additio~al work on pheno
!h1azm~; ob_servations on the epidemiology of worm 
m_festat1011s m sheep were commenced in co-operation 
with the D epartments of Agriculture in Western 
Australia ,and Tasmania ; studies on resistance and 
immunity to worm infestations were continued and 
further progress has been made (see Chapter VII., 
Section 16). 

(b) External P a1·asites of Sheep.-Some estimations 
have been made of the quantity of insecticide recover
a,ble from the fleece after sprayincr and " foo-aing" 
and some additional observatioiis ;'ere made ~~1 the 
control of ectoparasites by insect.icidal fogs (see 
Chapter VII., Section 17). 

( c) Blowfly Strike Problem.-Several field trials 
were ca-rried out, involving some 8,000 sheep, but 11r, 

conclusive r esults were obtained because blowflies wcrr 
relatively inactive ( see ,Chapter VII., Section 18). 

( d) P arasite Physiology and Toxicology.-'I'hi~ 
work has been continued and some useful progress has 
been made (see Chapter V'II., Section 16 (d)). 

(e) 1\'11/rilio•n 8/·11dies.-Addi tional stu<lies have 
been made on digesti ve p rocesses in the ru10en, the 
1nechanics of drought feeding of sheep, and Lhe effects of 
nutrition on the breeding performance of 1\Ierino ewes; 
f'u1-th er data hnve been collected covering stall-feeding 
of bi>ef cattle (see Chapter VIL, Sections 3 irnd 6, 
and Chapter VIII., Section 6 (c) ) . 

(f) B1'ocl11Jmical Sfodil's.-Studies on carbohydrate 
mctabolicrn in rnminants hil\·e been extended to include 
rnnsicforntion of the eifocts of dietary variations on the 
production imd absorption of the products of ruminal 
d igestion (sec Chapter VlI., Section 5) . 

(g) P l1ysiology of Reproduc/-ion.- Detailed obser
rntions on the mechani~ms of fert i lization and early 
i'il'g111entntion of t.he ovulll have been continued and 
extended to includP ltistorhrmical studies (see Chapter 
VU., Section 12). 

(h) Section of 1lfotltc1nafical Statistics.-The 
oflicrr s of thi~ Section who are attached to the Division 
are housed at the McUastr1· L aboratory. They have 
ro11 tin11ecl to play an acti ve and most valuable part in 
the planning of experimrnts and in the analyses and 
interpretation of rnsnlts. The Senior R e.0 earch O:flicer
in0Charge of this work is n member of se1,r,ral of t he 
research teams, including those conducting the sheep
breed ing trials 1111d the strnin trials within the Division. 
The resul ts of some of the \\'Ork are incorporated in t he 
out line of work g iven in ('hapter VII., Srctions 13 (d) 
and 19 (b ). 

4. VwrnruNAUY PARASI TOLOGY LABORATORY, 
y F:r:RONGPJJ.f.Y. Q aEENSLAND, 

The V etrrinnry Parasitology Laboratory of the 
Division of Animal Health and Production was est ab
lished at Y eerongpilly, B risbane, in 194.8 to undertake 
investigations into pa rasi tes affecting li;,estock, parti
cularly those of importance in Queensland. The labora
tory also accommodates some officers of the Division 
of Entomology who are engaged in investigations int o 
the bionomics and control of the cattle tick, Boovhilus 
rnicropl11s. Close co-operation with the S tate D epart
ment of Agriculture and Stock in all r esearch problems 
ii'i maintained and is assisted by tl1e Joint Veterinary 
Parasitology Committee (Queensl and) . The r esearch 
p1·ogramme of tlie officers of the Division of Animal 
H ealth flnd Production has included the following 
~tndies clm·ing the year. 

( n) Epidern1:olorm of Parasiti('. Gasfro-rnterifis of 
r'otfle,- These stucli.:f;, commenced three year s ago, are 
heing continued in co-operntion wit h tl1e D epartment of 
Agriculture and Rtock (MP. Chapter VITI., Srction 
3 (a)). 

(11) Farcal Examination as a Measme of Helrninfh 
Tnfesfafio11 in Oatffo.-Ftll't.her progress has been made 
in these investigations, particu1arly in relation to the 
inflnenre of the growth of the h ost and the incrPasing 
f11ecal outpu t on the e,gg p r oduction of helminth 
populations (see Chapter VIII., Section 3 (b)) . 

( c) Shulies on Li1,er Flidce.-Studies have been 
rontiuued on this fluke in cattle in Queensland and 
information bas been obtained on i ts incidence and 
distribution . ObsPrva.tions h ave also hren m ade on 
tl1is parnsitr in South Austr alia. with pflrticular 
referenrr to its mail intPrmediate h ost ( u,, Chapte1· 
VTTT., Section 3 (c) ) . 

(ii) S'11dir,~ on Amph,;sfnmP Flulces of OaftlP..
Stnrli<>s on tl1r iflrntifiration 0f the speciei of amphi
~tomes 11:1festing . rattlP have bePn rompleted anrl the 
111format1on obtmnPd hac:. nrlded Mn~iderabl v t o know
lerlirP 011 t!1P lifr ":vrl~s and C'COnomie im11ortanrr of th" 
l'('ST)C'ctive ~1~eeies (.~Pe Chapter vrn .. Sert.ion 3 (I')) . 

( P) Sf'.11d'. rs 011 Mef71od,~ of Ad-mi11isfraNnn of 
A ntltelnn11fir,~ fo (,'offlP-.- Ph:v~iolog ira l studir~ on 
~ethoch to enRnrr thr clireet pas~age of nnthelmintir~ 
mto th P nl)Omnsnm of cnttfo have heen eontinnPcl. 
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(!) W onn N oilult>.s ( Onchocerca gibsoni) ·in Oallle. 
-J!'urtlter work on this parasite caunot be atte.1.nvteJ 
until the insectary, which is provided for, becomes 
available. 

(g) Studies of Hydatid Disease of Oattle i11_ Q·ueens
lctnd.-These .studies have been contmued and rnforma
t.ion has been obtained on the incidence a1Hl distribution 
of the disease ( see Cha ptcr VITI., Section 3 ( d)) • 

(h) Oontrol of Body Slrike in Sheev.-In co
operation \\'ith the Division of Entomology and the 
Department of Agriculture and Stock, fu r ther field 
tl'ials with DDT and BRO for the control of body 
strike in sheep were eanied out (see Chapter V Il, 
Section 18). 

(i) "Q11eensland Ilch " of ]Iorses.-Tlie dist~ibu
tion o( " (~uecnsland itch " in Queensland shows it to 
lie confined to that pa rt of the State east of a line 
t.hrouo·h Cunnamnlla Longreach, and Hughend011. 

" ' ~ • 1. ·1 Considerable progress has bccu made rn to tDC etio og_y 
of tl1 is disease and the c\'ideuce obtained strongly strp
ports the hypothesis that the ro11<lit ion i~ associate<l 
with byperscmsitivity to the hitcs of sandfh es (l'erat.o
pogo1!idac) . One species of C'l/licnitles, ~t pres~nt 
unnamed, is especially co1_1cerued : it )rns a d1st,n~uh?n 
similar to that of tl1e disease and is coi1tlned m its 
attack to the r co-ions of the body on which the lesions 
occur. Susceptible horses co11fined in an inscctary 
duri1w tlrn l1ours 4 p.m. to 7 a .m . do not contract the 
di seas~. Affected horses reco,·pr in four to six weeks 
when treated i11 this manner and relap~e when relea$ccl. 
Sll'pporting cvide11ce is given by the blood-his~amine 
picture : susceptible horses after enclosure 111 the 
insectary sl10w no rise in blood ~1istami1~c, but expos_urc 
to night-biting sandflies immediately gives _the typical 
reactions previously rE>portcd. Encourap;mg res~lts 
have been obtained by treating- aff<>etcd horses with 
histamine azoprotein. Protection of the animal by 
rco-ular s1Havino- with DDT is bcine: im·estigated. 

" J ., • ~I . . 
(j) Si11dies on 'l'icl.; 1'0:i;w-s.- nvest1gat1ons are 

bein" continnccl to ascertain ,l'l1cther or not a cross 
im.m~t11ity c,111 he ohtained with the toxins present in 
the eggs' of s\ ustra lian species of Ixodid ticks .. The 
possibility is being explored of the scrum from ann~als 
immuni?.cd ao-ainst the toxin in the egg of Boophil11s 
m·icropliis be~1g of Yalue agu~nst _t ick paralysis caused 
by Ixodcs holocyclus. I1~vest1;gatio11s have ~hown that 
guinea pigs may be rcach ly killed by . enn~ls1?ns of the 
eggs of I . h ~locyclns, H aema.physal1-s 7Hs~inosa, and 
Rooph1ilns 1ri1-cro7Jlns. There was some evidence that 
with the e"'o-s of R . 1nicropl11s, on which most work has 
heeu do11e,"';n immnnity may be est11.blisl1C'd in animals 
bv o-frino· them o-raded closes. It appears, howenr, that 
.; 

0 
::, "' h · · l d ' I the toxin in the cgcrs of t ese species, me n mg . 

l1olocycl11s, may not be identical with the toxin caus
ing tick paralysis, because paralysis did not occur 
in any of the experimental animals. 

(le) St11dies on the Taxonorny of the Jxodid Gem1s 
,lponornma.-Spe~ies of Apo1101n~a are n?l'Jllally 
found in Australia on several species of reptiles, on 
the spiny ant-enter, and on the wombat. Occasionally, 
however specimens are encountered on livestock. Con
siderabl~ difficulty ii1 the i.denti£cation of these species 
has been encountered, as only the original descriptions 
are available. A revision of tho genns showed nine 
3pecies to be prc$cnt in Australia, tlnee of which arc 
regarded as new. 

5. F. D. l\ifo:MAsT1m FtELD STA'l'ION, BAooi,:u.Y"s On.BER . 
NEw Soun{ WALES. 

The work of the Station has heen largely devot<>d to 
the development of hybrid dairy cattle based on Zebu 
c·rosses with British breeds. Tl1e breeding studies 011 
sheep bavc also been continued. 
· (a) Stud11 of Tnbred Flocks of A11strnlicm Merinos. 
-Ser (1haJ)tCr vn., 8ectio11 13 (n) . 

(/;) Slucly of lhe lnheril,mce of Oomponent Fleece 
l,'ha1·adc1·,islics.-i::Jce Clrnptcr VU., Section 13 (b). 

( c) Study of the Inheritance of "Hairiness" and 
"Fliif}'y-tiv" in Sheep.-See Chapter VIL, Section 
13 (c:J . 

( d) Studies on " Fleece Rot". - See Chapter VII., 
Section 15 (d). 

(e) Study of Hybrid Dairy Jferd.-Sec Chapter 
VIII., Section 5. 

ti . Woor. l3tOLOOY SECTION, SYDNEY. 

(n) l-'0111zmrali-ve Stud,,ics of Breeds of 8heev : An 
H.rverimenlal Sludy.-The experiment to study 
lvforino, Ooniedale, Polwartb, and Lincoln breeds was 
continued (see Ohrnptcr VII., Section 14 (a)) . 

(b) ComparaliwJ Studies of Breeds of Sheep : F1',eld 
SI 11dies of the Skin and Fleece.-The systematic 
~t,11d ies l1a rn hcen c:ontinued (see Chapter VII.. Section 
J-1- (b)) . 

(c) .:ln A nalysi-.s of Skin and Ji'leece Oharaclers in 
fJll'e l'rogeny of Top Sires in an Austraw:an Stud.
This stn<iy has been conti1med (see Chapter VII., 
Section 14 ( c)) . 

( d) Rxper·im en/al H i,stology of Skin and Hair 
Urowlh : 1'he A nal.1Jsis of II air-follicle TyzJes in TisstLe 
('111/ure.-.\ ti~~ue-cnlture unit has been established in 
the Section and a study of two follicle types by the 
culture technique was begun (see Chapter VII., 
Section 14! (d) ). 

(<') Experimenlal Ilisfology of Slt:im, and IIair: 
l-lniri/1:onal Requirements for Ifair Growth in Tissue 
('111/w·e.-Tltese 1mtritional studies were also started 
by t.l1e us(' of the tissue-culture technique (see Chapter 
VTI., Section 14 (e)) . 

7. REGIONAL PASTOR.\f, CENTRE AND L ABORA.TORY, 

A11J11ID.\LE, NEw Sou·rH W ALES. 

The co-operative work of several Divisions of the 
Organization and the Department of Agriculture of 
New South Walc,s at this Centre has been continued 
but has befm bamperC'cl by lack of progress in the 
establishmen.t of laboratory and housing facilities. 
Nc,·ertheless, work on plants and animals bas been 
carried out. The rcsearC'.b programme of the D ivision 
of Animal Health and P roduction during the year 
mis as follows :-

(a) Field Tni•esfigalions of the Control of Body 
Sh'ilre i.n Sheep. See Chapter VII., Section 18 (a) . 

(b) Blowfl,y 8trik·e in Sheep: Studies on Lamb
m.arl.·ing Dressings. See Cha-pter VII., .Section 18 (b) . 

(c) Stitely of Strains of Merino S heep in Several 
lfo1,iron1ne11ts.-The cm•ironment of the "Ohiswick " 
Field Station is bei11g used as one of three environments 
for the study (sre Chapter VII., Section 13 (e)). 

(d) Studies on Neo-11atril ilfortality in Lambs. See 
~hapter VII., Section 19 (a) . 

( e) The EfFecls of Grazing lifonagernent on Pasture 
and A nirnal Production.-T his co-operative investiga
tion with the Division of P l ant Industry has been 
continued (see Chapter III., Section 13 (a), and 
Ob apter VII., .Section 19 ( e) 

(f) fotemal Parasites of Sheep. See Chapter VII., 
Section 16. 

(g) Winier F'eerling of Wea11e1·s.-In 1950, the 
body-weight gains and worm bmclen of weaners enter
ing the winter in "poor" and "store" condition, 
grazing on improved 1pastures wc1·e compared. Tbe 
we1rners in poor condition made greater body-weight 
gains than those in store condition. Worm burden iu 
lioth groups was low. 

(h) Studies on 11ninwl Behavioitr.- These studies 
have been c011tinued. It has been found that sheep in 
e;;.'"])eriments with a flock size of two spend more time 
in walking and less time in feeding than sheep in 
larger flock sizes. 
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(i) "Siag,geri, ,. in Shecp.-During the year au out
break of "staggers" occurred in sheep grazing a 
phalaris-clover ·pasture. A trial 11·as designed to eluci
date the factor,- associated with this type of dis
turbance, whicb is sometimes ohserv<'rl in pn~tnres 
contnining Phcilaris tuberosa,. 

8. NATCONAL Frnr,n STATION, "Gu,uunr Pr,Arxs .,, 
Q uEENSLAJ\D. 

The secon<l half of 1050 continued wet and mild 
and by December no less than 31.1 inches of rain had 
been received, making the yea1· .the wettest on record: 
the mean annual rainfall for the Cunuamulla district 
is 14.1 inches. HoweYer. the second half of the 
1950-51 period has been extremely. dry, as only 3.10 
inches of rain hnrn been recorded since the middle of 
November, 1950. Temperatures during the summer of 
1950-51 were ,·cry high and tl1e excellent feed of late 
I 950 dried off completely. Blue grass (Dichanthium 
sericeimi) thied completely and the Mitchell grnssos 
(A.streblet spp.) showed their r eal value as a drought
resisting species. Seedling Mulga (Acacia aneura), 
which germinated and grew so well during tl1e last 
four fa,orable years, has been ·providing much fodder 
for the sheep. With the exception of some old experi
mental owes, n 11 stock hns remained in surprisingly 
good condition. 

A short but intense "·a,·c of blowfly body-strike wn,; 
cxpel'iencecl in tl1c early .5ummer months and up to 
2-3 pcir cent. of ~ome flocks became affected. Crutch 
strike was en ti rely absent and, although serious 
111ortnlities were prevented, loss of wool wns ap,pre
ciablP. In view of this se,·erc blowfly strike prior to 
nnd during lamb marking a percentage of 81.0 lambs 
from 2,9l!l breeding ewes 11·11s satisfactory. At shenr
ing in early April. returns of wool per head were low 
but this is dirt"!ctly att.rilmtahlc to loss of wool through 
fly strike and the high proportion of aged experimental 
ewes. 

The va rioni, ~heap-breeding trials ha vc progressed 
satisfactorily. The major project-breeding system3 
iuvestigatio11s-is now in its fifth year and much 
valuable information is being obtained. The second 
project-strain trial-mo"ed into its second phase in 
1951 with the mntil1g of the F 1 generation. Many 
interesting and valuable results are now becoming 
arnilnble. The top cross trial "as resumed again in 
19;,1 with the mnti1!g of ten inbred rams to flock 
ell'eS. Becnusc of limited facilities tl1is trial will be 
transferred to Dcn iliquin (sec Ohnpter VIL, Sec
tion 13). 

Investigations into lnmb mortality ha,·e continued 
and there is 1111 increasing 11mou11t of evidence that 
lamb los;;es betwee11 bir th and marlcing a r e considerably 
greater than has been gcnera1ly appreciated. A.ttcn
tion here has been directed towards an accurate dis
section of the ca uses of mortn 1 i ty and the resu Its sug
gest that at least one form-dwarfedness-ma.y he a 
simplo 1·ecessivc character transmitted by the sire. 
Observations during 1950 indicat.ed that the mortality 
of lambs during the first six weeks of l ife was about 
20 per cent. Once again it wns observed that a high 
·proportion of these losses wrre of multiple bir th. 

The two main projects of the Division of Plant 
Industry at "Gilruth Plains "-gra:>:ing management 
and pasture regeneration studies-were continued. 
Tbesc- trinls arc now in their fifth year of operation 
and they will roach finality in October. 1951 (see 
Chapter III., Section 15). 

9. F r.RF.OF. ANAT.Ys1s LAnoRATORY, CrrEsTEn Hrtr,, 
NEw SouTrr WALF.S. 

Thh lahoratory continued t o cany out the large 
number of physical measurements on the fleece of 
sheep thnt were required in the experimental biological 

ll'ork of the Division of Animal H ealth and Production. 
fnrcstigationul work was nlso canicd out. Work has 
been carried out for the 1V' ool Measurement Lab:<>ratory 
of the X ew Sou tit Wales Department of Agnculture 
ll'hicl.l is situntcd at Trangie. Later the laboratory at 
Trnngic came into operation and was able to undertake 
all hut a small portion of the work. 

Dlu·ino- the year 20 864 measurements were made, 
~ ' ' di including scouring tests, measurements of _mea_n a-

meter by cast and by slide technique, determmat10~ of 
density of :6.bl'e population,. a_.nd measurements of cnmp 
:rnd staple length . In ndd1tion, 4~ measurements_ were 
made of cattle hair for length/diameter a~aly~ts, 36 
for wax and sui.nt and 179 for the dctermmnt1on of 
weight pel' unit a:.ea. The techniques remained v~'r! 
much the same as last year. The laboratory _partici
pated in flll'ther inter-laboratory tests orgamzed ~y 
the American Society of Testing Materials ~nd, as m 
the previous year's tests, the results obtained were 
1·c1·y satisfactory. 

Invc>stigational work wa~ contin~1ed . _Me~hods _of 
diameter measnremenL were under mvest1gation with 
u ,·iew to. the development of a more rapid one. 
Methods of measurement of surface al'ea of the skin 
of sheep wore investigated. Further work on length 
annlysis of snmplcs by the automatic length analys_er 
and on "gating circuits" was carried out and satts
factory results were obtained. A start was made on 
tl10 determination of tho factors affecting the efficiency 
of the drying of scoured wool by air bl asts, partly 
with a ricw to the dc,·clopment of n quicker and more 
efficient 01·en for drying the wool samples. The work 
11·a~ n lso designed to pl'ovide some basic information 
!'or drier.~ in woollen mills a~ well as to secure experience 
in hcat-trnnsfcr measurement,s in wool and fleece. 
_\ preliminary study of the character of "softness " of 
handle was started. Out of many samples of wool, of 
the same moan fibre diameter, a few were found which 
wC'l'e g raded differently fot· handle fairly consistently. 
These samples were selected for further detailed study. 
.\. start was made in collecting equipment and 4i 
de,·eloping techniques for the investigation of heat and 
moisture transfer through the lfre fleece under various 
cnvironmentnl ronditions. 

10. Pour.TRY RF.sF.AlWH 0EN1'RE, W F.RRIDEE, VIOTOR.U. 

Furtlicl' JH'O~rcss was made dul'ing the year in the 
rlcrclopmcnt of the Poultt·y Research Centre at the 
Divi~ion's Fiolcl Station, Wcrribee, Victoria. The addi
tion of a trapnest. house and a grain silo will complete 
the building programme. The housing accommodation 
has been brought to n ca pa city for n flock of 4,428 
birds. Tho experimental flock ou 1st ~[ay, 1951, had 
hecn increasecl to 3,077 female and 320 male birds. 
Tho pi·ogrannnr of resca rch work hn.s remained un
n ltcrc><l and steady progres~ has been made. 

(a) Investigation of Breeding Systems.-The filth 
gt>ncl'ation wa$ hatched in 1950. The annual records 
of the hirds hatched in 1949 (D series) have been 
nnnlysed. 131'icfly, the results Lavo show11 : (i) that 
cro~sl11·e<l pullet~ from Leghorn and .A.nstralorp breeds 
produced -~wo dozen eggs more than their better parent
hrc-c-d; (u) that a three-way cross gave the same good 
rc-sults as the simple cross; ( iii) that outstanding 
results were obtained with a backc1·oss to a Leghorn 
u;nl~ from Austrnlm:p x Leghorn dnnts; (iY) that some 
stgmficaut progress m egg production wns made within 
the three groups in which selection was based on 
progeny testing; ( ,. ) that phenotypic selection based on 
confo:·mntion <lid not improve egg production; (vi) that 
solcct10n c~n bo based on partial winter records; (vii) 
that sclecho11 fol' ~a_rly maturity or intensity of laying 
~eems more prom1smg than selection for absence of 
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winter pa use; an<l (viii) that in breeding up to a co
efficient of in breeding of 40 per cent. has not produced 
any harmful effects in the flock of White Legl~orns. 

(b) Physiology of Reproduction and ~nhcritance _of 
F'ecwn,dity.-Some progress was made with the mam
tenancc of fe rtilizing capacity of stored semen by 
centrifuging it and suspending the sperm in T yrode 
solu tions for insem.inatio11s. Experiments showed that 
the plasma of the semen can be substituted by Tyrode 
solution without impairing fertilizing capacity. Intra
pcritonca l insemination showed that infertili ty in some 
females is caused by conditions in the oviduct prevent
ing sper m from reaching the onim. The bacterial £01:a 
of semen was studied and t he rla~s of the hactena 
determined . A study was started on the effect of light 
intensity on egg production, as encountered in differnnt 
positions of laying cages in the battery houses. 

(c) Biometrical Method for 111ea.s1trvng Performance. 
-The study mentioner] in tl1c pro1·ious Report was 
extended and r evised. 

(d) Inherif:ance of Oharacters.-The results of the 
study mentioned in the previous Report were prepared 
for puhlicntion . 

11. OTHJ::R lNVES'l'WATlONS. 

(a) fovestigation of Beef Prod11.ction in 1fostralia. 
-(i) S1m1ey of Beef Oaf.tle Prod11ction.-This survey 
wns completed (sec Cha pter VIII., Section 6 (a) ). 

( ii) , 'h!dies on (,he Bo·vine Shn.-These studies 
ll'ere continued (sec Cb apter VIII., Section 6 (b) ). 

(b) S·nr1•ey of F'·ine Wool Proclur/ ion.-Thc sur vey 
was continued but \\·as intenupted for a period during 
ihc 1111tnmn months (see Olrnptc1· VTT., Section 19 (c)). 

VT. NUTHITION. 
1. G1rnEnAL. 

The Organization's work in the field of general 
nutrition is largely devoted to studies of the nutr itional 
physiology of the nnnin::int, and more especially to 
the nutrition of sheep and to the in.fluence of nu trition 
on wool productiou. The experimental investigations 
are conducted by the Division of Biochemistry and 
General N utrition, which has its bead-quarters and 
laboratory situated with in the grounds of the Univer
sity of A<lelnidc. 

The surprisingly small inlicritnncc of basic know
ledge of these subjects, which are obviously of funda
mental impo1·tnncc to tl1e rlTirient conduct of the great 
pastoral industry. has been materiall;v increased by 
1.l1cse researches. The find ings arisiug from them have 
fom1d inuncdiato and widespread application in the 
industry, through a close and understanding liaison 
between the Division and the State Department of 
~\gricnlture and other bodies whose duties and interests 
:ire to 11.ppl,1 the findings of re.,ea.1·ch to the pastoral 
industry. . 

The remainder of t his cha ptcr gives a br ief account 
of thr work of the Di,·ision. Further details of the 
studio., 011 Ya rious aspects of tl10 nntrition of sheep 
arc to be found in Chapter VII., Sections 2-5, 8, 10, and 
11, ::ind of the applicat.ion of plant nutrition studies 
to the del'eloptnent of the Ninety-mile Deser t, now 
rcnnmcd Ooonalpyn Do,rns, in Chapter III., Section 22. 

2. N11T.n rTro" A.XD v\Too1, P1woucT10N. 
Stud ies of the relationship between nutrition a.nd 

ll'Ool production haxc been extended. This work is 
hriof!y reviewed in Chapter VII., Section 2. 

3. METABOLIC STUDIES. 

The series of cxpc1imentnl investigations which aim 
to i11uminnte tho chemical merhanism through which 
t.he sheep deal.s with its fodder arc counnentcd upon 
in Chapter VII., Section 3. The p r imary r eason for 
these studies is to p rovide the basic information which 

will extend our understand ing of the reactions of the 
11uirual to various fodder conditions. Without this 
knowledge there is little hope for a solution of the 
ma.ny p robiems associated with metabolic ,lisol'ders that 
beset grazing r uminants. 

4. VITAMIN A RE,lUIREMEN'IS 01" THJi; SHEEP. 

The study of the vitamin _\ requirements of the 
$beep has been conti1111ed . Some of the details of the 
current experiments are briefly reviewed in Chapter 
VU., Section 8. Under Australian pastoral conditions, 
t]1e most probable uutri tional clisabilit,y that is likely 
to nrise from. vitamin deficiency would be imposed on 
grazing stock b,v the extreme Rhort:i.go of vitamin A 
in the sun-blenched, dr,v pa.stmes which periodically 
comprise the sole fodder for the herds and flocks. These 
experiments are designed to extend the. rather poor 
fund of knowledge of t,he reactions of sheep to a serious 
sl1ortage of vitamin A in the fodder. 

5. EFFECTS OF OHRONTC Fr.UOROSIS. 

In certain areas in Australia ,Yhere the stock is 
1n1ternd from deep artesian wells, disabilities which 
~upervene on the chron ic ingestion of small amounts 
of fluo rine arc experienced . The experiment designed 
to extend existing knowledge of chronic fluorosis in 
the ~l1eep is described in Chapter VII., Section 10. 

6. T111, .t\.M1,-;o 1\cm CoNsT1TOT10x ,um STRUCTURE OF 

Woor. FROM ConEn-Di,;1ncrm:n Sunr. 
Tl1rsc studies, wl1id1 haYe been referred to in previous 

repor ts, hnvc becu completed ancl are in course of 
preparation for publication. Tl1ey illuminate further 
the ph_y.0 iological mecl1a11i~ms responsible for keratin
ization of the wool fibl'e. 

7. D10cm,11ucAL .STUDIES OF ·1'm:: DrnoRDERED 
~frTADOLJs11r rn ZrN'c- AKO CorPKR-DEnCIENT PLANTS. 

(ci) Phosphorylafion.-Tbe investigations of the 
effects of ;.:inc and copper deficiency on tho biochemical 
processes involved in phosphorylation within the 
tissues of plants have been continued. The findings 
reported last year were confirmed : the zinc-deficient 
plants contained morr phosp]rnte but t,he labile-phos
phate conccnt.r ation did not differ from that of the 
normal controls or of lho copper-de.6.cie11t plants. 

The investigations are at present awaiting the com
plrl ion of a glasshouse which will be utilized for 
the production of s11itnblc experimental material. 

( b) Aldolas,].-Zinc-cleficient plRnts have been sus
pected of having abnornrnl carbohydrate metabolism, 
hut tbcre has been no indic11tion of the metabolic 
defect re'!ponsible fo r it. An examination of the 
ac ti,·i ty of the enzyme aldolasc revealed that it is very 
.,e1·iou~lv decrcm>ed i u tho tissues of zinc-deficient 
plant~ . ., . \ s th is enzyme cffectl'l t.he reversible conversion 
of fructose l,6-dipho3p]1ate to the trioses, phospho
g lyccrnldeltyde an<l dihyclroxy-acetone, a partial break
down in its eflfoicncv could account for the disordered 
/'.llt'hohydrntc mrtab'olism i11 the zinc-deficient p lant. 

( r) Trypto 1Jha n-formi11 r; En::ymc.-An unsuccessful 
~earch was made in green plants for cYiclence of the 
existence of an enzyme which has been r eported to effect 
i he synthesis of tryptophan from in dole and serine in 
the mould N e1irosv01·a cra.ssa. The activ ity of this 
rnzymeJ1as been reported to be reduced in the tissues 
of zinr-deficient N rmrospora. 

. l\1rno& E1.1-,)1ENTS r~ ~UTRITION. 

The study of the nutritio1111l importance of minute 
quautitie., of cobaH, copper, zinc, molybdenum, &c., 
both in aniuials and in plants has bcrn continued. 
These exporiiuents have considerably advanced know
ledge of tho physiological roles assumed by these 



tilements and lta,·e led to widespread applications in tbP 
pastoral industry, which are of considerable economic 
moment. Fmther details of tho.,e of the researches 
which concern the disabilities brought about by 
deficiencies of cobalt and of copper ill pastures arc 
referred to in Chapter VII., Section 11. Besides these, 
a number of experiments designed to extend knowledge 
of the functions of these elements are in progress in the 
laboratories of the Division. A comprehen.sive study 
is being made of metabolism of zinc in plants and 
animals. Rations that are complete in all r espects 
but practically devoid of zinc have been prepared. 
Rats confined to these will grow normally if supple
mented with zinc, but in the absence of additional zinc 
they will cease to grow and will develop specific lesions 
of the integument and of the hair. The metabolic 
defects that occur in the zinc-deficient animals ar e 
being sought. These experiments are being continued. 
Special attention is being given to the effects that 
zinc deficiency exerts on the production of hair. 

Further studies have Leen made of the cficcts which 
supervene in rats confined to copper-deficient rations. 
Tlrn nrst sr.riC's, which was mainly concerned with the 
effects of molybdenum in the metabolism of copper, 
has been completed and a full report of the results 
is being prepared for publication. The metabolic 
defects that are brought about by copper denciency a re 
being studied. 

9. PLANT NUTRITION . 

The studies of mineral nutrition which led to the 
developme11t of the Ninety-mile Desert -are being con
tinued in order to solve a number of problems associated 
with particular soil types of this region. These experi
ments are dcsr-ribed in more detail in Chapter III., 
Section 22. 

10. AccEssonY Fooo FAcToas. 

The main activity of this section of the nutritional 
studies bas been conducted during the past year in 
Cambridge and in Lon<lon by the officer responsible. 
Special attention was given to the recent developments 
of microbiological methods for the est,imation of panto
thenic acid and of the cobalt-containing vitamin B12• 

11. R,\Dro.AonvE Iso-rorEs. 

014 and Co60 have been employed as tracers in a 
number of experimental investigations which conceru 
various aspects of rumination and of the intermediary 
metabolism of fatty acids. The use of radioactive 
isotope" is now established in this Division as a useful 
technique. 

12. FIELD STATIONS. 

(a) Glenlhorne.-Tbe experiments to determine the 
effects of molybdenum on the metabolism of copper 
in the sheep were continued throughout the year and 
have no\\· been completed. These are discussed in 
Chapter VII., Section 11 (b). Experiments to extend 
fnrtber the knowledge arising from these have been 
begun. The experiments concerned with chronic 
Anorosis have been continued, and are described in 
Chapter VIL, Section 10. 

This site has been further developed as labour and 
materials have become a,,ailable. The year was a dry 
one, and the ewes and lambs were provided with hay 
and grain to supplement the pastures. The 202 strong
woolled Merino ewes mated in November, 1950, dropped 
205 lambs, of which 175 are surviving. A number were 
used for physiological investigations. From 30 ewes 
in the small, fl.ne-woollcd flock only eighteen lambs were 
born, of which twelve survive. Thirty acres were sown 
to wheat and cut for hay, 10 acres wore sown to 
oats_ and 40 acres of fallow were prepared. An adcli
tio1111 100 acres of permanent pastures were S()WU. 
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Wa tr r rei::trictions limited the production of lucerne 
hay to 10 tonti from the two acres. Moly_l>denum 
deficiency has been proved on one of th~ soil types 
which comprise this area, and in order to mcrease the 
status 160 acres of pasture were top-dressed in April, 
1951 'with superphosphate coutaining sufficient rnolyb
denu'm sulphate to provide 1 oz./acre. 

(b) Other Field ,:,tations.-Tbc· field investigations 
of the effects of minor element deficiencies have been 
continued at the Divi~iou's neld stations at Robe, Keith, 
Borrika, Glenro;r, Kybybolitc, and "Brecon ", and are 
discussed in Chapter VII., Section 11 (c)-(h). 

VII. SHEEP. 
1. GENERAL. 

Investigations on sheep have continued in the Divi
sions of Animal Health and Production and of 
Biochemistry and General Nutrition. The activities 
of these Divisions are outlined in Chapters V. and VI. 
The work of tl1e Division of Animal Health and Pro
duction on sheep is described in Sections 3 (i), 5 (a), 
6, 7, 9, and 12-19 of this Chapter and that of the 
Divis:on of Biochemistry and General Nutrition in 
Sections 2, 3 (a)-(h), 4, 5, 8, 10, and 11. 

:Muelt of the Organization's work on soil infertility 
and pastnre improvement, described in Chapters II. 
11 11d III., is also of importance to the pastoral industry. 

Tl1e 1rn1·k of the Organization's Wool Textile 
Tie.~N1 reh L11boratorics is described in Chapter XV. 

2. NuTRtTION AND WooL PnooucT10N. 

The r elafr,uship between t.hc state of the sheep's 
energy balilucc and the efficiency with which the animal 
util izes tLP protein in its fodder fo r wool production 
1111~ heeu fnrtl1 cr iurnstigated in the Division of 
Biochemistry and General Nutri tion i11 a series of 
experiments wbic·h are now nearing completion. The 
results, which will be discussed in a forthcoming publi
cation, established the physiologi cal laws which govern 
protein and ene1·gy metabolism of the sheep, and so 
simplif,v tlrn understanding of the many factors which 
influence wool and meat produdion by animals grazing 
in the clfrerse conditions of the Am:tralian environment. 
This £.i·m fonnclation of knowledge will allow an 
approach to he made towards solving the major 
pr()b}ems of increasing tl1e overall efficiency with which 
the animal con\'Cl'ts its foodstuffs to wool, flesh, milk, 
&c. Tbe "normal" efficiencv of these conversions is 
low and might he increase·d materially before thP. 
physiological limitations imposed b_y the digestive pro
cesses are reached. A 11e11· SC'ries of e:<:periments along 
thPsP l in C's is projected. 

3. PROC'ESSES OF RUMINATION. 
(a) Intermediate Sla_qes in the Production of 

Volatile Fntty Acids in the Ferm.~ni:ation of Wheaten 
Hay.-Extension of the investigations by the Division 
of Biocliemistry and General Nutrition previously 
reported has demonstrated that in the m ixture of acids 
formed by fermentation of fodder in -vitro with the 
mixed population of organisms which inhabit the 
rumen. the proportio11 of propionic acid decreases 
d_urin_g: the first f~w homs when the rate of acid produc
tion 1s at a max1mmn. The composition and rate of 
production ~f acicl tlwreafter remain fairly uniform. 
At 110 stap.:e 1s the proport.ion of ari>tic acic1 as high as it 
is in the rumen fluid. ' 

(b) DetnilPd _.4.nnfosis o~ lhl' Volatile Fatty Acids in 
fl,P, 'Rmnen F'lil'd.-Tbe m1xtmr of vohitilP. fatty acids 
in the rumen has heen shown to include all tlie saturated 
fntt:v acids from 01 to Co, and nrohnbly 07 to.,.ether 
with some of the isomers of the hio·l~er ;cids

0 
and 

I . . h b "' ' c rtrrmrnat1ons aYo ren mane of thP proportions in 
whirh they inr present. 
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(c:) 'J'he Origin of the Jligher Volatile Fatly Acirl.~ 
in the Jli,mcn.-When ncetic acid labelled with 011 in 
the carboxyl group was incorporated in the rumen 
fermentation in vitro, active carbon nppcaru<l later in 
nll tlrn higher acids examined. When C1

·
1 cnrboxyl

propionic acid was included in the fermentation, 01
-
1 

appeared in the valeric acid but not in the butyric acid. 
Tl1r qualitative a nd q11a11t:tntive results suggest that n 
large pnrt of thr. bntyric and valcl'ic acids in the rnmrn 
is synthesized from nrctic and propionic acids by co11-
1lc•nsations wit.h n 2-C rompound in rqnilibrinm with 
:1 retie acid. 

(d) Bnr:lcriolo,r;y of the R111ne11.-Following tl,c 
work report.rel above, isolation of the organisms respon
sil1lc for the s,ynthcsis of the higher 11cids in the rumen 
kt~ bern begun. 

(c) Al/sor17l:on of Ji'aUJJ Ari:ds from the Rumen.
The prc,·ious Report re fen cd to the use of labelled 
fott.y acicls for the pmposc of determin ing the r elatil"e 
rntcs of a hsorptioll of the 11cid.s through the rumen 
ll'a ll. Because of the occmre1Jcc of the rractions 
rlrsr•l'ibcd in Sec>tiou :1 (C"), the,y could not be used in 
this ll'a_y. Tiowcver, the evidence previously held to 
suggest that the permeabilitirs of the acids are depen
dent on thrir c011centrn tions in the rumen, has now 
hrcn shown to be unsound. The cbauges in the compo-
1,i tion of the acid mixture in the rnmm1 after the 
inclusion of an additional amount of oue of them were 
C'vidently influenced to a marked degree by the con
t.:nned production of acid even when the animals had 
heen fasted for 24 hours, and the bulk of sol ids had been 
rrmoYecl. WhP11 fermentation was reduced to a mini
mum b.v centrifuging the flnicl , the nbsorption of t.hc 
11eids wns found to ronform to tl1e -findings originally 
l'rported for pure acirls introduced into the empty 
rnmrn. 

(f) Sforrh-fl.;r. Polysnrchnrides (" Sta.rch ") in the 
Rmnen 011rl 1lbomns111n.-The work proposed in this 
nelcl w11s out.linrd in the previous Report. The con
centrations of " starch" (thr origin of which, from 
fotldrr :rnd/or from thr mirro-organi~ms of the rnmen, 
lrns nnt yet bC'Cn determined) and of lignin in the rnmen 
hn,·c brr,n mrasnred nt i11tr1·va ls t hronghout the 24 
hours. Thi:1 information obtained in this way allows an 
t>stim11t.r to be made of thr amounts of" st.arch" which 
pnss to th<' 11 hom11sum. The investigation has been 
rxtm1(lrd to inrl11de the detr1·mination of "starch" and 
1 iftnin in t.l1r a homasnm, in order to assess by other 
m011ns tl1r 11monnt of" stflrch" whir.Ji passrs out of the 
rnmrn. 

(n) Pnssa.r;e of FoffJJ Ac-iils to the Abomasum.
T nvrstigations nrP.· being made to decide whether sign iii.
cant q1rnntities of t.hr fatty acids reach the 11bomnsum 
from t.l1E' rumen. The ohjrct of this work is to test the 
claims of other workers tlrnt practic111ly all of the fatty 
acicls are removed from the rumen material by the 
omnsmn And that no nbsorption of fatty acid occurs i11 
the nbomnsnm. 

(h) Uf.ilizaf.ion of Urea.-The experiments with 
sheep in pens to determine the possibility of utilizing 
nrea in lien of protein concentrates in supplementary 
foeding prnctice for 'l'l'Ool production, mentioned in 
pr01·ious Reports, have heen completed. 

Tl1c proiectecl -field ti·iah with gl'llzing sheep that. 
we1·e mentioned rou1cl not be started during the yenr 
nwing to floods ancl considcrn ble stock losses in the area 
wherf' it had bern clecidecl to concluct the experiments. 
AnangE>ments havr, 110w been completed, however , and 
thr rxperiment i~ to be commenced in the early spring, 
immrdintely after shearing. The Queensland D ep111·t
mrnt of Agricul ture nnd Stock and the Division of 
niorl1rmist{·y nnd General Nutrition will co-operate in 
this series of expei·iments, which will he located 11t 1111 

rxpcriment.al st.at.ion recei1tly rstnblished by the D epart
mm1t. in 11ortl1-wm;t Qnernslnnd. 

( i) 'J'hc E ff eel of Diel on Digesl ive I'rocesses in lhe 
Bumcm.-Diets containing carbohydrate, protein, and 
roughage in several different proportions have been fed 
to sheep and the digestirn processes in the rumen studied 
a t the Md,Iaster l\.nirnal Health Laboratory. On all 
cliet~, consistent clrnnges in the proportion of lower 
fotty acid1- in the rnmen l iquor were ohserved after 
frpcl ing. Arr1'ic acid decreased to as low as 55 per 
cent., ll'hcreas propionic and bu tyric acids increased . 
There was n return to a fairly constant p re-feeding level. 
ITowever, if the reaction fell below pH 5.2, the trends 
in the proporti011s of lower fatty acids present were not 
ronsistcnt, owing probably to different effects on groups 
of bacteria in the rnmen . These bacterial groups 
include two concerned with production of lactic and 
lrn t_yric acids rcspcct.ively, one with proteolytic activity, 
nnd a fourth responsible largely for deamination of 
amino acids. With diets containing an excess of protein 
O\'C'r "wn1ila ble" carboh.vclrate, ammonia nitrogen was 
found to accumnlate in large quantities in the rumen. 
Thi1- accnmulation was suppressecl by the addition of 
"avnila ble " rarbohydrate. However, it w11s found 
tlrnt nmmonia nitro~cn accumulation is not a simple 
function of the protein content of the diet. L actic acid 
was found to accumulate in the rumen when the diet i s 
ric·h in starch or soluble sup;ar s. Lactic ncid accumula
tion wns found to be the rnd r esul t of the interaction of 
mnny factors. 

4. E NERGY Mr-TABOLIS)f. 

The. energy metabolism of sheep subjected to rela
tively long terms of semi-starvation is bei11g investi
gated n~ a part of the experiments on nutrition and 
wool production mentioned in Chapter VI., Section 2. 
Tl1P res1ilts of these experiments are directly applicable 
tn drought-feeding polfoy. 

The basal rate of energy dissipation was ob~erved in 
previous experiments to recede materially in sheep sub
jectecl for a period to rations which were insufficient to 
provide tl1e fuel necessary to fulfil t.hc requirements of 
tl1e anima 1. Cri~ical expf"'rimcnts are now being con
ducted to determine the relationship of this change to 
tl1e enerp:,v defirit, in order to provide knowledge of 
con~idera ble theoretical and practical importance. 

5. 0ARTIORYDRATF. MET.\BOUSM. 

Work on carbohydrate metabolism bas continued in 
the Di,·ision of Animal Health and Production and 
tl10 Division of Biochemistry and General Nutrition. 

Dming the past ye:n an officer of the latter Division 
visited Great Britain and worked for some months in 
the Physiological Laborator :es at Cambridge and 
Edinburgh. At' Cambridge, 11ewly-born calves and 
goats were used to ~tudy various aspects of carbo
hydrnte metabolism. These studies 11re being continued 
in collaboration with two workers at Cambridge. 

(a) The Carbohydrate .Metabolism of Adult Sheep. 
-In the Division of Aninrnl Health and Production 
further results have confirmed the finding that the rate 
of peripheral utilization of acetic acid depends on its 
level in arterial blood. There appears to be some 
depression of this rate when glucose uptake by the same 
t.issues is p roceeding at its most rapid r ate, but further 
data are needed to establ ish thr significance of this 
observation. 

Recent evidence has shown clearly that the rate of 
uptake of glucose by the rxtrahep11tic tissues is 
i:1ereased while tl1e blood glucose is increasing after 
food intake and is depressed again when the blood 
~lncose i~ falling. Detailed studies 1111,e shown that 
thC' rate of extra hepatic utilization of glnMse appears 
tc, depend not onlv on the rate of arrt:c acid utilization 
but also on the direction of flufltuations in the blood
~!ncose level. "While the blood g lucose 1s increasing 
the latter exe1·ts tlie major effect. 



The maximum rate of absorption of glucose from the 
;;mall intestine of sheep is slow compared with that in 
non-ruminants. After the administration of 10-100 g. 
o-Jucose into the abomasum, the blood glucose r ises 
~Jowly to a maximum at about two hours. This maxi
mum is sustained over a period a s long as 5-6 hours. 
Thus the "tolerance" of sheep to glucose administered 
via the iutcstinal route in the same way as glucose 
administered by intr.avenous injection, is low compared 
to non-rnminants. Tho 1·es11lts strongly suggest a 
loll'er ruaximum level of hcxokinasc activi t_y in 
ruminant tissues. 

Thr,re appears no doubt, from the results of experi
ments, thnt the liver or other organs, or both, can 
lrnnd lc lactic acid, presumably oomerting it to glucose, 
in an dncient mnuncr. No consistent rises in blood 
lnctic acid ,rcrr observed in sheep in which lactic acid 
ac:citmula ted in tlrn 1·umcn after feeding 011 various 
diets, c1·011 though the lcrels iu rumen liquor reached 
500 mg. per 100 ml. and the rate of n bsorption of other 
eud-proclucts of digestion, e.g. lower fatty acids, was 
extremely rnpi<l. 

Metabolic abnormalities harn been observed on 
certain diets. Increases in blood glucose up to three 
times and in blood volatile fatty acids up to ten t imes 
ha\'C l.,ec•n recorded after feediug. On most diets 
imest,iga trd, the level of ace tie acid in the blood was 
c·'.o~cly dependent on the le\·el in the rumen. On 
c:p1·tnin d iets, howe1·er, there was evidence on the one 
l11rnd of greatl_y increased, and on the other of greatly 
dc:p1·esscc1 rates of absorption. S0111C' of these abnol'
ntalit,ies are 1mder investigatiou. 

Thr, intermediary metabolism of acetic acid in con
j11nctio1t wir-11 thP concurrrnt metabolism of propiouic 
anrl butyric acids has been investigated further in the 
Di1·ision of Biochemistry and General Nutrition. When 
ti1l'Se lower fatty acids were injected intraveuously into 
fasting sheep the concentrations of sugar, ketone bodies, 
vnd pyruvic acid in the systematic circulation followed 
the same treml as was observed iu tbc normally fed 
animal. The apparent production of sugar after the 
intravenous 11dministratiou of butyric acid is being 
investigated. Fro!Jl analyses of the systemic blood it 
was sl1own that insulin may possibly bo implicated in 
tlie metal)olism of the lowci· fatty acids. The inter
relation o·f the metabolic processes involved in the 
util ization of these volat,ile acids is being studied. 

(b) The Carbohydrate l\{dabolism of N ewly-born 
l,(lmbs.- Work was continued with young lambs from 
tlie hreeding flock nt the Gleutborne field station of the 
Division of Bioebernistr:v and General Nutrition. From 
determinations made ~f the concentration of total 
rndncing sugar, fructose, pyruvic acid, and volntile 
acids in the blood of newly-born lambs, it appears that 
the metabolic p rocesses of the very _yotmg lamb are 
!:imilar t.o i;hose of 11011-1·umina11ts, and so differ in 
important r espects from those of the adult ruminant. 
The tota 1 1·ednciug sugar in blood samples taken from 
tl1c iugufar vein of lamb~ a fow minutes ~ftcr b;r tl1 
wns · f01md to co11sist of two fractions : glucose, which 
1;-as pre~rn t in a.bout. the same concentr ation as in tho 
11111 tcm1al blood. and fructose, wh ich constituted an 
:cidrlitional 30-40 mp;. of rcclncing su£m1· per 100 ml. 

'The fructose was observed to clisappeat· from the 
blood stream within a fe1, homs. irrespective of 
1d1ethr1· tl1r h11nb was allowed to snckle imrnediatelv or 
waR ll'ithheld from the ewe. The glucose level, however. 
r ises af ter the l amb has suckled, and it remains elevated 
fo1· n per iod of fo11r t.o :five works. after which it 
drclinrs to the n0rmal adult level. 

If the fomb is preven ted from suckline-. the level of 
p:vrnvic acid in its bl ood fallR until sucklin!!'. is per 
mil:tPrl, nfter whirh there is n ;,harp hut t.ran~ieut rise. 

Tl1e intravenous administration of glucose to young 
lambs revealed A tolerance cu rve tvpical of non
r uminants. Th e metabolfom of tl1e young lamb is thus 
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not unlike tliat of mixed feeders and carnivores. The 
la ter changes in the m13tabolic processes are related to 
the supply of fatty acids which follows when the rumen 
deYelops and fuuctions. 

6. DROUGHT-FEEDING EXPERIMENTS. 

The experiments on sheep feeding, with particular 
reference to drought conclitious, which are being con
ducted by the Division of Animal Health and Produc
tion at Glenfield, New South Wales, in collaboration 
with tho New South Wales Department of Agriculture, 
lrnrc been continued. The work is now financed partly 
from tl1e Bnrdckin Bequest, administered by the New 
South Wnlos Grnziers' Association, and partly by the 
Orgnn:zntion . Tlir resul ts obtained are recorded briefly 
ns foliows. 

(a) Dail?; Compared with W eelcly fi'eeding.-AJ1 
experiments have provided further aud conclusive 
cvideuco that when adult dry sheep are being band-fed 
for survival, it is good sheep husbanclr,y to feed them 
,rcckly . A total of some 700-800 adult Merin9 wethers 
have bec:n used in these trials. 

(b) Comva1·ison of Wheat with Grain Sor_qhu,m as 
Dr011r;ht Ji'odders.- Experiments were carried out in 
which groups of wethers were fed ou 10 : 90 mixtures of 
whr.aten chaff and grain, the grain being supplied as 
wheat, wl1ole grain sorghum, or crushed grain sorghum. 
The rc8ults hnve not _yet benn fully analysed, but they 
appcnr to indicntc that wheat was slightly superior to 
g-rain sorgbnm and that crushed sorghum was superior 
in feeding value to the whole grain. However, the 
d ifferences were not great enough to warrant an_y 
special effort to obtain wheat if g-rnin sorghum is 
n11 ::i.ilable. or to favour the additional labour anrl cost 
of r.rusbing grain sorghum. 

( c) The Influence of Exrwcise on Food Require
ments at Dro1,_qhf-feedino Levels.-It bas been believed 
that under drought co11ditions sheep waste their ener
gies and increase tl1eir food requirement by wandering 
iu i;earch of feed. Groups of full-mouthed Merino 
wcthers on drought rntious were therefoTe driven slowly 
over a. 3.24 mile course daily for a period of some five 
montJ1,:, dur ing which they travelled 280 miles. O ther 
groups which 1·<->ceivod the same quantity of feed were 
not rxcrcised. At the conclusion of tl1e trial there was 
110 sig-ni£cant difference betwren the exercised and 
1111cx<wcised rrroups in bod_y weight, i;urvival rate, or 
,(rene1·a l condition. 

( 11,) Pnsf.-dr011r,hf. Feeding fnr R esfor(ltinn of Bod11 
W eioht.-A t tl1e termination of clrott l!"ht-fee<ling- experi
mc11ti- tlie sheeD wer~ regrouped to uniformity a.nd were 
frcl (lrl, lib. on the following mixtme :-lucem e ch11ff 80. 
oat~ 70 : lncerne chaff 30, wheat 70: wh0ntrn chaff 30, 
wbrat 69. gronnd lime~tone 1 : wheaten chaff 30. wbrat 
59. limPPd meal 10. limestone 1 : wh0atm1 chaff 30. 
wl1rat 67. mr.a 2, limestone 1. A11other inonn was 
tHrnrd rrnt to gra;r,c 011 improvPrl n~~turc. Food intake 
of tlir <liffer cnt mixtureil vnried wi d,,lv. L11eerne chaff 
nnr~ oatR were ronsumPd m~;,t readilv nnrl the sheeµ 
th1·1vPrl 11rst 011 th,.,111. TJ,e mixture ronb1 ining nrrii wits 
:hn lea~t p11fatnble. The ,!!'.rnnp whirl1 _g-r11zrrl 011 
1mnroverl pa;:tnre reP-aincd weiP-ht at nbr111t the ~iimp 
rntr as tl1r ~l1ren which wrre f0<l on whPnten rhaff. 
wl11>nt. an<l. lrn~Pnd mral. whPrPns 111 n ,:imilar t,·ial in 
19n0. !Tl'll?:Jne- _!!!lVP. ,Prv inf'Prior l'P.'lnlht 'J'l,;., was 
nobnhlv h<'ran;:p l,i~h rninfall nrnchirpd fN•rl wltirh WRS 

ovr1:-•nP.rnlent. T,1 t,tlc rxnerim ental inform11tion is 
~rn1l11blP 011, tl,i-". bnt i t iR n rn<itt,.,1· of ro11;:idernhle 
1111nnrtnnrl' 1:1 ;:~<'C'n lm.'lhnnrlrv. C'.'lnrri111ly in the col<ler 
11 nd w<>ttrr <l1;:tnct~ nf tl1r sontbrrn St.ntr.R. 

7. Toinc T.TY nP LAnnv. RATION" OP WmMT. 

'YhP._n lrnngry sheen in poor conclitinn consume whP.11t. 
ara,111 rn . rxres!1 of a bout 60 g. per k1lof{ram of boclv 
\\'Pl)!'ht. i.e. ii lb. for R Mi:>rino which hAs fallen i;1 
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weight to 50 lb., acute <leaths may occur in more than 
20 per cent. of the flock. The nature of the fatal illness 
bad remained unknown until its study was undertaken 
by the Division of Auimal Health and Production. It 
was believed that knowledge of its nature and 
rni;chanism might not only lead to safer and less 
laborious methods of feeding wheat to sheep, but would 
be of fundamental value to the studies of ruminant 
digestion. 

The i11 vestiga tion h:is established the fact that. the 
fa tnl illness is a consequence of an abnormal domma
tion of the rnminal fermentation by lactobacilli which 
give ri<;.~ to cxceBsively high concentrations of lacti:: 
acid in Lhe rumen and other regions of the bowel to 
wl,ich the wheat has passed. This is followed by a 
large increase of lactic acid in the blood and by severe 
acidosis. It lias still to be determined how far the 
lactacidaemia and acidosis are the result of direct 
absorption of lactic acid from the bowel at rates greater 
than the nnimal can utili7.c it, a.nd how far they arc a 
consequence of the scnirc blood concentration nnd sup
J)J'ession of urine excretion which always occur. Tl1c 
present e\·idence suggests thnt both factors operate. 
Howe\·er, tJ1e essential role of tl1e lactobacillary fermen
tation in the i1lness is indicated by tbe £biding that the 
antibiotic aureomycin, given with an othe_rwise fatal 
dose of wheat, completely prevented the illness. In 
these experiments with aureomycin, the reaction in the 
rumen did not fall below pH G.2, lactic acid di.cl not rise 
aborn 300 mg. per 100 ml., concentration of the blood 
was negligible, an<l them \ntS neither lactaciclaemia nor 
acidosis. 

S. y !T,\J\Ili'i A HBQUIREMENTS. 

The uxpcri111eut. mentioned in the last Report wns 
cont:nurd. The lambs were weaned at the age of 
approxi1m1 tely one month, and the ewes were offered the 
basnl ration \l'hieh supplied approximately 10 y caro
tm1e/ kg. body weight per day. ~\.Her a period of 
npproximntdy eight months, during which the levels 
of vitamin A in the blood fell from 20-30 y/100 ml. 
plns11m to approximately 10 y, and all but two an imals 
appenrc•d to he n ightblind, the smnll flock of e1res wa;; 
divided into fou1· groups each of fhe animals and given 
sufficient dehydrated l nceme meal to bring the intake 
c,f carotene to 25, 50, 75, or 100 y/kg. body weight per 
clay. The animals \rcre then mated. D ur ing the next 
fiyc months the lcYels of vitamin A in their bloods rose 
to approximately 20 y/100 ml. pla~ma in the group 
receiving 25 y cnrotcnc/kg. body we1ght per day, and 
to 11pproxirnatcly 30 y/100 ml. plnsma in the other 
groups. One ewe died during this period but the others 
rem ained in good health throughout. Lambing is now 
in pro"re;;s nnd the indications are that an intake of 
:'50 y c;rotenc/kg. body weight per clay is sufficient for 
satisfactory rcpi-oduction. This confirms the results 
obtained previously in tl10 investigation. It is not yet 
clcn r, ho\reYcr, whether an intake of only 25 y/kg. body 
\\'eig-ht per day is sufficient for ~atisfactory repro
duction. 

9. V1T.LUlIN D SUPPLEMENTS. 

Further work was not conducted on vitamin D 
supplements dnring the year. 

10. OrrnoNic FLuonos1s. 

The expcrimc11ts mentioned in the last Report were 
continue<]. J)rink:11g \\·ater c011taini11g either 0.3, 10, or 
20 p.p.m. fluorine was supplied to three groups of lamb;; 
born of ewes which hacl received similar water through
out the period of gestation. The lambs were weaned 
approximntely ten months after the commencement of 
the experiment. The same supplies of drinking water 
were offered to three groups of matm-c wethers which 
grnzed in the same pnddorks as the weaners. 

During the year there were 110 significant differences 
between the increases in weight of the three groups of 
weaners 0 1· bet\\·ecn the weights of wool obtained from 
the three groups at the first shea ring. Periodical 
examination of the incisor teeth Jrns not revealed 
signs of fluorosis in the deciduous teeth of 
any of the groups. No permanent incisors have as 
yet erupted. The experiment is being continued. 

The1·c hare been 110 significant differences between tbp, 
lirn weights or the woo1 in·oduC'tion of the three groups 
of mature wethcrs during the first ten months of the 
obserrntion experiment. No lesions of fiuorosis have 
yet appeared in the incisor teeth. The experiment is 
being continue{]. 

j J. .. Uli'iOR ELJ,.Ml,NTS IN llNIM.AL NUTRITION. 

(a) Cobalt Jfetabolisin ·in Ruminanls.-(i ) Prev0r 
le11ce of Oobali Deficiency.-Unequivocal evidence from 
cxperime11ts conducted at several sites, and from general 
obserrations, proves beyond doubt that nutritional dis
abilities imposed by cobalt deficiency are much more 
prcvnlent among flocks and herds than is generally 
realized. The untoward effects suffered by sheep con
fined to cobalt-deficient_ fodder vary widely in degree 
according to the season, the type of soil, and the nature 
of the pastures. ·.i..lie intensity of the symptoms ranges 
from the acute aud fatal malady through a series of 
sub-acute states, the milder of which affect only the 
young animals, to nu incipient state of deficiency 
which, after haYing no appreciable effect for many 
years, may, with a cha11ge of season, become manifest 
i11 a sub-acute or even acute form. This latter condition 
i~ trans ient and, like the milder form in which no 
ohriously specific symptoms appear, is frequently 
:1ttribute<l to causes other than a shortage of cobalt in 
the fodder. The economic consequences are serious and 
steps :11'e being taken to info rm pastoralists of these 
dfocts, which pc1·iodica1ly appear in areas generally 
c-on~iderrd secure in respect to cobalt. 

( ii) The Ji'111iclion of Cobalt in Ruminant Nutrition. 
- l!:xpcrimcnLs have been reported previo11sly which 
proYed thnt cobalt exerts no apparent physiological 
fuuction if it is injected in to the blood stream of the 
:rnirnnl : to be effective it must be provided per os. 
The suggestion that cobalt exerted its activity through 
its influence on the micro-organisms which inhabit the 
pa1mch has been proved correct by the demonstration 
that, cobalt administered into the abomasum, either by 
injection or via pennaneut fi.stulae, had no effect on the 
progressive syndrome of cobalt deficiency which 
developed in sheep confined in pens nnd fed on cobalt
deficient rations. The same 9.unntity of cobalt ad
ministered per os or injected chrecLly into the rumen 
was completely effective. 

It, is pi-obable that a considerable quantity of cobalt 
is essentinl for the production of vitamin B12, and 
perhaps of other accessory food factors, by the rumen 
fiorn, aud that when this quantity falls below a certain 
le1·el, which has been defined by experiments discussed 
below, the animal suffers the physiological disabilities 
a:=:$or.iated with deficiencies of vi.tamin B1~ and perhaps 
of other Yitamins. There is 110 evidence that cobalt 
per :,e has any physiologicnl role in the tissues of the 
ani.mal itself. 

( iii) Cobalt Deficiency and Vitamin B12.-Depot 
therapy w ith potent liver extracts and with the crys
tfl Hine cobalt-containing vitamin B12 administe1·ed to 
sheep on cobalt-deficient pnstures had little or no effect 
on the progress of the deficiency syndrome. The quan- · 
tities of \7itnmin B12 employed were of the same order 
ns those utilized in the tl'eatment of pernicious anaemia 



in lmmans, a11<l 1J1ight well have lieeH i11snfficient. The 
effects of greatly increased do.ses are now being 
investigated. 

( i v) The Q uant-ity of Oobalt N eces:::ary for Complete 
lhttrition of lhe Shcep.-Previons reports of long-term 
experiments with sheep on cobalt-deficient pastures at 
Robe indicated t.liat a supplement of 0.05 mg. cobalt 
per day was just sufi'icicnt to maintain ewes in good 
health. This qnantit_y has now been proved to be 
similarly cffediYc for lnmbs. .c\ s these pastures contain 
between 0.02 and 0.03 micl'ogram of cobalt per gram 
dry weight it may be implied that the quantity of cobalt 
necessary for the sheep is probably between 0.07 and 
0.08 mg. cobal t per daJ, and that a fodder containing 
between 0.08 an<l 0.10 microgram of cobalt per gram 
is probably about the lower limit of securi ty in respect 
to cobal t. 

( v) Gonlrnt of CJohci/1, Dcficicnr31.-Pre1·ious experi
ments harn stressed the necessity of frequent dosing 
with cobalt for the tl'eatmcnt of flocks depastured on 
dcficic11t tcn-ain. Relatively Luge doses of cobalt ad
minister ed at interval,; of one month, bowe1·er, appear 
to be elfoctil·c. The experiments on which this latter 
finding is based ar e being continnecl and the conclusion 
must be considered tentative. The effects 011 the health 
of the fl.oc:ks whic:h supervene on the application of 
cobalt to the pastures at Hohe and at Gleuroy are dis
cussed in Section 11 ( c ) and (f). At neither ~itc was 
this procedure completely effectiYe. 

( b) Cop per Deficie·ncy in lhe Sheep.-( i ) The 
Ef)"ecl of Jt.1olybdenwn on lhe Copper 111etabolism of 
Sheep.-Under tlie grazing conditions that prevail on 
the copper-deficient terrain at, Robe, the equivalent of 
50 mg. molybdenum per day administered as molybdate 
tends to decrease the rntc of depletion of copper from 
the liver, to maintain the concentration of copper in 
the blood, and, paradoxically, to precipitate sooner, 
and in most f1agrant form, the symptoms of copper 
deficiency. Th is la ttcr iu fl uence may be overcome by 
an additiorn1l supplement of copper. At the end of 
two yea rs, tl1el'e was 110 cri<lcucc of atnxia among tlrn 
lambs. T hci'e ell"es have again been mated. 

Under the different grazing conditions at GlcutLorne, 
similar amounts of molybtlcnum lrncl no infJupncc 011 the 
concentration of eoppcr in the blood iind tended to 
deplete the animal's stores of eopper. 

Clearly, then, it is only in circumstances not yet 
fully understood that, i11gcstioJ1 of molybdenum tends 
to deplete the ani111al's copper resenes. The factors 
con('ernerl arc being im·cstigatcd both with exper imental 
flocks depastured at <li:fferent sites and with small 
expcrimcnt11l auimals unrl<~r carefully controlled con
ditious in the laboratory. 

(ii) Gonl.rol of Gop11er Deficiency in Sheep.-Ex
perirnents with flocks i ll the fi eld and with sheep con
fined in pens indicate t;hat i ufrequent closing with 
relatively massive quanti t ies of copper will maintain a 
normal copper statn:; in sheep on copper-deficient 
rations. 

(iii) 'l'h e lnfl 11en,;e of Chronic Jngcs{:ion of .Molyb
denum on /he noppcr 81:a/ns of the Rat.-Experiments 
ll"i1h rats l10Yc been nsccl to ill uminate se\·cral aspects 
of the met·al1olis111 of copper which present problems 
with flocks on copper-deficient terrnin. 'fhe~e have 
prnverl conclu11ivcly tlrnt molyhdenum under certain 
circumstances tends t.o increase the concentration of 
copper in the tissues bnt to decrease i ts availability 
for some, at, least, of the animal's physiol ogical r equire
ments. A series of experiments is being conducted to 

. indicate the factors responsible fo r this. 

(iv) 1'ho lnfl11en1·e of Molybdenum and T11,ngsten 
and 0/.her Elements on the Copper JlI efabolism of 
Sheep.-A se r ies of cxpcrirncuts with sheep confined in 
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pc11s a 11d fed on j11eipic11.tl y copper-deficient rations has 
sLown that whercns the 'chronic ingestion of molyb
denum will reduce the concentration of copper in the 
liver, similar quantities of tungsten have no such 
e ffect. 

.\ critical method for the estimation of microgram 
quantitit?s of tungsten bas been per£ec~ed ai:d applied 
to a stndy of the absorption onrl excret10n of tlmgsten._ 
The sheep deals simi larly with moderat~ amounts of 
l.ungsten and molybdenum. The eff_ects _of ot~er metals 
011 the metabolism of coppc1· a 1·e bemg m,cst1gate<l. 

(c) J,'ield Exverimenls-Robe.-A numb7r of the 
experiments described above have been ear ned out at 
the Field Station at Robe. In addition, the following 
experimental trials are being conducted there. 

(i) The Ef}'ecl of Dressing Copper-deficient Pastures 
wilh Copper S1tlphale.-The copper status of sheep 
tlepnsturcd continuously on copper-<leficient pastures 
t.hat had lieen treated with 14 lb. of copper sulphate per 
acre i n 1940 has been tletenuined periodically by liver 
biopsy. The mean concentration of copper in the livers 
of the control animals was 4G p.p .m .; in the lirnrs of 
the animals that had received a supplemer1t equivalent 
to 5 mg. copper per day while grazing under identical 
conditions, it was 450 p.p.m. The lowered copper status 
asscsse<l in this way was consistent with the somewhat 
lowered general health and productivity of the unsup
plementecl animals. 

(ii) 'l'he Effect of Dressing Oobalt-deficient Pastures 
111ith Cobalt S1tlphalc.-Without a supplement of cobalt 
no lambs have been reared and few ewes have survived 
iii the experimental flock that has been confined to 
pastur es to which 1 lb. cobalt sulphate per acre was 
applied in 1944. The grasses which comprise t he 
pastu res there are unable to accumulate sufficient cobalt 
to meet the nutr itional requirements of grazing rumi-
11ants, even when tl1e cobalt coneentratiou of t hese 
soils is increased. 

(iii) Copver-de/icienl L esions -in the Wool of English 
Jfreeds of Sheez1.-Aftc r the sojourn of one year on 
coppcr-d<>ficieut pastures the signs of copper deficiency 
ha re appeared in the fleeces of Border Leicester and 
Rom ney Marsh sheep. The wool of the Lincoln and 
the Dorset IIorn breeds has not obYiously changed. 

( it) Field Experiment.~. 11 eith .-.A t the encl of 1 950, 
the beneficial effects of a d ressing of 7 lb. of copper 
sulphate per acre applied to lucerne pastures in 1943 
were still apparent in the experimental g roup of sheep 
that has grnzed there contin uously. The copper status 
c,f th<> group grazed on irnmcdiatel_y adjacent pastures 
was reduced to low leYels and tl tc fleeces showed the 
typical lesions of copper tleficic11cy whereas the copper 
status of the individuals on the copper-<:lressecl p11sture 
was satisfactory and the wool was nor mal. 

( e) Field H.rz;erime11/s-Borril.:a .-'f.he fi ndino·s at. 
t.hi s experimental site we re similar to those referr~d t o. 
above. 

(!) Pie/d Rxperimonls-Glenroy.-In 1950 for the 
~"cond year in succes~ion, ncute rob·a lt deficienc~ was en
rount.erccl in nntreat.c~ lambs. Co!llparablo 1~;nbs con
fined 1:o pastures which 11·erc top-dressed with 1 lb. 
c·obnlt ~ulpl1atc pc_r aero_ in _l!l~G showed no symptoms 
of <lefi.c1ency. 1lns findmp; 1s m contrast to the results 
obta i~icd _durin~ the prcYious year, when a slight 
dl'tenorat1011 of lambs on the cobalt-treated pastures 
was detected .. The la.tt?8t findings indicate that treat
m?ut of pnr t!rular t,y pes of iucipfontly defirient soils 
w1lh cobalt 11"1Jl protect the flocks from eobalt deficiency 
for at least se,·eral years . 

(g) F'ielcl E:i.,perimen.ts- Kybyboliie.-Neither robnlt 
nor copper rleficieucy 1rns 11ppa I"e11t in the experiwental 
flocks during the past year. 



lh) Lt'ietd Ji}xpvrimenl:;-·· Brecon ".-An area of 
newly-developed malice-heath _has been prepared for. an 
experimen t designed to e.xarrune the effect? on grazmg 
sheep of three different types of pasture which represent 
species, or a combination of species, which will be 
widely employed during the further development of 
t.hese a reas. Tlie sown pastures consist of subterranean 
clove.r (Bacchus Marsh strain), lueerne, an~ a mixture 
of snbtenanean clover, luccrnc, and Fholarts t1fberosa. 
Each area comprises 27 acres and was seeded m 1940 
and treated \\'ith 1S7 lb. supcrphosphate, 7 lb. copper 
sulphate and 7 lb. zinc sulphate per acr e. Ewes in 
lamb wc;·e introduced to these pastures in March, 1951. 
Ilalf of tl1e ewes in each paddock iue drenclied once 
weekly with 7 mg. cobal t. The seasonal rains were 
early aud "Phalaris staggers" devel?pcd in the ewes 
on tbc pasture in which l'halar1s luberosa was 
doruinant. Only those a11iruals whi<'ll had not been 
supplemented with cobalt ha1·e so far developed the 
r-ymptorns. In tliis g roup ten of tl1e fifteen animafa 
ll'cre rnry seriously affected and still plainly show the 
symptoms of ner vous disorder. Three ltaYC succumbed 
to tho malady. There were no cases in the g roup whicl1 
was trca te<l ll'ith cobalt. Both groups were selected 
from tho same stock and were depastured together as a 
flock from the beginning of the experiment in :March, 
19/Jl. T h <' implications of those findings are beiug 
imrcstigatcd. TLe.v may well indicate a means of co11-
trolling this ni:1.lady, which iu some yf'ars a ssumes ver,y 
serious proportions. 

J 2. Ii\' FKlt'J'Ir.lTY .\ NT> PHYSIOLOGY o F REPRODUCTION. 

(ci) The· I nfluence of N1ilrilion on the Breeding 
J'er.fornwnce of Jllerino Ewes.-The experiment re
ferred to in th e prccediug Ilcport don lt ll'ith the effects 
of Ca : P~O:; imbalance in tLc ration of pregnant ewes. 
Observations were continued throughout a second preg-
11ancy and tl1c ewes l ambed .again in August-, 1950. 
Their rn tion had been dcficiellt in carotene ( precursor 
of 1·itam in .\) since they came under experiment in 
N o,·en, her, 10,1s, but there was no obvious evidence of 
,·itami11 ~\ deficiency until the second lamb:ng, nearly 
two years la tcr. Then, out of 65 lambs born, 60 were 
dead or died shortly after birtl1 and many of them bad 
l'nlargctl thyroid gl ands. Late i11 tlii~ pregnancy tlu, 
1·itamin A level of the e11·es' blood \\'as much below 
normal and some wer e inoculated wi th mnssive doses of 
vitamin A. This r estored the level of vitamin A in the 
blood, but, at, that stage, did not p rc1·rnt. the death of 
the lamb. Some of thcsn vitamin .\-deficient ewe~ 
ll"hic:h had received no trea tmm1t werr r<>taine<l OJI tlw 
deficient ration and were matecl again. Half of them 
ll'erc gi ven n vitamin A supplement and the others 
se1·_ved as controls. Lam bing has termin ated and lias 
produced twc-11·0 li.l·c lambs from twelve tr eated ewes 
c,ompn1·ed with one li1·e and elcl'e11 clea(l lambs from the 
twelve <'ontrols. Vitamin A contents of plasma, 
r.•Jlostrurn. and, i11 some cHscs, l il'er tissues arc being 
,letermined. 

, (b) Develop111~11f. of Reprocl11c_lirc1 A cfirity in Young 
/1wes.- Obs~rvations ll'el'C contmll(•d on thr ee groups 
of rwcs whrnh ,,·err <hopped ot four-monthly intcr-
1·:;ls t.hrougbout 1947 1111d 1!148, and malwl in successil'e 
_vpars fol1owing tl1eir birth . In 19-1:8, only thirteen of 
2~ ell'cs horn in the prc;-ious sp r ing horf' lambs · in 1949 
~even 011t of 64 materl e1l'es foiled to produce la;nbs, but: 
in 1950, only one nut of 64. In the one g roup for which 
figures ore avoila h1P for three seasom tl1e penk of the 
lambing has adva1\ced from SeptemhC'l' in 194S to J uly 
in 194() and to }.Jay in 1050. The Parlier lambing in 
1950 may have been due to the sndden iutl'oduction of 
rams iu mid-December. 1940. Jn pnwious yea rs tlie 
rams had been running with the rwe~ contin11011sly. 
These observations ham been disconti11ued. 
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( c) Inf erlility in JI) wes on ()lo ver-dominant Pastures. 
- Reduced fertility in flocks of ewes is a serious 
problem in some parts of Australia. As described in 
earlier reports, it occurred for several years, in one of 
its worst forms, in the Great Southern District in 
Western Austr.alia. The co-ordinated efforts of r esearch 
workers in Western Australia and in this Organization 
led to a better understanding of causal factors. Methods 
were recommended for keeping the ratio of subter
ranean clover to grasses in pastures below the dangerous 
]eye) and for better pasture managemeut. Satisfactory 
results baYe apparently followed the adoption of these 
methods and the use of adequate amounts of superphos
phate for the top-dressing of the pastures. 

Relevant scien tific problems of great importance 
remain to be studied au<l the Division of Animal Health 
and Production has co-operated with the Division of 
Plant Industry in observing the effect of l ight, grazing, 
and fer tilizer treatment on the content of harmful 
oestrogenic. material in subterranean clover. Oestro
genic activity of the plant material was determined by 
t.hr o-uinea-pig method of bioassay previously described. 
It 1~as shown that the shading of plants significantly 
lowered the oestrogenic activity, possibly by reducing 
the proportion of leafy to petiolar material available, 
and that the activity of cl over collected in September 
was significantly greater when fertilizer treatment did 
not include phosphorus, whereas neither calcium nor 
snlphm exercised any significant effect. Tl1e samples 
hrl been collected .at a particular stage of growth at 
mid-September in the south-west of Western .Australia 
and it cannot be assumed that similar results would be 
0Ltuincd elsewhere or at different times. It was further 
shown tliat the activity of cloYer collected in early 
October from an 01·C'a which recei,1ed little or 110 
potassium in its fer tilizer treatment was not signifi
c11ntly differe11t from that of clover from an adjacent 
arua ll'hicb had received potassium, and that Dwal
µ;anup clo·rnr and Bacchus Marsh clover collected in 
Western Australia in early October sho-wcd a similar 
degree of acti-rity. From such results the importance 
of different clover spec~es may ultimately be assessed 
and i t may be possible, in r etrospect, to relate war-time 
reduction in pho1-phatc top-dressing of pastures to a 
h igh incidence of infertility. 

Guinea pigs have 11gain been used as experimental 
a11imal.s in the study of infertility due to ingestion of 
subtenau::-nn <'loYer. Clover of about half the activity 
of that whirb l,ad previously produced infertility in 
guirn.:H pig~ when it constituted one-third of their daily 
rntion, 11·n5 feel at that le,·el .to four pairs of guinea p igs 
ornr a period of six months. TJ-10 fertility of the pairs 
n!rnaincd at a high leYel throughout the whole of the 
period of f eeding. 

( d) Excretion of Oestrogens by Pregnant Merino 
E'i,.e.s.-In the investigation of problems of reduced fer
ti Li ty of ewes described in Section 12 ( c), it became 
apparen t that there were many gaps in knowledge of 
the normal excretion of oestrogens, among other things, 
by sh<'ep. In this study, urine and faeces of pregnant 
,rn·es ,rnre examined in order to determine the amount 
of oest,l'ogen present. Tho results showed that, in preg
u:m<',V, urinary excretion of oestrogen occurs only in the 
last. fe11· ,l'ceks. Faecal oestr ogen " ·as found to be 
absent nntil fairly late in pregnancy and ,1·as generally 
thcrr in greater amount than in the urine. Tbe levels 
11·e rc loll'~l' than those found for other species. 

(e) ,lfefhods for /he E:rverimontnl Slttdy of Pre
nalol :l[ ortality.-It is possible that infertility in ewes 
llt:l? in some circumstances he associated 'l\·itl1 pre-natal 
morta lit:r. A method of usiug hexoestrol for inducing 
sncb a • mortality for experimental study has been 
rontiuned. Although it wa~ confinned that a single 
close of 1-2 mg. usually, and 0.5 mg. occasional1:v, 
terminates pregnancy when administered 28 days after 
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mating, it appears that hexoestrol i s much less li~ely to 
disturb pregnancy in the later stages, but the evidence 
is not conclusive. When 135-810 mg. of hexocstrol was 
administered in a single dose, 8-16 weeks after mating, 
disturbance of pregnancy was observed at autopsy two 
weeks later in only a few animals. However, only four 
of twelve animals which received a dose. of 400 mg. 
during that per iod gave birth to lambs. 

(f) Studies on 1lfechuni1mi of F'ertil•izalion and on 
Gametogenesis.-Results of experiments continue to 
support the conclusion that some form of preparation 
or capacitation in the female tract is required by the 
sperm before it can enter the mammalian egg. Inv.esti
gations arc being made to find out the reasons for and, 
if possible, the nature of this capacitation. I t seems 
dear that the principal barrier for the sperm is the 
zona pellucida. The physical and chemical properties 
of the zona and of the other cell membranes are the1·e
fo re being examined. By histochemical methods the 
zona has been shown to be a mucoprotein containing a 
large amount of carbohydrate. It is soluble in dilu te 
acid sol utions (rat egg) and in sol ution having a reduc
ing potential (rat aud rabbit egg) . .Attempts to demo11-
strate an enzyme in the sperm which will act upon tlrn 
zona have so far been unsuccessful. 

The time rel ations of the stages of fer tilization ·in 
vivo have been studied i11 the rat egg. Compar ison with 
data obtained earlier sl1ows that the process of fer tiliza
tion proceeds about five times as fast in vivo as in vitro 
under the conditions of our experiments. The results 
indicate that, in vi·vo, the sperm may enter the egg and 
form a pronuclcus within one hour after ovulation; 
the growth of pronuclci takes ten to twelve hours, and 
foe first segmentation generally occurs about 22-24 
hours after ovulation. The data arc at present being 
t'xamined statistically. 

The maturntion of the eggs of the rat and rabbit is 
being investigated, with special reference to the 
histologicnl cliange in the coutents of the follicle. The 
increase i11 follicle size during the :final stages of 
111:1 tnrn t ion appears to be due mainly to au accumula
tion of rn11copolysaccl1aridc. The differences in the 
notion of l1yaluronidase on the cumulus before and af ter 
fi11al maturation can be shown to be due to changes in 
the interccllular connexions of the follicle cells rather 
tlian to any change in t he properties of the hyaluronic 
ncid ge1. 

The development of the spermatid has been studied 
in ra ts and rams, witl1 the aid of the phase-contrast 
microscope. By this means observations have been 
made on the living cells, thus avoiding t he introduction 
of artefacts which are so prone to lead to misinterpreta
tion of the picture presented by fixed aud stained 
material. The resu1ts confirm in general the classical 
concept of spermateleosis, but a number of minor 
morpholog-iral differences Jrnvc been fom1d. Tt bas also 
been possible to see motility of the tail filament long 
before tlie formation of a midpiece. Tl1is observation 
is contrary to certain widely-held views on .~pe1·m 
motility. 

13. BREEDING AND G ENETIOAL STUDIES. 

(a) I nbrecl Ji'loclcs of Australian .iii erinos.- P rogcny 
of the five inbred flocks have continued to show a down
ward tren d_ in vigour, size, and fertility. The 01·iginal 
r2ms heaclrng the flocks have been su cceeded by their 
most inbred sous. The mean coefficient of inbreeding 
of the animals in all groups is now 23.1 per cent. and a 
maximnm of 50 per cent. lrns been reached with some 
nuimals. In one group, animals witl1 a coefficient of 
inbreeding of over 40 per cent. are not survi,rinoo. T J1e 
earlier fu1ding that the inbreeding was not pr~ducing 
uniformit_y of character ization wi thin the groups has 
hcen confu-med. In the top-crossing experiment, tht' 
progeny groups from tl1c ffrst matings of inbl'ed rams 

and unrelated flock ewes had fleece samples taken troru 
them as ·two-tooths. A further mating has been made 
in wh ich sires from the inbred families are put with 
other :flock ewes. The sires have been selected as having 
none and 25 per cent. of inbreeding respectively, and 
have been drawn in pairs from each family at both 
degrees of inbreeding. 

( b) Inheritance of Component Fleece Charac-
1 erist£cs.- These studies have been continued. The 
first F 1 progeny in the investigation. will ha~•e :fleece 
smnplcs taken as two-tooths. The :first F1 x F 1 matings 
lia,·e been made. 

(c) I11heritance of "llairiness" and " Fluffy-tip " . 
-The studies have been continued . Development of 
the F 2 •population is continuing and fleece samples 
hHe been taken for examination. 

(d) Sl·ucly of Breeding Systems.-Tbc objectives 
and n ature of this investigation have been described 
prer iously. The investigation entered its fifth year 
with t he 1951 matings. Rams in tlie mass selection 
(phenotypic or individual merit) and control (no 
selection) groups were mated individually for the :first 
time, as more pens were al'ai!able than previously, in 
Ol'der to determine and control the degree of inbreeding. 
Twch-e rams were mated iu the proven sire group, 
four sons from each of the three sires originally 
chosen on progeny test. Six groups were again mated 
in the family series, in which selection is for or 
against a single character in each grou•p. This series 
is now at tLe stage when up to four generations of ewes 
are being mated to the head of the family and a high 
degree of iubreeding is being attained. The Big x Big 
family in this series is yielding results which show 
t hat the progeny are bigger both at birth and at wean
ing thaH the average of the whole series. 

I n connexion with these investigations, the Section 
of "Mathematical Statistics is making a statistical 
tixamiuation of contributing factors derived from both 
animals aud 11"001. The data ii1clude body size and 
clean ,mo! weight for each animal, and foi· wool, its 
fibre diameter, staple length, number of nbres per 
unit a rea, and number of crimps per unit length. 
8cores arc also given for <legree of wrinkli11g of the 
skin on neck and side, aml for the amount of wool 
on the face. 

In these studies, the ma in criterion of production 
is weight of clean wool of a specified qnality, and in 
considering this factor, its component part.s-namely, 
mean cross-section area, mean length of individual 
fibres, mean number of fi bres ·per unit area, skeletal 
snrfacc area, and increase in skin area <lue to amount 
of ,n-inkling or folding-are being examined. The 
influence of environment on each character is being 
assessed, and the heri tability of each estimated. 

By a simple method devised to express the actual 
mcnsurements of the fh·e characters in terms of per
Ct'ntagc deviations ( which then add approximately to 
the deria tion of clcau wool weight), tlie sour ce of 
differences in wool weight between groups of animals 
can 1·eadily be seen. For example, a sire which con
fer~ extra wool w_eight on its p rogcmy solely through 
mcrc:1scd fibre drnmett'i- may not bl' considered as 
rnluablc as one achieving such a result through in
cl'casetl number of fibres. Fornier1y. the A Bl flock 
has provided a good many of t h (• data for this analysis, 
hut tbc method is now bei11g a1pplied more widely. 

The rel11 ti re con trihut. ion of each of the characters 
to variations in clean wool weight between individual 
animals has been studied, and i t has been found that 
the percentage area of skin cover ed by fibre ( this being 
dcrfred from cross-sectional area and number of fibres) 
nccotrnts in the AIH ~oc_k fo_r approximately 70 per 
cent. of the total variat1011 1n wool weiooht between 
animals of one sex and nge. This analysis also is 

being extended to cover other strains a11d breeds. 
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. A lthoug·h it is still too early to expect positive results 
for most of the objectiYes of this investigation, much 
useful information has been obtained. For example, 
it is now possible to say that the p l'ogeny from 
"maiden" ewes a r e inferior to •progeny from matur e 
ewes, at leas t up to the age of two an<l a half years. 
A lso, now that three offspring by the same ram from 
the same ewe are available in large numbers, i t is 
poss ible to determine danghter-daru regression s am! 
the repeatability of sire performance. Both of these 
determinations arc rnluable contributions to any 
animal breeding programme. .11. stage has been r eached 
when it becomes possible to measure the genetic con 
tribution by botl1 sire an<l dam. This should have 
practical value in view of the dominating attention to 
the s ire in all commercial breeding programmes. 

(e ) The Study of Slrni11s of Neri.no Sheep in 

::,evei-al En.v£ronmenls.-V\T ork on this •project pro
ceeded satisfactorily at "Gilru th Plains", Cunna
mulln, Queensland, and at "Ohiswick ", 1-\rmidale, 
New South i :Vales. The second drop of lambs was pro
ducecl at both centres au<l obser va tious were com
menced on the first year's progeny. Data on body 
measurements, scol'Cs, aud wool measurements are 
being acemuulated . S ubjective gradings of fleece 
characters were again made by a worker from th e East 
Sydney T echnical College. These gradings are filling 
an important gap which cannot be cover ed by the 
objectiYc wool measu r ements being made at present. 
Purchased rams were exchanged between " Gilrntb 
Plains" and Armidale prior to the last mating. 1\ 
section of the medium 11011-Peppin strain was trans
ferred from " Gilmth Plains" to Arrnidale, so that all 
st.r ains a rc now represented at each centr e. Each of 
the studs of origin was Yisited and rams were iuspected 
for general soun dness, including the co11ection of 
semen samples. Progress wns made in the> establish
ment of the third cen t re, at Deniliquin 011 an area 
adjoining tl1e Falkincr Memorial Field Station . 
Groups of sheep co11sisti11g of one-third of those of 
each strain at the t,rn original centres were trans
fen cd, and transfcrf' ll'Cl'C s tarted at th e end of the year. 

At "Gilrntb Plains" in the study of some of the 
reactions of the sel'(Jl'a l strains to the common environ
ment, l'esul ts· ha ,·e already hecn obtained suggesting 
that the level of ferti li ty ,·al'ies appreciably between 
strains. Fo1· exawple, tl1e large-fr amed, strong-wool, 
non-P eppin, South Australian strain h a;; been out
standing i n its perfonnancc at lambing, lamb-marking, 
aucl wc,rning, ll'ith the small, wrinkly, fine-woolled, 
New Englan d type at tl1e 0thcr end of the scale. Also, 
dm ing the Hl50 season with the unusual 1·ninfall of 
31.1 inche~, the fine-wool shee-p withstood the condi
tions better than the strong-wool sh eep . There lias 
been a trend iu the pl'ogcny of the extreme types away 
front theil' pal'ents. _\]though it is gcuerally accepted 
that the clegrec of ('l'irnpillg is a d ir ect ii1dication of 
the fine11e;;s of tlte fil)l'c, i t has been fou nd dnring thl' 
year that the nietfiu111~fine Peppin "13 ·, strain gar c 
11 flcccr appl'l'Ciauly fin<•r and 11101·c de11.•c• than the 
fine-,1·001 J1011-I~eppin strain a \though tlw re>specti n· 
c·1·imps per inch were 11.-! and H .7. 

:H . \ nuidale, for thn srcond year i11 succession, co11-
tinnous l1ea,·y rain placed a stress on the sh eep aud on 
the ma1rngemcnt. There 1Yas a diffore11ce in th(' 
react-ions to the stress hetll'ecn the g roup;;. The inci
den ce of wool fault~ sucl1 as water stain, fl.ce>c-e r ot, 
can a ry ~ta i11, nnd cotted fleece was highest in the 
strong-,1·001 s train (53 pt·1· ceul.) nwl lowest in the 
fine-wool s train (JO per cent.) . 

14-. B101,0011;,1J, S n 10 1J,;~ OF T 111" S 1, 1N .\l'rn \Voo1. 
G ROWTH. 

(a) Comvm·alirl' Sl:Hlli_es of JfrP.cd~ of 1:-Jheeµ-A11 
}iJ;1.'perime11 /al Sl11d11 of L111col11. Co1·r1eclale . Polwnrlh. 
uni/ Fi11r-ll'ool Jferino Ewes.- Thc second s tage of th is 
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experimen t was comple ted. The -first stage was con
cerned 11·i tb tlic a11a l,ysis of the fleece and other charac
lcristics of ewes of the four breeds on a standard high
quality ration available in unrestricted quanti ty. The 
second stage has been concerned with .the changes 
occuni11g when th e amoum of the same high-quality 
rntion was reduced i11 successire months to 80, 60, 40, 
and 20 per cen t. of the food cousumptiou level iittained 
nntlcr tl1c uurestrictcu regime The ultimate low leYel 
of 20 per cent. was maintained for three consecutive 
111onths until C']11ilibriurn was established fo r the main 
eli aractm·s measured. 

]f the value for each character measured at the 
unrestricted lc1·cl be takr11 as an index figure of 100, 
t:l1c ultimate values attained at the end of t·he experi-
111ent fo r each breed niay be summarized as follows:-

l\fC'asurcmcnt•. Lincoln. Corrlcd"lc. l'olwnrt h. Fine Merino. 

Clean Wool .. .. 48 35 37 27 
Wax . . .. 29 26 25 22 
Suint .. . . 56 37 37 26 
Fibre diameter '. 86 67 G2 60 
Lribre population den-

sitr (No. per sq. in.) 101 102 103 

I 
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Numerical s.ize of 
follicle group .. 93 106 91 101 

Relativo size of pri- I 
mary and secondary 

I I fibres .. . . 10!-) 114 108 114 

It is apparen t from t his brief summary that when 
the intake of t11c standard ration used iii the experi-
111ent was reduced as low as one--6.fth of the self
irnposed high lcYcl, neither the breeds themselves nor 
t he indi,·idual charncters measured responded equally. 
The first four characters in the table are all r elatively 
lllOl'e unstable in the face of the food intake changes 
thnn are the last three chamcters. Important inter 
nc.:tions haYC also been obsen ed between food intake, 
ni1· temperature, and the insulating fleece bmclen in 
rel a l'io11 to the le,·els of clean wool, wax, aud suint pro
duction attained during hotl.i th e first and the second 
51:ages of this experimen t. 

(b) (.'0111 parali,_ve 1:-Jl·iid,:es of Breech of Sheep: Pielcl 
:3/uclies vf the SI.in and Pleece.-The study of skin a nd 
tkccc rariation witl1i11 am! between stud flocks of the 
breeds aud strains of sh eep important in A tIBtralia 
is bcin~ continued 011 irs present systematic basis. 
With tlte use of histological and other criteria, this 
~tudy will continue for se\'eral years tmtil a sufficie11t 
1111mber of animals ha m been examined under a suffi-
1.:icnt nil'ic-t,y of conditions to establish the main limits 
or pheuotypic rnriatiou as a background to more 
i ntensirn biological studies such as that r eferred to in 
the prcc<:ding seetiou. Tbe programme of study will 
l.1• rxpa11ded i11 the ensuing year. Apart from thi.s 
plias<', field obscrrations a rc accumulati11g to establish 
,-.0 1nc of tltt• 111ain rcn.sons f()r the differences in response 
of different fleece type~ to the important clima tic 
,·::1ri.1hle, of a i1· temperature and nir moisture 
( t•~·;it"ci 11 lly ra i u fa 11). Some fleeces, such ns those of 
r\11' fine .\lcri110, llJJpca1· able to end1.11·c couside1·able 
t•xtre111c,: of r aiu fo ll nncl tc11,pernture without un toward 
1·is ible or indirect effects. Other fleece types, such as 
tlio.-<· 1\'ilh attrib11te:; similar to the O01;riedale1 appear 
rnorr ptone to aclmi t moistur e, especially rain, and 
to exhibit endogen ous clisc:olorations (snch as "canar y 
,:(nin ") o r exogenous e0lour <:ltanges (such as th ose 
dur 10 bacterial :ictiYit.y) . _\11 exnrninntion of the 
factors fo r which tht• animul i ;; responsible in such 
c-:1~cs is a natura l part of the comparative breed 
~rndies. The focns of interest. nt present centres on .the 
111odc or groll'th of tlw fleece staple, tbe compactne!'-., 
of flf'rC'r g ro\l' th, t he cha1·acter of the skin secr etions 
(•omposing tlie> 11 _yolk". a nd tl1r physiological 



i'esponses of the sheep tu certain physical stresses 
such as the " sweating" response to various combina
tions of heat, humidity, au.d insulating fleece burden. 

(c) An ilnalys·is of Sk·in awl Fleece Characters in 
Ewe Progeny of llie Top &-ires in an /:Lw;/raliwh 
Jllerino Slml.-1'his study is being continued by the 
regular sampling each year of at least twenty single 
ewe progeny, in order of birth, by each of firn sires in 
the stud. As far as possible, fresh progeuy sam pies by 
each of the top three sires are takeu for each lmub-d rup 
on at least two consecutive years, while each year the 
pr-0geny of two new rams of specia l interest arc 
included. Th is _study is based on an examination of 
skin sections and the related fiecce staples from a single 
body region 011 each ewe. Results cannot be finalized 
for at least another two years. In consecuti,·e years a 
fair repeatability has been noted for any given sire 
in the values found but ell\·iroumcntal influences due to 
varying seasons, as expected, complicate the interpreta
tion of the <la ta. 

(d) Experimental Jl ,islology of Ski1i und Jfoir 
G-rowth: The ,lnalysis of Hair ft'ollicle Types i11 
'l'issue Oullure.-Pre,·ious work by a member of the 
Section in oYerscas laboratories established that both 
the sensory hair,s or vibrissac of the upper lip of 
embryonic mice and the pelage hairs of the trnnk would 
develop in tissue culture. In the newly established 
tissue culture m1it, the bchu,·iour of the two fo11iclc 
types has been compared in the uniform cm·ironmcnt 
of culture chambers. Many differe1H'<.'S were fo11nd 
between vibrissae and pelage foll icles and their hairs 
during normal development. Skin pieces taken from 
the upper lip of embryo mice before pcl'rcptible foll ick 
formation produced, during cnHivation, follirl os and 
hairs with the essential r·liaracteristics of ,·ihrissac. 
Similarly, embryo skin pieces from the trnnk taken 
before -follicles were in any way perceptible produr-crl in 
culture follicles with the essential fcatmes of the pclag<· 
population. Thus, even bcforc follirlcs appear, the> 
skin from a particular body region must be "clrtrr
mined" for a particular ty,pe of follicle and lrnir. 
Such differences arc not due to the c111l1l'y011ie or the 
pcst.-natal cnYil'Onrnent. 

With the routine of sbn tissue cul tnr<' e~tablished i1; 
should be possible to compa1·e by sim ila r metl,ods the 
differnnt follicle and fibre types of the sheep, notably 
the primary and the secondary components of t hr hai r 
follicle group. It is proposed to a ttempt this ~oon. 

(e) !'),TJ)erimenfal Tlistoloyy of th e 8lri11 onrl llr1ir: 
Nntritional R equ·irements for Rn ir Gron·/7, in Tiss111• 
Giilture.- T]rn pclage fol licles of rm bryo mousr skin 
develop normally when cultivated in a medium of fowl 
plasma and chicken embryo extrart. Dy rnryi117 thr 
cnncentration of individual nutrients in this medium. 
their effects on follicle differentiation and fibre p:ro1\·th 
may be determined. The effects of different roncentnt 
tions of p;lurose are being studied . 

15. S1rnEr D1s1-:Asi::s. 
((l) Caseo11s Lymphade11ilis of Sliecp.- Thcsr rxpcri

menti; ,,·crn designed to detcrminP t]1p rnhw of hY<l 
methods of rontrol of the disra,se, an an11ua 1 pre
shearing vacci11ation, and the placing of shrep dircrtl_v 
"off shears" in a clean 1·c>sterl paddock. 'T'hc cxpc>l'i
mcnt commenced in 1V46, and the two groups from th~f 
,vear should h ave bern ~rnt fo1· slaugl1ter in Hl:30. 
Unfavorable seasonal ronditions caused a rlel ay, hur 
flrrangemcnts were mnde for the Rla11p:hte1· in .July. 
l 9/51. Further r~rouns of wef-lrnr ,1·eanrrs were hroup:11 f· 
into the experimen,t, in 1947, 1!)48, an<l l 9-I!l, and thr~r 
should p:o to slaughter in 10/5·2. Hll'i::3. ~nd 1!l,i4 
respectively. 

(b) "To.w,rmiic Jamulice" of 8h//e11.-Tn ea rlier 
Reports, pl'o~1·ess of 1·r~e1nrh w·ork 11erformerl hy the 
Di,·ision of Animal Health and Production with the 

50 

co-opera tiou of the V ctcrinary Hesearcl1 Station, 
Uleufield, New South Wales. in the field and with 
the assistance of other Divisions of the Organization 
and State Yeterinarians, has been described. It was 
shown tha t there were two major disease conditions 
contributing to deaths ascribed to "toxaemic 
jaundice", namely, chronic copper poisoning in which 
jaundice is of the haemolytic type, due to abnormal 
destruction of red blood corpuscles, Hild heliotrope 
poisoning- follo\\'ing ingestion of the hepatotoxic plant, 
Jl c/i,o/ropium wrnz1aewn, in whi rh jaun<lice results 
from li ,·er damage. l'roblcms associated with each 
r·ondition arc complex and, in some respects, closely 
related. 

(i) C'ltronic C'op71er Poi..~011iny.--Experiments m 
the field and in the laboratory have been continued. Ill 
tl1e field experiments, attempts have continued to estab
lish pust11 1·cs wliich can be expected to cause t:he disease 
in g1·a;,:i ng sheep and so provide cases developing under 
c·onditious simi lar to those on affertcd properties. 
Subterranean dover has been the plant of choice and 
tbP ai111 was to obtain early germination and lusl1 
a11tn111n gro\\'th. By dressings applied to plots tht• 
reaction of the $Oil was made more alkaline aucl more 
ncid respectively, and an untruated plot re111ained as a 
c·ootrol. Tl1is field work ll'aS perfo rmed at tl1e Cobra111 
Field Station in Victoria anrl, despite c·ootrol of soil 
moistmc by early in·iga tion and soi I read ion, inability 
to control other climntic conditions, rspceially tempera
t1nes, has largely defeated the objecti,·e. Conditions 
did not become farnrn blc> to tht' prodndion of the 
disensc> although one animal on thc> rontl'ol plot died 
after rle,·cloping the cl1araderist.ir· 11:wmolytir crisis. 
l I o,1·rn'r. the obscrrations mad<> 11ndpr the ('Ondi t.ion" 
\\'hich prrrnilrd hare added to knowkdp:r. Tn another 
firlrl c>xpcri111ent located a t Tmnban1n1ba Yew South 
1\' ale1<, nut11ral subterranean c-lo,·e1· p;1sturcs werr• 
sclec·tccl anrl top-lli-essed with lime and molybdenum to 
drtc·rn1i1~e if_ tlw molyhdennm inta ke of the slwep in
c·reas<'d m this \\'a.Y wonlrl prevent the oecnnc11cc of th!' 
rli~ra,e. CTnfortnnatd?, the C'arly n11t11rnn rain~ dirl not 
fall; <·limatic conrlitions were thc>rPfo1·r nnfaYorable 
for tl1r rarly Mocking planned. ('hernical st,11rli c>s of 
tl1e pastnre, lJowevcr, yielded useful informat ion and if 
0111'1,V autnmn rains fall in Hl52, tl1e experiment will be· 
(•flll ti 111 IC'Cl. 

Th~ study of the fa<:tors i11f1uenc·i.ng copper storage in 
Iii<' hrcr of sheep lrns l1cen contim1Nl in laboratorv 
rxpcriments., Studi~s of the rno1·bid anatomy of liv~r 
and othC'J' a ffcctcd tissues h:1,·e been continuecl <lietetir· 
factors likrly to inflnencr tl1e absol'ption 1111d storau;e of 
ro111wr jn 1'11e lirn1· arc beino- intrnsi,·ply sh1dird · an<l 
ohsen-ations 1mm bc>rn made ;n the relationsl1ip hct"·een 
thr r-opprr and mol,rlidPn11m len?ls and partition in tl1c 
hlnod of expe 1·iment11 l shecp. 

, ( ii) Tleliolropr Poiw ni11_q.- ]Tielcl studies on this 
chsea;:r ha 1·r- hccn rent red r·l1ic>f!y at the Ba rooaa :Field 
Station, Xcw S011tl1_1Vnlcs. wh~re ~xpcrimental group~ 
of sheC>p ,,·r rc> s11_brn1 tlwl t? a gTazrng period on helio
trop: for thP tlnrcl yea~· m SUC'Crssion. Some groups 
1·c•rr1,·rrl no othc>r sperial tr<>ntment. ,,·l1r1·ra~ otl1er.~ 
;WC' ivrd cl1·.c,ncl1e;; contaiuini:r 1!1ol;l'.bde11~1m or copper. 
.I'hr 11101·1'11hty r11te assoernterl \\'1tl1 ,1annrl1ce ll'as bicrh in 
0 01110 _c:ronp.~ an<l tlw rrsnlts of rxarnination of mat;;·i11l~ 
<,ollc-r-tc•1l are !1einp; collated and ai-sc>s~e(l. ]l'fembers of 
111'0 ~ro11p_, of s~JC'ep wr1·r tran>'frrrrd to thr lnhoriltor,Y 
fn1: n101·e 111t~n~n·r study. In gcnrral, thr nc>lll studies 
pnrn t to a lnp:h <.'" ;iper storap:e in thr l i ,·e1· as ::i Mn
r·,,111 i t:111 t ~•ffo,-,t nf lieliotropp poi~o11-i11p: and in s~me of 
thr ex1~c>1·1ment11l _g1·011rs witl, raiRrcl c>oppc,1• intake the 
1nortn hl·y rati: 11 ~t<'l' i·rpP_ated g rn:-:ina;s on heliotrope 
•ePmNl to b<' _s1gm~cant:lY rnr1·C'asPrl, that is, the avidit? 
for coppe1· 1s 1·a1sed in sheep tli::it liave crrazed 011 
heliotrnpe and tne ani11111l;, arc rendel'Pd more t1isreptiblr 
to chronic copper poisoning. 
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At !,he laboratory alkaloids and tLeir derivatives 
prepared by the Divi~ion of lndustrial C hemistry from 
the plant 11 e/iolropittrn eiiro paewm hnve been place~ 
under study in experiments wi tl1 rats. At lea~t one of 
these nrnterials produced an enlargem_en_t of hver c_clh 
(megalocytosis) which is a eharnc~en st1c pa_tl10l?g1c'.'-l 
chauge found in 1rntm·al cases of liehotropc po1s0111ng m 
sheep. Other materials were lethal bu~ p roduc~d no 
such change in the liver. These expcnments w111 be 
further extended and continued. 

(c) Sheath Rot.-Periodic obserrntion:; were con
tinued throughout the year by the Division of .111imal 
Health and J:'ro<l uction on a .Hock of ,150-500 wethers 
in the 'Ncstern District of Victorin. The seasoual 
variation in the incidcnc:c of both external ulceratiou 
and internal iuv-olYement of the sheath fo1lowcd the 
same general cour ·e as i n the two pre\·ious years. The 
preventi\·e effect of 1·emo\·ing the wool around the 
sLcath of a proportion of animals, at monthly inter
vals from J auua1·y, l 950, has been examined. The 
incidence of lesions was lower than 1· hat in the othel' 
animals of the flock througl1out the whole ver iod, bnt 
not much lowel'. O pportunity was tal<C'n to collect 
matel'ial for pa thological examination from affected 
s]1ecp sent for slaughter. Tl1e cal'lier a:;sumption of 
workers on this disease was tha t it "·as of infcetirc 
origin. Thcl'e i s e,·idence to suggest that th is may not 
be con ect. 

( d) J,'Zeu·e Rot and .illycolic Dermaliiis.-Further 
studies of the predisposii1g factol's to fleece rot in sheep 
were carried out at the McMastcr Field Station during 
the continuing wet ,\·cather in 1950 ancl 1951. The con
ception that certain strains of sheep arc predisposed has 
receiYcd furt hcl' support. The association with c·ertain 
strnins of sheep is closer than tlrnt with any particular 
clrnr aetcr of the ffoece or of the sheep's conformation. 
As oppol' tunity offers by \·irtue of the climatic condi
tions prerailing, hcl'edital'y prcrlisposition will be 
investigated. 

Investigation of a morl'ali ty in rer,r young lambs iu 
the Dubho district of New South Wales showed that 
they wel'e extcnsirely affected \\·ith mycotic 1lern1atiti;;. 
Most of the body su l'face wns invohecl nn<l had hecomc 
relatirnly rigid, making mornmcut difficul t anti pain
fol for the animal. The 011tbrrak wa;; associ11tcd with 
prolonged wet wea ther. 

(e) t lborlion in E1oes.-,\ forrn of abortion in ewe;; 
which occurs so late in pregnancy that the lamb usually 
appears to be born dead a t full term has been recognized 
for ~e\·crnl year s. Material for micl'Obiological sl·udy 
has been difficult to obtain. HoweYer, d uring the yrar 
material became a rn ilable i11 the N cw England Distl'ict 
of New South Wa.les. Rickettsia-like micro-organisms 
were found in stained sections. Plans wer e made to 
carry out an inten si,·e inrnstigation sh ould t.h r disease 
l'ecm in the flock. 

lG. Il\'T~~H.KAJ. I'A!!ASI'l'ES. 

(o) S/.nd-ies on 1lnlh elrn·i11/ics.-Furthcr ,1·ork ha" 
confirmed the need for la rger dose~ of pl1enotl1iazinc 
than those usually prescribed if hea,·y infestations of 
'1'1·icl1 osfro-n gyT11s spp. are to he trcn tccl cffccti rnly. 
"Micronized " ph cnotLiazinc appcal'rd to be more 
cfl'ective aguirn,t 1'richoslrongylus spp. titan ol'dinary 
comme1·cial grades of the drng, but ful'ther study of thl' 
effect of particle size is 1·cquirl'd. 

Under some conditions, \,·hic:11 are not yet undC'l'Stootl, 
phenothiazinc treatmen t appca1·;; to r ct,flrcl l iYc-weight 
increase in young sheep for a time. This was confirmed 
in a small t rial with worm-frrc sliC'cp. 1-IowP\'er, thi;; 
effect, when it does occur, is likely t.o be more tlrnn 
offset by the benefit derived from 1·emoval of worm 
infestation. A trial was carried out in the field on a 
pl'oper t,y where some adverse effects of treatment wi tl1 
plienothiazine wr.re sa id to haYc orcunecl. Wo toxi<· 

effects \\'ere obsened iu a gr oup of wonu-infested 
weaners which was dosed on three occasious with pheno
thiazine, and a greater gain in body ·weight was made 
than in au untreated control gr oup. 

Au outbreak of photosensitization in young larubs, 
following drenching with phenothiazinc, was seen in 
Tas.mauia, with officers of that State. T his is the fir..;t 
occasion on which the cond1tiou has been observed after 
phenotbiazine treatment of sheep, al though it has 
ocrmr-red fairly common ly in ca lves uucl to a lesser 
extent in pigs. 

SC\·eral compounds which have sh-0-wn toxic effects 
against bacteria, fungi, insects, or protozoa were tested 
fo r possible a nthelmintic effects in sh eep. The tests, 
necessarily limit.eel in nature, gave 110 indication of 
anthelmintic effect so far as the following \\·C'l'e con
cerned : pentarnidine, stilba.midine, P.thyl-N-phenyl
cHbamate, tetrachloro-zi-benzo·quiuo11e, 2,3-dichloro
naphthoquiuone, copper-8-bydroxyquinolinate, 8-hyd
rnxyquinol ine, bis ( 5-cbloro-2-bydroxypheuy 1) methane, 
phenyl mercuric oleate, bismuth fluoride, st-r ontium 
c:hl'omate, 2,2'-dipy ridyl, 2-hydroxycliphc11yl carbamate, 
selenodiphenylamine, and phenyl mercuric phthalate. 

Zinc H1'$C'n ate, and carbon bisulpl1ide absorbed on 
bentonite, were effective against H nemonchus contor tus 
when injected into the m men but results w ith ca,rbon 
b isulphide/bentonite were extremely variable. H exa
cblorophcne showed some anthelmintic effect and larger 
doses will be tested. A mixture of tetrachlorethylene 
and carbon tetrachloride appeared to have no advantage 
over carbon tctrachlo·:·ide alone for the treatment of 
haemonchosis. Iodine, which has some effect upon 
71. conlorhts when injected into the abomasum, was 
incffrcti ve when lu rger closes were injected into the 
rumen. Small daily closes of phenothiazinc reduce or 
prevent egg production by female H . conlorlus which 
then appear to feed less actively. 

( b) f:Jludics on Resist ctnce tu N emafodc 1 nfeslalion. 
- Sheep which had previously been infested with 
Oesophagos/.onl!U,m colunibiam,,m resisted doses of larvae 
which were fatal to previously uuinfested sheep. 

Examination of reco-rds from over J 00 sheep showed 
that " self-cure" seldom occurs in sheep which ar c 
dosed wi th larvae while experiencing their initial infes
tation with H . conforlits. It is commonly e,·oked by 
:;11bsequent doses of larvae but there a re many auomalie~ 
w hich require elucidation. In addition to examin ing 
the nature o-f the "self-cure" phenomenon, it, 
epi<lemi-0logical implications arc under consideration. 
For cxa:mple, it n ow appears likely that the occurrence 
of outbreaks of haemonchosis is not deter mined solely 
by the numbers -0f infective la.rvae ingested, but also 
by the periodicity of the sheep's p re,·ious exposures to 
infestation. 

Further observations have been made on the effect of 
plane of nutri tion upon susceptibility to trichostrong_y
losis. Weaners on rations which r esulted in ]i \·e-weight 
increases of 21 lb . . and 33 lb. iu five months cleYelopecl 
much lighter infestatio·ns with Trichostrongyl·us spp. 
aftor a g iven dose of infective larrne than similal' sheep 
kep t on a plane of nutrition which was mer ely sufficient 
to prevent loss of body weight and which rccci\·ed the• 
same number of larvar. These sheep were obout 011P 
year old when the trial commenced and were carrying 
6 months' wool. When shorn, six months later, those 
on the low plane of nutrition rut 7 lb. 1111d those on t hP 
h ighest plane 12 lb. of wool . .1.\uother some\,·liat .~imila r 
tria I, now in J)rogress with younger slrnep, appears t!l 
hr .!!i\'ing similar results. These trials, and other ~ 
which have preccchxl them, indicate that sherp on a 
hig-h plane of nutri tion can cope with relatively h eav:, 
infestations with Trichostrongylus spp. and that there 
is a closer and clearer relationship between nutrition 
and resistance to these species than there is in haemon
ch osis. Tt i~ often difficult to see this rel ationship 
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clear ly under field conditions because of i uterncting 
circumstances. For example, iu field trials couducte<.l 
in the Yass district during the year, worm infestatio11 
increased appreciably during the abno-rmally dry 
sumruer apparently as a result of infestations acquired 
during- the wet spring months. Nutritional conditions 
for the sheep were poor and malnutrit.ion caused fairly 
heavy losses. 

Serological studies on resistance and imrn unity to 
bclminth infestations of sheep have been continued and 
are breakinp; new g-round. No evidence Las been 
obtained that r esistance to 11 aemonclnts conlorl us is 
the a·esult oJ acquired immunity. The vigour of the 
an ti body response to administration of fl . con! orltls 
larvae docs not 1·eflect the sheep's ability to resist tl1e 
infestation and circulating antibody, detectable by the 
complement-fo.:a tion test, quickly wanes. Mo1·c0Ycr , 
a sheep may resist one or mo·re infestations only to 
prore fully susceptible to a subsequent dose of larvae. 

The facts arc quite othcrn·ise as regards r esistauce to 
Trichoslrongylus spp. !H sheep which sm·1·i1·c this 
infestation, there is a strong and sustained antibody 
1·esponse. The fac:t that sheep two _years of age or older 
are Yery seldom affected with trichostrongylosis is not 
due to "age r esistance" as was previously thought, but· 
to acquired immunity. Sheep under a year old rapidly 
acquire immunit_y to Trichostrongylus spp., but worm
free sheep a r e still fully susceptible at 31--:! .rears uf uge. 
Considering the 158 sheep which have been studied 
serologically in connexion with experimental infesta
tion with Trichostron,_gyh1s spp., the beha1·iour of 132 
of them supported the view that the level of ci-rculating 
antibody is a r eflection of the degree of immunity and 
that of the r emaining 26 sheep was anomalous. T l,i~ 
difference is 11ighl,y significant statistically. . 

.'l..n interesti11~ o·bserrntion, ancl one which may ha r•~ 
certain practical applications, 11·11s th11t when the 
scrum tit.re of sheep infested with 'J'rich osh-011gyli1s 
"PP· declines, eggs of these species may appear in t lt t• 
faeces, el'en after a lonp; series of 11egatirn 01· 11ea1· 
negative counts. In these sheep thP wcn·u1s ha1·l' pc:r
sisted in the small gut for thrre or -four months without· 
producing eggs and without c:linical effect upon th,, 
liost, yet when the ser um titre declined, the i11frstation 
develupcd and i11 some cases pro\'Cd f::t t,a 1. Iii oit i: 
sheep the serum titre rcurnincd high for thirteen wceh 
and during tlte last six weeks of t his 1w1·iod faecal egg 
counts were negative. The animal was tlwn slaughtel'Cd 
and 01·er 5000 mature Trich oslro11qyl11s spp. 11·crc found 
in i ts sma 11 intestine. 

Although sheep on a vcr_y low p lane of nu trition an: 
more susceptible to infestation \\'ith Trichosfro11gyl·us 
l'pp., the low diets did not appear serio·usly to weaken 
1111 immunity which had l'Csnlted from prcvion;; 
infestations. 

Sheep which have been reared free of worm-s and 
in which a good level of cir culating antibody to 
T1·ichostronr,ylus spp. has bec.:1 induced n: c, ne,·crthe
less, still fully susceptible to Hacmonclws co11l01·h1s and 
the serum tit.re is not increased hv administration of 
H . confortvg larvae. Hence, alth~ngh sera which arc 
posi th-e to the complement-fixation test as a result of 
infestation with H . con/or/us or with Trichoslm11,qyl11.~ 
spp. noss-react, the stimuli to tlrn formatio11 of cir
r,ulating 11ntibodics to tl1e two speeieR mnst be quitr 
distinct. 

The "self-cure" phenomenon has been f111-thcr 
st.11clird. More closely spaced se-rological all{] faecal 
rxnminations have shown that the rise in serum titre 
ci t.her roincides with. or <1nickly fo1lows, tlw fall in 
fneca l egg count . When the decline in en:g count is 
tr ansient, so is the rise in serum t itre. That the rise· 
in serum titre, associated with "self-cure", is J1ot 
clue to a general release of antibody, was shown by 
in(lucing the phenomenon in sheep with circulat.ing 
"H " and " 0 " agglutinins to 8 . typhi-m1,ri111n . No 

increase occurred i11 the titre of these agglutinins. The 
"self-cure" phenomenon now appears to be due to an 
allergic ~Yl)C of r eaction in sheep which have been 
sensitize<.! by previou-s infestation. lt is characterized 
not ouly b;y n transitory r ise in cil'culating a1:tibo·dies 
to 11 aemonch,1ts contorlus but also by a still more 
transitory increase in blood histam ine. Of four teen 
slieep 11-hich manifested "self-cure" seYcn showed 
increases in blood histamine from 0 .l -0.2y to 0.5-0.7y 
ver m l. Of thirteen sheep which <lid not manifest 
·'self-cure" none sl1owed any increase in blood 
histamine. 

1

Tlie rise in blo·od histamine may O(}CUJ' on 
n11y day from the secoud to the fifth after administra
tion of larvae and is present Oll only one day, so that 
it i :; easily missed unless very frequent blood sample~ 
al'e t11kcn over a period of some days. The reactive 
substanrc was characterized as histamine• b,y the use of 
"Anthisan ". This work is proceeding. 

(c) Hpicla111Jiological Tnre:;;/,igrilions.-_it the 
.\Ldlaster :Field Station. 11ttempts hal'e been made to 
~tndy the populat.io11 dyuamics of helminth infestation 
b_y recording the rates of development of infestations 
in smal l groups of sheep with initial infestations of 
diffc1·ent Jegrecs. In one trial three lots of four sheep 
ll'itl, initial a1·ernge wonn-egg co u11ts of 6,300, 1,-±50, 
and ii75 per gram of faeces were run in small seJ)aratc 
paddocks. Durin,g the n ext four rnonths liea,·y infesta
tions derclo1Jctl among the sheep 1dth the initial i11fes
tatio11s of 6,300 and 1,450, but 1101 among those witlt 
the lightest initial infestation. When thi-s trial began 
tlte contamination rates for the three paddocks were 
approximately 25, 6, and 2.5 million worm eggs per 
dny. .\ t the lowest rate of contamination i t appeare<l 
that tl1c parasites dio not readily build up a 11eavy 
infestation. Further trials of this nature :i re rnquiretl 
but the 1·esults so far scn·c to emphasize the necessity 
for maintainin11; worm burdens at low lereh j f outbreaks 
11re to be avoided. If the contamination rnte is alJowed 
to rise nbo1·e a certain le1·cl the 1·isk8 of an outb.reak 
111ay be p;reatl,y increased. 

\Vitlt tltc co-o,pcrntion of the Department of ,\gl'i-
1·ulturc1 epidewiological studies began in Tasma nia in 
,J nnun.ry, lD51, andliave ah cady pro\·idecl useful infor-
11, ation on seasonal changes in the 11·on11 burden of 
~Iicep. Special studies were ca r ried out at" Fl'Odsley ·, 
il11ring· 10,10-51 and are beinp; con tinued. The worm 
lrnrde118 of lainbs in that region o-f Taswauin increased 
111 pid!y from N 01·ember to early Jan nary ancl the11 
dec,rcnsccl. Tt appears tl1at lambs nwy sutfrr i ll effect, 
from helu,iuthiMis for some tirne:: before weaning. Iu 
a11other trial n flock of ll'eaners on the east coast 
(lr-1·eloped J1e/11·y infestntions with some dcatb~ early 
in ?If inch, about two· months after 11·eaniJ1g. 

In the course of the work, a comparison was made 
<>f the levels of worm infestation in lambs from ewes 
111ilking well and from ewes which had dried 
off or ll'erc producing o·nly small amounts of 
milk. The comparison was U1adc early in 
,T anuar.'V when the lambs were about four to fi1·c 
rnontl1s old. The Jnrnhs from ewes still milkin "' well 
liad aren1p;c weights of :i4.6 lb. and avcrao-r wo1~n-e"'" . b b~ 
co1111ts of 1,430 eggs per g·1·aJ11 of faeces whcreafi tbe 
c·onesponding- figures fo1· lambs from e,,.;s which were 
l'it'h er "dry" o,r not milJ,inp; well were -l-8.D lb. and 
1,040 C'ggs per ~ram. It appears that much of the 
snbsc~uc:nt uuthriftinc~s in young sl1eep may h11Yc it~ 
g-c11cs1s m_ the poor 1mlk supply of the ewes and that 
laml1s ~vh1ch do not receive a11 adequate milk i11take 
form the '.' tail " of the flock and eonstitute the major 
problem m the control of helminthiasi"-. 

Tt is proposed to begin cpidemiolo,rical studies in 
Western Australia in the sprine- of 195L Examination 
of a number -Qf sheen there in September 1050 showed 
that heav.1r infestations with llaernonclius c~nforhts. 
Trichosf1-ongyl11s spp .. and Ohabedia 01,ina ma,y be 
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already established by the end of .A.ug~st and probabl.}'. 
even earlier in the ,,.-inter . Preventive treatment of 
lambs and weaners will be required during winte1' 
months, b ut it may be difficult to make _precise recom
mendations for the t iming of prev_ent1ve treatmcuts 
unti1 records of monthl_y changes m wor m burden~ 
haYe been recorded for at least a year. 

(d) Pa,·r,silc Ph.lJSiology and Toxicolo9y.-(i) . '/''.''' 
M. ode of LI rt ion of Phe11othicw>ne as an Anfhe_lminli.c. 
- lt was con ·i<lcrecl possibl e that pl1enotl11az111e was 
modified in the gasti-o-intcstinal tract of dosed ani_mals 
and that its anthcl mintie effect was due to the modifica
t ion 01· to ~ome derivative of phcnotbiazine. Tl1c 
natu1·e of pbenothiazine <lerivati,·es in tlie gut c0n
tc11t-; aH<l in thP ti;:sues of par asites poisoned by the 
dn1g was, therefore, e xalllined. The eompoun<~s were 
extracted with benzene in an atmospher e of nit rogen 
and then examined by pnper chromatogrn p~y. 
!fate1·ials on chromatograms wNc exam ined by takmg 
nntoracliogrn1)hs or by counting, when 35S- labelled 
p hcnothiazinc was used, or by spectrophotometry. !t 
appcrnrs t lrnt phcnothia✓.ine in tbc gut c:ontcnts and rn 
the tissut>s of poisoned par asites forms some complex, 
po,sihly with fatty material. So fa r as the work J1as 
g·one, no other com pound of phenotbiazine has_ h~cn 
detected. Tl1c rate of pcnetrntion of the plJenotl1Lnzme 
complex from gut contm1t.s into parasites is simil ar to 
tlint of unchanged phenothiazinc. Of the phe110· 
th iazine in poisoned parasites, 68 per cent. was asso
cinted "· i tl1 alcohol-sol uhk material nn<l 10 per cent. 
with acid-~o 1 nhle ma tcrial. 

The a11thcl111iutic activity of compounds similar to 
phenotliin?.ine is also being im·est.igated . The com
pound.s n1·c• hring prep nred by the Organic Chemistry 
Department· of thr Univcrl'i ty of S,yclnry and are being 
comparNl nt the 1[c::vfnstcr laboratory with highly 
puri:ficcl pl1enothiazinc in their effect upon a small 
nematode- p:ll'nsi tc in mire (Syplwsia spp.). F r om a 
study of tltcl'C' rompou nds it appears that the -S
and - NH- iu the central ring of phenothiazine art' 
essential fo r high actiYity although in son1e compounds 
a nthelmintic· acfo·ity is obtained when the - NH
is replaced by -,S- or simply remoYed. The investiga
tion is being extended to determine the aeti vity of 
phenotl1i ::izinc compounds in "'·ltich the phenol gr()up~ 
are modified 01· inrrc-ased in 111.nnbc-r. 

(ii) '/'he l 'p la/,c of Phosphate by Nematode Para
sites of 1hr Small Jnfesf:ine of Sheep.-This investiga
tion wns 1111clcrtakC'n to obtain mor e information un 
the feeding habits of the parasites and thus, if poss,ble, 
to discornr J1ow the parasites take up phenothia?.ine 
from the gut of dosed animals. The Te.sults may be 
smurnarized as follows : the rate of uptake of labelled 
phosphatr by Ha e111oncl1 11s conto?"/11s was similar to 
that of tho host's tis.'iucs; :ifter in tr a venous injection 
Trichosfron_qyli,s spp. accumulatrd phosphate at a rate 
which paralleled that at which phosphate accumulated 
in the intestine mucosa ; up to four hours after dosing, 
Oesovha_qostonmm colmnbirrnmn took up less than the 
tissues of the host's col011, bnt thereafter showed a ril'e 
which was i:omewlrnt Ynriablc. · These results suggest 
that the parasites feed on the tissues of the host and 
not on the contents of the a limentary tract. 

(iii) Nitrogen Catabolisni of N ematocle Pa.rasites.
N ernatoclir11s spp. and Asca1·idia gall-i were maintained 
for 24 honr.s in a 11on-nutrient medium in which 
bacterinl g rowth was p revented ·by the incorporation .. of 
penicill iil aud streptomycin. The nature and quu~1ti ty 
of nitrogeJ10us excrctor_y products were determrned. 
P eptides and nmmonin forme~l the_ hulk of the ex~reted 
nitroo-en; so me urea and m·1c acid were produced by 
Nem~todirus spp. and some urea but no udc acid by 
Ascaridia. Experiments wi.tl1 tissue preparations from 

r.he pnrnsites 3howed that urease was p 1·esent aud that 
urea was produced by some form of the ornithine _cycle. 
The intestine of the parasites was the most active of 
the tissues in r espect to arginase and urease. The 
breakdown of purines, which was mo~t active i11 yow1g 
adult 1l. galli, probably took place via uricase, 
allantoinase, allantoicnse, and urease. 

The peptide fraction of the nitrogcno11,s excreta of 
tbe parasites is being examined further because it may 
contain toxit' or antigenic properties. 

(iv) St.udir.s on !he N1icleic-acid M.elabolisrn of tha 
,lf alarial Parasite Plasmodium berghei.-:.etermina
tion of the nature and amount of nueleie acid i11 these 
pnl'asitcs l1a s proved difficult because the white blood 
cells, which <:ontain nucleic acid, in(•reasc greatly in 
the blood of infected animals aud i t is very diflicult 
to separn tc thern from the parasitizecl cells. Estimation 
ill which allowance was made for the nueleic acid in 
the whjtc ,cells indicated t hat the parasi tes contained 
223 times the mnoun t· of ribonucleic acid and 3-5 
times the amount of clesoxy-ribouucleic acid which are 
found in unparasitized red blood cells. Metbods for 
examination of the purines and pyrimidines in the 
nucleic acid of the pa1·asites are being developed. It 
bns hecn found that P. l,ergll ei in otherwise stel"ile 
~11 lf:ures produces haemolysins wbicl1 1·a11idly baemo1yse 
the red cells i n the mcd inm. 

17. ExTERN.\L P 11n.i.snc:s. 

(,1) Control of Body-l01tse (Bosicob ovis) among 
Sliee7J i:11 l,on,q Woal.-Under some conditions, treat
ment of louse-infe.~teJ sheep by orthodox met.hods may 
be undesirable. The diJ)ping of sheep i11 long wool 
tench to c·ause staining of the Jleece and so to reduce 
its sale Yaluo. Preliminary tests in the laboratory 
showed that ]ouse i nfestations in sheep carl'ying several 
months' gr owth of fleece could be greatly r educed by 
jetting BHO preparations into the fleece in sma!l 
quantities and under r ela tively high pressure. Quanti
ties used ranged from 1.5 to 3 pints per sheep and the 
concentration of gnmma..J3HC ranged from 0.007 to 
0.01 per cent. The use of 1.5 pints of 0.007 per cen t. 
gamma-BHC g:n-e the least satisfa_c~ot·y r esu~ts. In 
a subsequent trial unrler field conrhtions, 65 rnfested 
, beep carry ing 8 months' wool were treated with ~.03? 
u.nd 0.07 per cent, . . ~amma-BIIC at tl1e rnte of o·.4;:,-0.o 
gnllon per head. This treatment reduced the infesti.
tion sufficiently to prevent further damage to the 
fleeces by rubbing and biting. The method involves 
the forceful injection of the insect.icicle beneath the 
surfo'.!e of the fleece so that little if an,y dirt is carried 
into it from the tip of the staple. 

(b) The Use of Insecticiclat Fogs fM Control of 
Ectoparasites of Sheez1.-T,vo furt.hPr trials have been 
cnrrird out duriug the year. In the first of these, 22 
lambs and 50 01•·es infested with keels, and 35 wetherE 
infested with li,.e, were fogged i111rnediately off shears 
with 2.0 per cent. gnmma~BRO in diesel-distillate 
mixture. FiYe weeks lator, 6 out of 15 wethera 
examined were still infested wi th lice but two keel~ 
were found ou Oll ly one of the 50 ewes and none ou 
the 22 lambs. Thus, imder these conditions, lice wer,3 
not controlled but the result with k eels was encouraging 
and ,insti£es further trials with different concentrations 
and times of exposure. L1 the second trial, 46 l ouse
infested sheep were specially shorn so that some wer e 
deliberately left with pntches of longer wool. L i,ce 
were not eradicated and were found lllore frequentl,v 
in Lhe long-er wool. Further investigation of the use 
of insecticidal fogs for control of lice and keels arc 
justified hut few properties have adequate facilities 
for isolation of the treated and control sheep after 
treatment, which 1s necessary fol' experimenta 1 
investigation . 



18. SHJ::Ef' BLOWFLY. 

(a) Proteclio11 againsl Body Slril.:e.-(i) Ji'ield 
Trials.-Several field trials were undertaken in 
the :M:eniwa, 'Willow Tree, •Coolah, Binnaway, 
and Mudgce districts of New South Wale,. 
They \\·ere designed to give further informa
tion on the relative valne of DDT and BHC for 
prerention of body st1·ike, the period for which they 
would afford protection, the most effective and economi
cal conecnt1·ation and quantities, and the 111e1·its of 
different metl1ods of application, such as jetting, 
power-spraying, and the use of insecticida l fogs and 
mists. Some 8,000 sheep were used in these trials, 
some of whirh were commenced in N oYember and 
treatments 1·epcatecl at intervals until the onset of 
colder weather preclnded any likelihood of a fly wave. 
Unfortunately, under the prerniling seasonal conditions 
blowflies were relatively inactive during the summer 
and autumn and this large volume of time0 consuming 
work garn no conclusive results. I11 one trial there 
was a mild wave of fl_y strike approximately 8 weeks 
after the sheep had been jetted with 0.5 and 1.0 per 
cent. DDT, and 0.05 and 0.025 per -cent. gamma-BHC. 
One quart of the insecticidal preparation was applied 
to each sheep, from the poll to the rump. Although 
previous field observations had suggested t.ha t such a 
t,reatrnent would protect for onl_y about 4-6 weeks, 
it was apparent in this trial that even after 8 weeks 
a valuable measure of protection rem a in ed. U u treated 
control sheep incurred J 6.G per cent. of bod_y strikes, 
whereas the incidence in the treated groups ranged 
from 4.6 to 10.2 per cent. The opportnnit_y was taken 
to collect fleece samples from sheep at intervals after 
vai·ious treatments. These are being analysed to deter
mine the quantities of inserticidc> deposited and the 
rate at which it is dissipated. 

Further trials with DDT and BHC were carried out 
in Queensland during the spring of 1950 and thP 
a?tumn of 1051, but body strike failed to occur in 
either the treated or the control groups. 

As a treatment for body strike, 0.05 per cent. gamma
BHC (S times _the strength for clipping) prov'"ed only 
reasonably efficient and the use of 0.1 per cent. seems 
to be justified. •One per cent. 7JJJ' -DDT was found to 
have 110 lnrvicidal action and proved unsuitable fo r 
the treatment of struck sheep. 

(ii) Extension of Periocl of Protection.-Field trials 
h~ve shown the value of sprnying sheep aloJ1g the back 
w1~h DDT and ~HO as a J?rotectioll agaillst body 
st.nke. Oommcrcrnl preparations of these toxie:rnt;: 
afford protective periods of J - 2½ mon tits. It won Id 
be advantageous to extend the period of protection to 
eveu greater periods, so n test bas been commenced 
by the Division of Entomolog,y in which DDT has 
been substituted for the pigment in L.B.E. brandi1,o
fluicl base. This branding fluid bllse retnins the pig~ 
meut on tl1e fleece for a year nnd hence should also 
minimize mechaniral removal of toxirants. Bv menns 
of inseetar_y tests the susceptihili ty of the shorn to 
strike will be compared periodically with that of sl1eep 
treated with a rolloicla 1 preparation. 

(b) Lamb-marl.:ing Dres.<}in9s.-A compa1-i.~on Wfls 

made b_y thC' Division of Animal Healtl1 nnd Produr
tion between a borncic-bentonite-citronellfl (" Bo1·0-
cit ") and a borncie-bcntonitc-dibntyl pl1thalate l amb
!narking ?ressing. Although t.he dressing incorporat
mg ~he chbutyl pht.halatc gave J)l'omising results wh('n 
applied at the rate of one gallon of dressing per 6'7 
sheep, it was definitely infe1·io1· to the "Borocit" 
dressing when the 1·ate of application exceeded 100 
sheep per gallon. 

(c) ,17171/ica,tion of Dressings lo Un.shorn. Sfril.·es.
Small-scale tests by the D ivision of Entomoloo·y with 
commerrial prepal'ntions of BHC nt n coucentr;t ion of 
0.1 per cont. gamma isomer, nnd of DDT at 2 per cent. 
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pp'-lJD'J' showed tluH when these Huids were liberally 
applied to unsl1orn strikes a11cl J'ubbed into the fleece 
t,l1e progress of the st1·ike was quickly ane~ted, healing 
ll'flS sntisfac:tol'_y, and there w:i s no restrike. The 
1J1ethod appeal's to lie s11itaLle fol' the tl'eatment of 
s111all ,,trikes and the tempot·a1·y treatn,epL of large 
strikes. 

10. 0Tmm J:-;1·1csTH1ATJONS. 

(rt) .\'eo-nala/ Mo1·lali/.y in Lambs.-Tbese studies 
wcl'e c:ontinued at "{!hiswick" Field Station during 
the year. H eavy 11nd continuous rain during the 
lambing period was 1hr cl1icf CHttse of losses of Jumbs 
i11 the st:ition Ho,·ks. Losses were higher than in the 
preYious years and l'anged from 16 to 38 per cent. in 
tlte ewes which lainbt:d in tbc sevcl'al groups. 

Detniled observations were made of losses in the 
~tl'ain trial (:Merino) and Romney Marsl1 flocks ·which 
were lambed undel' pen conditions. .\. temporary 
slwltm· shed \\"US a va ila hie cl uring inclement weather 
for ewes with young lambs, an<l this reduced losses. 
All the 23 Romney :Marsh lnmbs born survived to 
marking time, but 70 out of 855 strain trial lambs 
died before marking. The heaviest losses \\"ere in 
the fi~e-wool and Peppin medium-wool groups. The 
m~r~ rn1portant causes of losses 1rnre : poor mothering 
a~1ht_y of ewes, with or without poor milk supply, 
st1llbll'tl1s, lambs of poor birth 1·igour, and inclemeut 
weather. _ _During ~he ro~us(' of lambing the1·c appeared 
to be a nsrng grachent with respect to maternal instinct 
milk supply, and lamb vigour from the fine woo;; 
through the medium and then stron " wools to the 
Romney ?l[nrsh. This was confirmed

0

to some extent 
by t lJe incidence of lambing mortality in the seYeral 
groups. 

1\ possible cause of loss of lamb;; from ewes "lambed 
in the wool " is the presence of long wool and sweat 
<l~gs about t~1~ flanks and udder. These may interfere 
with the ability of a weak lamb to obtain milk. In 
lfl49 and again in 1950, a 1:rial was carried out in 
which the rffect of remoral of the~e impediment.a 
wns exam ined by treating three "'l'Oups of ewes as 
follows : (i) normal cruteli , i.e. r:mo1·nl of wool on 
posterior portion of udder nnd crutch area 
(ii) normal crntch plus removal of the wool on th~ 
lower edge of the flanks and 3-4 in. anterior to tbe 
nclde1·, and ( iii) normal crutch plus removal of all 
l)('l]y wool. The results, hasl':d on the number c.,{ 
lambs lost between bii-th and ma1·ki11g, tcn<l to favour 
the more drnstic fo rms of crntrl1iug, hut the rednctiou 
in losses l1as not been g1·eat:. 

F.n:,ero-toxacmia was _excluded as a cnnse of pre
markmg losses of l ambs m the flocks. 

,\n_ extension into thr third year of records of 
lnmb11~p.- chit~ for a group of ewos originally mated 
n~ mirnlens rn 194S hns connrmc<l tbr findino- of the 
1049 n~ating-, tliat ewPs ,,bich rcnl'rd a lnmb to ~narking 
::i~ maiclens had a bette!' rceorcl of lambs reared ill 
thr surrPedi_ng years thau rwes which either lost tlrnir 
lambs or fai led to lamb as maidrus. 
. Experiments on the effoc~ of ~tilboostrol implants 
111 pregnant ewes were cal'J'JC'cl out clnrin.,. thr year 
T111planti:; <'?usis_ting of ten 5-mg. tablett (50 ~g.) 
\\'Pre madc> 111 n_rne ewP• 9,~-111 day;; pregnant. After 
two d:1.,vs1 all nme. rwes hnd inri·eased l1clder dcYclcip
'.n0nt _rn:11pn1·ecl with n eontl'Ol group of twelve ew<'s 
ma ~11111~11I' .~tap.-P of p1•pgn~ncy, and eigl1t bad produced 
:1 m1lk-hkr scC'l'etl_ou. 'tlir ti-Pated ewes displa_yed 
mappet011e0 and Jiqtlesimess fo1· seYen to ten davs 
a~ter treatment. One !"We abor ted thirteen days aft~r 
ti e11trnent ~nd one> ro11tl'Ol_ c:we a lso aborted at about 
llie samr t1rnP. Tl1e rernn1111ng elevru control~ lambed 
nol'mnllv anrl t.lw 111ra11 hotly ,Yei1.rl1ts of thcii- Jambs 
we1·<' 7.7 lb. for tl1e males And 7.5 lh. fol' tl1r females. 
Tn the t!'~at.rcl /!,"l'Ollp, onl_y one ewe l ambed normally. 
The remnrnrng Re,-ru hnd dead lambs, non.e of wlii~h 
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were delivered unaided although the foetuses wt•rc 
canied to term. _\t no time were any of the s1::n;ll 
obserred in labour. }'our of the ewes were deli,·ered 
Ly hand of dead emphysematous lambs, two ewes _di_cd, 
both with dead lambs in 11lero, a nd the r emammg 
ewe retained the foetus although it appeared reason
ably normal six to sereu weeks after the due date 
of lam bing. 011e of t he dead fol'tuscs weighed 4 lb., 
whereas the remainder ranged fi-0111 ii to 5.7 lb. .\ll 
liad the appearance of a premature fol•tu~. 

.\ t ' ' Gilrnth Plains" every l111111> which died, among 
sonic hundreds which were born in lambing yar1lsi 
was subjected to a careful postn10rtl!m (•x:11uinat io11 
:ind bacteriological examination of t is.-ucs was mad<'. 
No e1·ideuce of nny infertious di~rnsr was found. 

(11) J1'oclors Influencinr1 Birlh ll'eighl and Jfof,, 
"f C:rowtli .from Birth lo ll'ea11i11g.-.Following rlic 
di;,con•ry that at se,·eral ccnfrc~ the mean birth weight 
of lamb$ failing to s11rvi1·e was lower tha n tl10,;e whit•h 
lived, the factors influencing birth ll'eigbt and the 
11ssociation between birth weight 1rnd snhscquen t pci·
formance of the lamb ha,·c brrn im·cstigatcd. ln 
conducting the statistical analysis for this imc,tig11-
tion, interesting r esul ts hare bceu obtainrd by t.liv 
Sef'tion of Matl1cmatical Statis tics. 

Data for four years were used, and the analysis 
demonstrated that birth weight incrcnsed with nge 
of dam up to s ix to seven yen.r s, nud also with lengt·l1 
of gestation period, the gain for malr lambs arnraging 
0.13 lb. per day, and for female lambs ranging from 
-0.06 to 0.23 lb. per dny. Wi th the laurr, a str ong 
nnd consisten t assof'ia tion occurred bctwc0n i-e~pe('ti \'C' 

size of dam and progeny, the incrca~c a1·erngiug 0.2 lb. 
of birth weight per 100 increase in thr sizr index of 
the ewe (approximately .; lb. in live weight), wherr:i ~ 
for ram lambs t-hr corrr~ponding figu re wns 0.07 lb. 
per 100 increase. 

It wns found tl1at lambing date within the lnmbing 
p<'riod ltnd no consisten t effect on birth weight fo1· 
ritbcr srx. Thci-e was a difference between the sexc~, 
howe,·cr, in gain per day from birth to weaning. For 
male lambs the regression coefficient for size of d:1111, 
though Yc1·y small, wa s roMistently positiYc, but for 
fema le lambs bi rth weight had n ma rked influen,'0, 
gain per day jnrrf>asing on the a1·eragc hy 0.01 lb. 
for evrry inrrensc of 1 lh. in bir th weight. For £emu Ir 
lumbs, also, tho slight negative associn tion betwrrn 
length of ge!-tll t,ion period and gnin per day would 
be C'onsistrnt with an 11s,:umption that rnte of gain 
i11 1de1·0 was correlated with rate of post-natal gain. 
Of two an imals l1nvi11g rqnnl birth weigl1t, that wit.h 
the shorter gestation period would h an;? t he gr eatci· 
rate of p;ain. Size index of dam was positi1·ely as,o
riated with rate of gain of ferualr lnrnbs in all four 
yea rs. but the effort wn~ sl ight. 

(c) Sur1•ey o.f Fine-wool Prod11dio11.-This sm'n'y. 
which is particular]y concerned with the performance 
nnd production of Merjno sheep in eastern Australia. 
]ms hccn cont.inned. Work wa~ ranied out in thr 
south-west. 1101th, and north-west of Qucenslnnd. Thr 
exceptionally hcayy rains expcrienrrd through the year 
ronsidcrably disorganized the programmr of work 11~ 

the r oads bernmo irnpass11ble, flOmPtinH'S for work~ 
11t a timr. Thr typt>s of ro1mtry ro1·ercd includ,-,d 
irray and lwown soil, rnitchell grass plains, and oprn 
forest in the sonth-west, the black 1;oil dowm of thr 
rnermont-Springsu re a rro , the trt>clrss r o lli11p; down~ 
of the north-wrst, and tlrn open forest "desert n 
country. Thi' sl1eep thro111?ho11t thcsr ar<'ns are almost 
nil hlrrinos. A.ppi-oximatcly 90 per cent. of propertic~ 
use r11ms of P onpin bloo<l, and the r emainder, South 
.\ ustrn lion. .\ ]though in parts fin<' to sn pc>r:fine wQo] 
i,; produced, a!': far as rould be lcame<l thrre hnc, 
]1een little or 110 introclnetion of Ta~rnanin11 or tab1e-

land type ra111s during the last 30 years. Although 
iu tltc main the iu·ea traversed is used for breeding, 
i t is usual to retain wcthers for a number of years 
and there are some r elatively small ar eas which are 
gi vel! 01·er en tirely to dry sheep. Marking percentages 
in th~ northern part of the State arc uuiformly low, 
a 1·cr11ging 50 per cent. or less throughout. One of 
the u,ajor prolilems facing many pal'ts of tLe no1·thcrn 
$l1ec])-l'fl ising areas to-cloy is the depredation of dingoes. 
Owing to shortages of netting and of r eliable labour, 
dingoes ha1·c increased in numbers and in many places 
liarc been the cause of properties changing from sheep 
t( , catt.le. L\ s the owners of cattle are not seriously 
ronrerued a bont them this bas led to deeper penetration 
into the sheep country, thus accentuating the troub!e. 

Tlic shePp blowfly is still a serious problem thr ough
out the area. Altl10ugli the Mules' operation is fairly 
1ridC'ly practised, there arc still a large proportion 
of graziers 11"110 through apathy 01· prejudice ham not 
adopted it. During the year, however, the principal 
trnublP 11·as body strike, nssociate<l with the abnormally 
wrt f'Onditions. One of the chief difficulties in dealing 
with this outbreak was that, for extensil-e periods 
whrn the fly wave was at its worst, it was impossible, 
on account of t hr state of the ground, even to muster 
rhl' ;:hrPp, let alone to ca rry out treatments. DDT 
11nrl RTIC' were r eported to haYe been used to good 
effrc-t ,m se1·c1·al places. 

(d) 811/mormal G-rowlh and Derelopme11t of Young 
8ltel'p.-This problem w11s inrnstigatcd in Tasmania 
i1t <·ollaboration with officc1·s of the Department of 
.\griculttue. T he object was to determine why, under 
some npparently good condit ions, lambs at foot on 
higlily impro1·cd p11sture do not de,·clop satisfactorily, 
nnd n lnrgc p roportion of the weaners arc unthrif~y. 
TLc i1westigat.ion excluded o low intake of cobal t and 
copper as being associated with the mal11ut1·ition. A 
low milk production in the ewes showed a close correla
tion with malnutrition i11 the l:lmbs. The im·estigntion 
is J)l'O<'rcding. 

( ,•) The Effect of Grazing JlI anagemenl on Pasture 
and A11i11wl .Prod11clion.-A co-operatire inrnstigation 
i~ being ca rried out with the Division of P lant Industry 
(sr'r f'haptl:!r JU ., SP.ction 13 (a)) iii which n study is 
being made of the effect of different rates of stocking, 
1·0tational grazing, and grazin~ with different sizrs 
of flork on the health and production of the grazing 
~l,rep and of the pasture. 

In a romparison of stocking rates of one sheep to 
1 arrc, :1 acre, and 1¼ acres, the trend towards higher 
~i1 <'<'P body w1>ights on the lightrr rnte of stocking 
n·ror<led in tl1e first two years of the trial has been 
continued into the third year bnt is somewhat less 
nrn1·lrnd. P:nasitis m renched high le,·els in tl1e summer 
1111d :rnt.umn of l 951. Differences between grou ps of 
:aheep in the level of parasitism were recorded, but do 
not apprar to be related to the rate of stocking treat
nH'nts. i \nalyscs of all the data nre not yet complete. 

C'ontinnous gr azing has r esulterl in slightly greattir 
body weights than rotntional grazing at tl1c same rate 
of ;:tor king, a ]though the differ<'nrec: ha Ye heen slight. 
nnring the summer anrl aut.umn of 195], the rotatio11nl 
gr azing system practised (gr azing for one week in 
fom) was not effective in preventing tl10 build-up of 
hea,·y and in some cases pathogenic worm populations 
in tl1r gr11zing sheep . 

R esults from the first year of au experiment in which 
sheep arc grazed in flocks of 2, 4, 8, 16, and 30 hllY<' 
shown consistently lower bodv weights with a flo('k 
~izc of two. Tl;is difference· is m-ohRhh, d11e to a 
diffe1·<'11ce in grazing belia,·iour. It has also heen shown 
that small flock size docs not prrc1ude n b11!ld-11p in 
parn itism. 



VUI. CAT'l'L.E. 

1. GENEl!Af .. 

The Organization's work on dairy and beef e11 ttlc 
pl'oblems is being caJ"ried out_ within _the Division of 
~~nimal Health and 1'ro<luct1on (ma rnly centred at 
the Animal Health Laboratory, :Melbourne, aud at 
the Veterinary Parasitology Laborn tory, Brisbane) 
and is described in Sections 2, 3, 5, and 6 below. 

T lie Division of Entomology has been concemcrl 
with work on the cattle tick, an outline of which is 
O'iven in Section 4. The work of tl1c Division of Plant 
industry on pastures ( see Chapter III., Sections 9-17) 
is also of importance to the cnttle industry. 

2. C ATTLE D1SEASJ,:;, 

(a) Pleitrop11eumonici of Oat/'le.-This is the most 
serious infectious disease affecting beef ca Hlc in th(' 
nor thern areas of Australia with the exception of 
tick-borne diseases. Unlike the latter, it constitu tcs 
a constant menace to the beef and dairy cattle in the 
south because of the risk of spread through tl1e agency 
of infected "carrier" cattle, \l'hicl1 arc apparcnt1j' 
healthy. Methods e1ahoratccl by the Division of Animal 
Health and Production fol' the diagnosis of infection 
in "cal'l'iel'" cattle and for the •protection of healthy 
herds by Yaccination are extensively nsed. In the 
current year, 813,000 doses of Yaccine were prcpal'ed 
and forwarded to rlistributing centres in Qneenslantl, 
the :i\Tol'thern Territory, New South ·wales, and South 
. \ustralia nlm.ost double the amount for the previous 
yca i-. L~rge amounts of antigen for use \n the d_iag
nostie complement-fixation test were agarn provided 
cost-free to government a11tho1·itirs in sr,·c1·al .\u~
tralian States and in K enya and Nigeria. An officer 
\\'as i>econded fol' a prriod of two months for sen·i,·r 
with the Animal Industry Di1·ision, Northrrn Tc1Ti
tol'y, where useful -field data were collected. 

P eriodical testing- of the protective power of vaccine 
involves considerable expenditure of time and money. 
In a recent test, extending over six months, 30 heo.J 
of three-year-old dairy cows were Yaccinatc<l and thC' 
immunity of these and of 1:i unvaccinatcd control 
cattle was subsequently challenged by the introduction 
of a mist of virulent organisms into the respirator~· 
trnct. Tl1e ehal1enging strain was 01ie of exceptionally 
high virulence and, although 9'0 per cPnt. of rnceinntctl 
animals were fully protected, 10 pel' cent. showed 5:l ight 
lesions in the lungs. The usual propor tion of cattir 
protected ap;a inst seYcra 1 othE•r vi ru lent challenging· 
strains has been greater than 99 per cent. New te~t~ 
al'c planned to stncl.v the virulence of tl1is new st.rain . 

The Flcrtion of :M:ierobiologica l Ohemistry began 
during the year an intcnsfrc stndy of the metaboli~111 
and nutrition of the causfll organism of this disease. 

(b) Titbe1·c1dosis of Oattlr..- Effecti vr mcasu1·es for 
tbe eradication or control of bovine tuberculosis depend. 
chiefly, upon the accuracy of tuberculin tests uac1l 
for diagno~is of the disease. Testing authori tieR 
tlHoughout the world have greatly reduced the incidencl' 
of tuberculosis in herds hy the use of the intradermal 
tnberculin test. However, in 1\n~tralia and elsewl1ere, 
difficulties arise in some herds under tPst becamr 
t11bercle bacilli of the human type or related or?;anism~ 
in the environment which have temporarily gainc·l 
entrance to the tissues produce "false positi\'('" ro
actions in healthy cattle; furthermol'e, rattlr exten
sively affected- with htberculosis sometimes fail to 
react. Consequently, there is 11 need for tP~,-~ wl1ich 
arr. eYe11 more specific. 

In previous repot·ts, n supplementary short therrnnl 
tr.st was described which, nlthough <lepend<'nt upon 
the 1•eact.ion of bocly tempera tin e to subcut.anoous in jr?l'• 

tion of tuberculin. was fonnd to be prarticoble anrl 
wa~ 1·eeommendE-d fo1· u~e in "prohlem " herds irnd 
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811si,ectcd cl11·onic earns. During the ye_ar reports froll1 
the field indicated that it has been applied by statutory 
resting authorities in several States with good result~. 

[n the laboratory, work was restricted ~o the study 
of a new diao-nostic test on blood serum, lll collabora
tion ,1·i tl1 a~ officer of the Commonwealth Serum 
Laboratories. It was based on the lysis of sheep red 
blood corpuscles coated with a fraction extracted from 
tubercle bacilli. In the presence of scrum from the 
majority of tuberculous cattle and of_~ specially adde_<l 
factor (complement), these ce1ls d1S1ntegrate. This 
serologicnl test proved to be not more accurnte tha_n 
t-he tuberculin test applied in the field but _ther~ is 
evidence that it may be usefu1ly employed in diag-
110sing J olme's disease in cattle, which is cause~ by 
nn organism closely related to the tubercle bac111ns. 

(c) 111asf,i,tis in Dairy Calfle .-For years, the 
.Division has maintained close to the Melbourne metro
l)olitan area, a herd or' dairy cows for the intensiYe 
study of 1nastitis, perhaps the most serious cause ?£ 
rconomic loss in the cfairying industry in Australia 
and tl1roughout the wor ld. During that time contribu
tions b a vc been made to the pool of ~cien ti fie know
ledge relating to tl1e epidemiology and contl'ol of the 
disease. Theories regarding the mode of infection 
and methods for controlling the disease have been 
tested in commercial herds. As a result, 1.'\.ustralian 
dairymen have been prodded with Yery satisfactory 
means of 111,inimizing t he iucidrnce of mnstitis and 
of benefiting to the utmost from the conect use of 
IIC'W drugs and antibiotics wbicl1 ha,,e hecome avail
able for treatment. It is now possible, almost, to 
eliminate infection from a herd by the application 
rd' r ecommended measures. With this reduction of 
the streptococcal infection the staphylococcal form, less 
RPriou.- economicall,y, has become rnor<' apparent. 

In the experimental herd at Werribec, VictoTia, 
~ti-eptococcal ma~titis is 11t present virtually absent 
as a result of adequate shed hygiene without the appli
cation of inten~iYe treatment. In this herd, and else
where, methods of treating staphylococcal mastiti,, 
l1a1·e been tested. Penicillin, so effective for treatment 
of the streptococcal form, lias been administered in 
large doses intravenously, subcutaneously, and by uddar 
infusion, bnt rcsnlts have 11ot been encouraging. 
.\ lll'Comycin shows greater promise but udder infusion, 
in fl rlosap;c (']aimed to be effective by investigators in 
t,hE' U.S.A., has 11ot provcd completely satisfactory. 
.\drliti onal supplies have been obtained and fnrthcr 
tri ah planned. Supplies of the antibiotic, nisin, 
rlaimed to hnYP been used ~uccessfully in the Unitl}d 
TCin~dom, a r(' not yet 11nila,ble. 

Despite tbe arnilability of information regardiug 
th<' contrnl of stre1)tococca 1 mas ti tis, a l arge proportion 
of Australian herds .is still more or less seriously 
:1ffec>tNl. Therefore, followin!).' the encomaging re11orts 
from the Un ited Kingdom, it was decided to inve~ti
!);atr 1hr practicability of cJ.iminat.ing the causal 
orgamsm, 8fr. tt_qalactiae, from some infected herds 
h,v the ~imnlt:rneom tl'Catrnent of all CJUarters of all 
cows (" 11·hole herd trca tment ") with penicillin and 
special disinfrrtion of the em·ironment, includin,Q; ex
trrna l surfacC's of cows' udders and teat , shed floors 
and tittin~s, milking ntensils, and l1ancl,:. aud clothing 
of attendant$. Early 1·esults do 11ot suggest that the 
sa me i;uccess will be aehievpd in the Australian environ
ment as was achieved where difl'erP1lt metl1otls of animal 
husbandry ::nr pr11ctisrd ovrri>eas. Fmt11rr trials are 
i11 progi·ess. 

( d) Brucellosi;s in Oa.ttla.-Pl'cvious work showed 
that, "strnin 19" vaccination offered ..a practicable 
~r1ethod o~ eontro1li1!p: bruc~llosi~ ( contag-ious abortion) 
111 rattlP m Anstralrn and. its w1de~pread use in recent 
veins has g reatly rednred the ineidencp of the disea$a 
in many herds. 
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In at~cmpting to impron• the pl'otcction following 
raccinut1on, new rncthods or rncci1rntion hu,·e been 
tested. Prel iminary experiments with uclult cattle 
showed that a highc!' level of antibody resulted froni 
injection of 1.0 ml. into the tip of the tail (intra
cauclal vaccination) than from the univel'sally practised 
method of iujection of 5.0 ml. under the skin ( snl)
cutaneous vaccination). English workers tested the 
implication of the 0.S.I.RO. work, namely, that equal 
or greater protection might result from ta il Yaccina
tion, and found i t to be trne for lieifers vaccinated 
at tbe age of fifteen to eighteen month.,. .As "strain 
19" rnccination in i\ustralin is practised almost 
exclusively on calves, lleld expeeimen ts were com
menced at the encl of 1941S to compare the effects of 
intracauclal and subcuta11eous vaccination of calves at 
the ngc of .seven to ten months aml two sections of this 
work have now been completed. 

In the first section, dealing with the resultant level 
of antibody agglutinin in the blood scrum, r esults 
showed (i) that a higher average 1eYcl wi1s at.tai.J1-:tl 
ia calves vaccinated when older (nine to ten months) 
than when younger ( seven to eight months), ( ii) that 
in all calYes (seven to ten months) tail vaccination 
gaYc an average level almost twice as great as sub
cutaneous vaccination, and (iii) that vaccination at 
the oldel' age of nine to ten months left higl1cl' agglu
tiuiu levels n t the 11ge of l1rcec1iJ1g, t\\"ehe moll ths after 
rnccination, th11u d id ,·:iecination 11t the younger age 
of se~ren to eight months. High residual 1eYcls at. that 
period affect the accuracy of routine blood tests fo r 
contagions abortion :rnd 111·e, therefore, considered 
1111desi ra ble. 

In t!,e $eco11d completed section, clea ling with re
sistance to abortion and infection in the second year 
after vaccinat.ion and during the first pregnancy, it 
was clearly shown ( i) that. "strain 19 " vaccination 
provided a serviceable but not comp1ete protection to 
both rnccinatcd groups, and (ii) that the intracnuda1 
method of vaccina tion provided protection as IJ;OOd 
as or slightly better than the subcutaneous method. 
Under Australian conditions, where the difficulties of 
packing vaccine for transpor t over great <listanr.es 
and of stol'nge a t a low temperature are of great pr ac
t.ical and. economic im portance, !'eduction of the 
effective vaccinating rlosr to one-fifth shon1d prove of 
prnC'tical v11lue. 

The experiments are l>eing continued in order to 
test immunity in tl1c third year following vaccination 
and during a second p1·egnancy. Much useful materi.al 
for laboratory work has been availnble and a new 
cl ia·g11ostic test on milk obtained from heifers s0011 after 
parturition ]ms been evolved wl1icl1 is likely to prorn 
of practic11 l rnlue in the field. It is more accurate 
than the " l'ing test " described by overseas workc1·s 
and less complicated than the whey aggl utination test. 
As with other tests for the diagnosis of brucellosis, 
the extent to which fal se positi 1·c r eact.ions occur after 
"st.rain 1!)" vaccination has :vet to bP assessed. 

(e) H aemah1rin nr.~icalis.-This disease, whicl1 ha~ 
a world-wide distribution in limited a reas. rauses death 
from continuous haemonbage into the u1·inary bladdnr, 
11nd in Austl'alia and elsewhere intensiYe field arnl 
]alJOratory studies have failed to 1·e,·e11l the ra1ff.e. 
Ourrcnt work in the Divisioi1 is based on the hypothesis 
tlrnt the hladcler lesions result from the p1·esence of 
irritant substances in the urine. A study is being 
mnde of the a romatic amines and aminophenols i.n · 
the 11rinr. For this purpose i t lrn.q heen nrre;;1'ar;v to 
devote a considerable n roportion of the n rnilab1e time 
to the slow nnd laborious $:vnthe;;i~ of refP.rrnre 
compounds. 

(f) 111w plas11M 1·e1,,/ rale.-.\ strnin of A. centrale 
11·as kept in ,1 Yiaule condition for at least 739 days 
nt -80° 0 . The strain is rnaintained at this tempera
tui·r. :llid is passaged thro11gh caln?s from t.irne to time-. 
Dming the year a sample of it was forwarded to the 
Animal H ealth Station, Queensland., to replace the 
old strain mai ntain.ed thern. 

3. lNTJ,;RNAL PARASITES. 

(r1) EJ)idemiology of Parusific "'Gastro-entc.ritis , . 
of Uallle.-Tliese studies have been continued. Herds 
at Maleny, Dayboro, Oakey, Queensland, and Armidale1 
~ell" South Wales, a re under observation. The Maleny 
trials arc directed mainly nt the value of pasture 
rntation as a control measure. The herds from the 
Darli11g Downs (OakP .. Y) have yielded some interesting 
infor1oation on tlie distribution of some of the species 
of bclmi nth.s. In this cli:;trict, wl1icL has an elevation 
c,f l,500-2,000 feet, 1Ju110.slom111n phlebolv·nwm bas not 
hC'cn seen and Cooveri<1 oncophora and ... Verna.locl,,irus 
sp. are commou and abundant, "·beroas only SO miles 
tmay on the coast, B .phlebolomum has a high incidence, 
0 . oncopho1,a is u11known, a11d Nematodfrus sp. is rare. 
Otherwise there is little to add to the information given 
in the 1949-50 A11uual Report. 

Extl'cme1y high egg counts of Cooperia punctata and 
C. pect·iuata bave been encountered in dafry calves 
from time to tii-ne and in 011e herd these reached 20,000-
!17,000 cgg.s per gr am . 

Eggs of Asc.m·is 11il11lorn111 were seen in calves from 
.·\.rmidale, New South Wales, and from Dayboro, 
(~ueensland. This is tl1e .first time eggs of this species 
have been seen in tliese studies. The cattle ascarid 
has not previously been reported from Australia. 

(b) Faecal E ~:am-inalion as a N eo.rnre of llelminth 
I11fesla/.?'on in ('ollle.-Tbe work during the year has 
been concerned mainly wi.th daily faecal output in 
r-<•lation to growth of the host., in order to obtain a 
factor for the comparison of the egg output of young 
and adult animals as a measure of h elminth infestation. 
A large series of faecal output figures has been obtained 
from animals1 including identical twins, held under 
controlled conditio11~, and the figures are being care· 
folly a11a lysed. 

(c) Fasciola, lievatica.-R.osults of a survey to deter
mine the distribution of F. hepatica in Queensland 
liaYe been obtained. Apart from an area of infesta
tio11 in the ,onthcrn Darling Downs, where sheep are 
mainly concerned, the fluke appears to be confined to 
the ~fary V nll!!y, where the inr ir1enre in rAttlP has been 
a.~ high :is 50 per cent. on some properties. An isolated 
case of infestation in rattle from Spring Creek, 
nc:u Gcorgctow11, which is towards the south of the 
Cape York Peninsula, has been reported. 

At the invitation of the Department of Agriculture 
of South Australia, a visit was made to the fluke
infested al'eas of that State. H eavy losses among sheep 
occur ma.inly in the districts around Lakes Alexandrina 
a1;cl Albert. ?~ese lakes at the mouth of the Murray 
Rl\'el' were or1g111ally salt but the construction of bar
r ages at the mouth of the ri\·er has resul ted in the 
water remaining fresh and favor able to the establish
ment of large populations of the snail intermediate 
l1ost. No pra cticable method of im provino- the effec
tiveness of the present co11trol m.ea.sure; could be 
~evised_, but i? view of the possibility that permitting 
mtenmttcnt rngress of the PCfl mirrht be a useful 
measure, saJinit_y tolel'ancc lests of '"'the South Aus
tr alian snail intermediate host were carried out. These 
.~howed tlrnt 5.S ~ram? N;aCl p/\r litrr (400 g . per gal.) 
was fatRl to all snails m 24 hours. At 2.29 grams 
NaCl per litre ~omc snails sul'vived for seven da:vs. 
The intennedinte host of F. hepaticn in South Australia 
is named 81·111.lfrnn<>a s11baq110tilis. A study of the 



i1abi ts of tl ,i.,; :;pccit•s 11ncl measu renHm~ti _of i_ts sLcll 
a ud of its ra<lula dcutition could not d1st111gt~1sl~ any 
constant differences between it and o. brazten, ti.le 
intermediate host in :New .South Wales and Queensland. 
l t was concluded that these names are synonymous, 
8 . s11baq1rnlilis having pr iorit_y. ~ro~ably ::J. vic;loriac, 
the intermediate host in V1ctor1a, 1s a]-,o the same 
SJJecies as S . s-ubaqi1alilis. 

(d) Echinococcus granulows.-Tlie hydaticl smrey 
has been completed a11d a total of 39,242 animals were 
reported upon by inspectors of tl1e Dopartme1~t . of 
Il.oTicultme and Stock Queensland. ,\.11 OYerall mfos-

" ' tation fio-ure of cattle on coastal and subcoastal areas 
i-cached "'31.01 per cent., the highest incidence _of _'70 
per cent. occnrring in the Landsborough d1s~nc:t. 
Several h undred cyst~ fro 111 cattle harn been exannnecl, 
of which only one ·was fort.ile. Inrnstigations are being 
continued to determine whether native fauna play auy 
par t in the distribut,ion and incidence of this pa rasite 
in cat.tie. 

(e) A·,nphislomes of Cal/le in <i>11ee11s/and.-Parnw
phistominsis of cattle is limited maiitly ro tltt 
c:oastal-subcoastal areas par ticular ly where an annual 
raiHfall of 30 inches or' more is recorded. · Infestations 
arc heaviest in the south-eastern -arras. 

In the 19-±9-50 Annual Repor t., two species of amplt i
stome.s were recorded, namely P~1ram71hislom11m cerl'i 
aud P. cotylophorw,n. the intcrn1ediate hosts being the 
planorbid snails c:tyvt11nisu8 gilberli and Scgniliti((. 
alpheua res pee ti ,·ely. Repeated ncga ti ,·o attempts to 
infect these sirnils in the laborntory led to a detailed 
study of the species of adult flukes. By the use of 
N asnrnrk'.s system of determination, fou r species wNe 
found to be present. The species previously rallrd 
P. cei·vi was found to be Calicophoron tol-icophorwm. 
and P. cof:1Jlophornm was found to be a complex of two 
spec:ics, I'. ichil.·awai and Ge!Jlonocofyle 1,/1·eptocoelinm. 
T he fou r th species lias not yet been determined but is 
closely allied to ( '. rnlicozJhorum. No specimens of 
Giganlorolyle (Paramphislo1n11m) expl01w/111n re
ported from Queensland by other wol'kel's were seen. 

On the basis of these determina tions little difficulty 
was experienced in asrcl'tt.ini ng the life h ist,~r ies of 
C. streploroelimn. which usrs t-lic snail a. gilberli. and 
of P . ich:il.-ruvai in the snail S . alphena. The snail 
intermediate host of C'. <:al£co7Jhorum, the most abm1-
dant of tl1ese nmphistome.s, has not yet been found. 

4 . CA'l'TLE T ICR:. 

(a ) Bio-assay 'l'es/s.-Laboratory tests involving in 
i:ilro dipping of engorged female ticks have been con
tinued on 11 nuillber of the newer i nsectirides . .Approxi
mately 100 per cent. m.ortality is obtained wi th para
thion at :.t c-,11c€'nt1·ation of 0.0% pC'r cent .. and at 0.003 
per cent. c011ccntrntion 69 per cent. of engorged females 
did not produce viahle r.ggs. Field t·ests have confirmed 
the effectiveness of the lethal concentration indicated 
by laboratory tests, but the need for caution in nsing 
this material is again emphasized as i t bas caused a 
n11m ber of den ths ovcrs0as. Parathion has remainerl 
stable in distilled wat.er in the l a born tory for n bout 
nine months. 

The toxicity of DDT-BIIC mixtmes has been 
examined, hnt some disrrepaneies harn arisen and 
fmther work is neccs~a ry before any couclusions call 
he drawn. Following work on DDT-chlordane mix
tmes in the wevious year , it is now proposed to pro
ceed with fickl tests, although further laboratory work 
will be done with botl1 DDT-chlordane and DDT-BHC 
mixtures. 

f\ ""tl1rr nf the new insectir.ides, dieldrin, has been 
found to he .•lig-htly less toxic than BHO, and it is 
s imilar to chlordar,n in it!'l action on warm-blooded 
animals. 
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T lw cffcc;t of temperature on the toxicity of DDT 
is impo1ta11t. Laboratory tests conducted ol'et . a 
ranrre of temperatures have shown that the mor tality 
of tile ticks increases with a decrease in . temp_erature, 
indicating that better results may be obta.rned if cattle 
are dipped late in the day. 

( b) E /Ject of Long-coniim1ecl Cutaneous A ppli9ation 
of DD'l' Oi:ly i::folu/,ions lo C'altle.-The examrnat101~ of 
tissuc.s taken from animals treated by weekly applica
tions of DDT in peanut oil over a period . of tlu-e~ ye~rs 
!tas been com.picted, aad tLe 1·csults are mt~restm_g for 
~ever-al reasons. They show that (i) DJ?? 1s prefe_ren
tin lly a•bsorbed into adiposP tissue; . (11) tLere 1s a 
tendency for the DDT conte11t of the ln-er.s and_ sple~ns 
lo rise when the anirr1als a re placed on a starrnt1on diet, 
probably hecause they arc dr~wing on fat rcs~rves; _a1;1d 
(iii) the tissues of control anunals also_ ~onta~ne~I DDT, 
althougl1 in significantly smaller quantities. T_h1s could 
ha,•c been abs_orbed by lir.ki11g of treatrd a .. unual~, or 
by contaminat1on of the pastu re by DpT .. :K _one of the 
tl'eated animal- showed . igns of DD'I po1sonrng. 

(c) lnvesligalion:s on DDT DipJJing Flnids.-Re
pn1·ts that grnzir.1·s were dis~atfrned with the kill of 
ticks ,r hen usi n!\· DDT dips stimulated research to 
determinC' w!tether thC' cattle tirk has developed some 
rrsistanrc t.o it. P reliminary work has concenfrated 
on dr,·eloping- a trclrnique for applying a known dose 
of DDT to tlw !;irks, n11d tl1i~ aspect of the problem 
!ms not yet b!'!'n solrnd. 

Tl1e sedimcntat.ion n1te of some wettable powders has 
bceJJ cxarninrd . and sc-,·<' ral propriet.:Hy lines ha,e been 
r·ompared. 

It was thougl1 t thn t tl1e 7J7J' isomer of DDT conld 
l•o prc>fc:re:ntinlly absorbed from dipping fluids, but 
trsts on sample., of field dip.;; at least a yea1· old do not 
indicatr nny rrduction in conc-cntrat,ion of the active 
isomer. 

T he loss of DJ)T caked on the bottom of the cl ipping 
vat has led to some cxperimrntation with a model 
Yat in order to determine if a modified bottom will 
rcmdrr the DDT mol'e aYailo.ble. 

(d) Biological 011.<l Erolo.r;:cal Sliulies.-(i ) Sense 
Organg ancl /1,e Q111J.~li11_q Reacli.on of Tic/: LM'l'af'.- ."..s 
n prclimi111wy to the derelopmcnt of a field sampling 
method, the scn,e organs of the l a t·Yae \\·ere examined. 
Sewra l Ol'gans were found ( one of them apparently 
11ndi'.::1:ri hccl) which arc suspected of being sense organs 
inrl c01ilrl ha,r some s ignificance in explaining the 
ahility of tbe la rval t icks to find their host. 

Tn tl1e laboratory, lar rne were allowed lo ascend 
prrpared gra~s blades, care being taken that tl11•y were 
not inB nenced by tl1c obse1·ver , and their reactions 
to v111·i.ou~ stimuli wc1·r, obse1·1·ed. They responde.d 
mo~t ~trongly to the stimuli with olfactory components. 

?lfarnl,v heca11.>r of standardization diffirulties, no 
attenmt h as been madr l·o use olfart.01-y stimuli in field 
~amnling. IIoweYe1·, it is proposed to follow up this 
,ro_1·k on qnPsti11g bel~a,ioul' under better conditions, 
usrng extract.s of an11nal odou1·s and synthetic sub
~tances. 

(ii) S-ainplin.r; of thr. J,an.1al Populat1·on in fhe Field. 
-Scveni l met.hods of sampling pastures for larrnl ticks 
have been tcstecl, at Yeerongpilly nntil N ovembcr and 
~ince that time at Rockham.pton. In thp most ~atisfac
tory of these. the observrr wears a pair of tight-fitting 
whit~ cluck ~ro~1scrs as lie walks thr ough the pasture, 
makmg pcnorhcal .qlop~ to allow the la rvae to be 
ronn trd. 

Observfltinns are rontinuing for a :vea1· on a" rid."'e 11 

and "creek-bank 11 •plot in a paddock under nor~al 
management. It is l1oped to lease an a rea of land oJi 
:1·l1ich . cat,tlr c~u ?e nm as desired, ,,o that more 
rnten~1ve rnveshgat.1011s may be canie-:1 out 011 lar'l"al 
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surl'ivnl in tlic ficl<l and on lal'l'al distdbutioi1 in rela
tion to cattle habits. These studies ham directed 
interest to the role of t he night resting-places or cattle 
111 transmission of the tick. 

(iii) S luclies on llie /1'iel<l }!,'cology of Non-parClsitic 
Sta_ges.-The field ccolog_y studies at Yeerongpilly 
were completed a t thl: end of Norernbcr, 1950. 
Broadly, the work confirnwci tl1at of the previous year. 
The ecological cycle in Brisbane i,:; characterized by 
an almost complete cessation of prodm:tion of ,·iablc 
eggs b_y engorged female ticks which fall on to ·pasture 
in t.he period April-J uly inclusive. It is estimated 
that there could be no more t han four generations in 
one year under Bri.~Lanc conditions. 

01'cr -wi11tcring of the ~peeies is accomplished by tlie 
eggs and larvae of females wl1ich drop in la te }.farcl1 
and early April. The la rvae which are picked up b,r 
cattle in late July develop into e>ngorged females which 
fa ll in August. These arc responsible for the r ise in 
populatio11 duriug the late spring. The longevity of 
larrne on the p:i sturc is till impor tant feature in the 
s11 J'l'ival of the species. A~ 11 check on the results 
oi.itninerl experimentally, in which the condit ions were 
ncccssaril.)' somewhat artificia l, regular cxnrn inations 
\\'Pre made on a dairy l1 crd uenr Brisbane. 

(ir) JJinrnal Cycle of J,anac.-During !'he summer 
months the main feed ing periods for cattle are tho 
C'arl_y morning and crcning. Field observations of 
Janae hn,·e indica ted thnt tl1l'y arc more read ily 
available for pick-up before tl1c heat of the <lny and 
·possibly at dusk. The higher humidity in the early 
morni11g is thonght to hare nn importnn t bearing on 
la1 ,·nl bel11n·io11r. 

( ,·) S 11rriral of Ticks in Aaliire.- S tudies ]iaye been 
commenced to obtain informntion on the su rvival of 
lanai ticks in different situations, ll'ith a ,·icw to 
assessing the value of spell ing pa~tures in mnintaining 
a low leYel of infestati011 . 

It has !wen obserrcd that m<'llt ants are responsible 
for the dcstrnction of n l1igh proportion of engorged 
ticks aftc1· <lropping, but. they do 110t cons11mc larrnc 
or eggs. 

( ri ) i8/ 11die~ of I nfes/ol io11 on , ' /ailed Co/1/e.-This 
\\'Ol'k, wh ic-h was tcnninate<l in October, 1%0, con
firmed thr find i 11g 1·cpodcd Inst ycai·, t.hat. the ·per-
1.:<:ntage of rnuturP t icks is higher ,dien the animals 
,ire prc,·ented from licking themsehc,:. There was also 
a considerable 1·aria tio11 i11 the yield of engorged 
females 011 the sanw animals in sep11rnte infestations. 

The mean time taken for a tic•k t.o mature nnd fall 
nftcr attacl1111cnt to thr l1 ost was found to be 20 
to i-d: days, bu t tl1e l'nria tio11 did 11 ot anp(•ar to be 
(lirrr1"1,y related to the seaso11. 

ii. DE\'ELOP~U-.:N'I' OF HYUUll) D .1m,y c .\TTT.E . 

The experi111c11tal crossLrcd dairy herd 11 t the F. D. 
lv[c)fastcr F ield Statio11 has increased ~ 78 head of 
cattl<', inclnrliug 22 a11i111als of tl1c Jersey, R eu Poll, 
Friesiau, and Illawarrn Shorthorn breeds. Tl1erc are 
als1l tlnce animals wi th 12.5 per cen t. of Zebu, oue with 

·18.75 p<'r cent., 42 which han• 2i:i per cent., srrnn ll'ith 
37.5 per cent., and one ll'itl1 75 per cent. Tl1e othel' 
ancestry of t hese cattle is from oue 01· otl1cr of t.he 
Emo•pea11 :,trnins nlready 1ne11 tioncd. In addition, 
there arc two p111·ehred Zc•bus. 

T '.1c im·e:::tiga1 io11, wl1icli began 111 1n-1- 1 with oi.e 
Zeh11 0011·, now the progenitor of 56 h ead, has pro
ceeded for trn yea rs. Nine females with 25 per ceut. 
and three with 37.5 per cPnt. of Zebu haxc eithei· 
completed a lactation un<ler t est or al'c in 1nilk under 
test on thei r first calf. A furthel' six c rossbred fema les, 
five with 25 per cent. and one with 37.5 per cent. of 
Zebn, will calve for the :first time dming !'he coming 

year. Pro<lnclion rceonls umler tci;t continue to sug
gest that tlie (•rossi11g of .European d::i i1·y breeds with 
the arnilable Zebus gil'es rise to progrny with reduced 
milk ·production but with no appreciable change in 
!'he percentage of butterfat. Persistcncy and the 
111i lking rates of tl1e cros.,breds rnry ll'ith the 
parentage of the animals. 

Tl1c most notable fea ture of the year has been the · 
t•stablishn1e11 t of !'lose co-operat ion with the New 
i-:>out l1 Wal es and Yirtorin n Dr partments of Agricul-
1" 1.1 re. ~ \ s a resu It, the rcgi.stcrcd J'cl'sey " Richmond 
( \, llec11 ;!rel " and the registered Red .P oll "Victoria 
Wr nnic " li:wc been purchased at a nomi1rnl cost from 
the _l\'(•1;- Sontl1 \Vail's n11d Vidori a11 Dl·pa rtruents 
1·eHprctin•l.r a~ pa1-t of a prog1·amme to upliJt the 
~e11ctic "ce il ing" fo r ,p roduction within the cross
bl'cd he rd. 

<l. I :-.vi-:s-rH;.1T10x OF Bn:r- P1wo1:cT1o;s, TX , \ L"STR,1LIA. 

(a) Sw·1·e_11 of /Jcef-caW e Prodnclion .- Tl1i s survey 
has bee11 continued . Dming the y<'al' the methods 
of bPcf-c·a ttle production in Western . \.ustra]ia and i n 
8outl1 . \.ustralia were examined an<l hv the end of 
tltc• year all field work in con nexion with this survey 
had liccn completed. .\ first interi111 report on beef
c·n tile p1·oduetio11 in nor thern ;\.ustral ia was prepared 
fo r publication. 

(b) 8/udies of !lie /;orine 8l.-i11 .- The object of this 
i nn.)stigation is to s tudy the skin and hair covering. 
During the year obsenations "·ere made on the 
~euso11al rn ria tion in tl1c " felti11g " propensities of 
!' li t• hail' col'ering of beef cattle under .\.ustralian co-n
ditions. .Morphological rnriations i11 the ha ir fibl'es, 
rnrintion~ in skin tliiclrncss, a ud quantitatiYe nssess
lrn.:nt a11d dC'finition of follicular and glandular charac
tc- ristic-s were also stud ied a~ complcme11tary to the 
hair sample measurements. · 

J t was fou ad tlrn t th<' ll'eigb t of hair per unit area 
[llld the morphological rn rint.ions of the hair :fibres, and 
])(•nee t·bc felting qnalitics, depend on the physio
log·ic-al cont rol of growth and shedding of the :fibres . 
. \. decis i,·e sbedrling of tl1e coat in springtime resul ted 
in a ha il' sample wl1ich, 1rhen moistened nnd rnbbecl 
togetlwr, f<'ll apart or h ;1d no discc1'11i ble "felting" 
pro pert ie•. Sa 1Hpl<'s n t tl1r end of the winter from the 
sa m<' nn irnals feltc1l very strongly. The eh:mges in 
i-hc ti$rncs assoei11 ted witl1 shedding were studied by 
micrO$COl)ic t echniques, and the degree and extent of 
slwdd ing 11·C!'C· measm ed in the microscopic ., rctions 
of tl1c ,;kiu. Tl1c biopsy skin samples were also used 
lo dc1·i~c nud test a nl<'thocl for mca.~u remcnt of skin 
tu iclrness. lnhercnt breed Ll ifferenccs were found by 
this method. For example, the al'crage skin thickness 
for thr .Te r;;;ey h1·eccl waR 6.5 mm., for H ereford 7.0 
mm., for Zebu 7.1 m 111 .. for Afrik:rncler 7.2 mm., and 
for De\'On 8.2 mm. 

The stud ies are hr in!l' continued and extended. 
(c ) l?cPf-ca /17,, F'eetlin_q Tnoestiga f,ions.- Tbe stall

freding experiments and other obsenations at Ta]bingo 
(Tumut, Nell' South Wa lcs), 111ade possible through 
the rnluable ro-opcrat ion of Mr. G. H. H ooper and 
fi11 1111red by the .\ustl'c1lian :Meat Board, ceased during 
tl1<' ?Car wh en Mr. Ilooper dccitlcd to ,,ell the property 
n nrl stock. K e1·C'rl.helcss, tl1 rough his assistance dur
ing Hl-1-9-50, complete inforrnatio11 was collected on 
rations, food intf!k<', body weight, a1hl carcass weight 
of some 200 steer~. The results hal'C been analysed 
nnd a full repor t is being prepared . T he work at 
Talbingo was initiated ns a pilot ex•periment fo r more 
in teusi.vc studies to be cnrried out in Au.stralifl . I t 
ha~ shown that stall feeding of commercial beef 
cattle in .\ rn, tra lia is sound economically under certain 
condi tions, and that much depends on the relative 
prices of store stock and fo<lder and whether seasonal 



('011di1ions or llw usual m11·ironlllont proYi<lc adequate 
grazi11g. lJnder conditions usually obtaining in Aus
~ralia, stall feeding must be a short-term project which, 
i11 itself, introduce,> nu tritional p r oblems of a dif
ferent kin<l from those encountered in other countries, 
such as Not'th .lmerica, 1rher c stall fot:ding is practised 

. for rclnt ively long periods. 

(cl) 'L'he Fr.eding of Beef-cattle -under Sfitd OonJ.i
lions.- The re~ults obtained with a wide rnriety of 
r ations are · bciug c:ollected under excellent conditions 
of co-opera tion from t""o Hernford Studs in New 
Soufl1 Wa l(~~- This work has already giren Yery 
gratifying resul ts in carcass-judging competit ions and 
it is expected t l ,ut the rcsnlt-s ll'ill pl nee en ttle feeding 
under stud eonditions 011 11 sounder bns is. Valuable 
1tut1·itional da tn to ~11pplemcnt those obtain ed from 
stall frccl i1w fo r topping-off pmposes a rr> being 
ohtained. '"' 

(e) h·oduclion Sl11dies in the Soulhern , 'tales of 
. I uslralio .-The Aw,trnlian Committee on An imal 
Prod ndio11 ha~ a nangcd for facilities to b e pro1·ided 
for regula r ll"eigli ing of cattle at . elected cen t res in 
the Southem .States. This ·project is being nuanced 
by tbe t\.11sfTalia.1t .Mea t Board and will be controlled 
by t he se1·crnl State Departmen ts of Ag1·iculture. Its 
object is to obtaiu inforniation on growth and fatten
ing c u:•yc•s of ueef cattle a nd so to measul'c the 
se11~011,1 l d1anges in th e nutritiYc 1•aluc of the pastme 
in a Yaricty of c111·iro11ments. This 11·ork is to be 
co-ordinalcd liv f·he Divis i011 of ,\nirnal Health and 
J ' rodurtion. So fa r, regula r 111onthly repor ts of body 
wriglit~. together witb other relevant observations 011 

~<•u~o1rn I rondi tious, are being r eceived from three 
Statiom, i1t Ron th :\ 11str:-tlia, V ictor in. ;ind T11.:;ma11ia. 

IX. ENTOMOLOGY. 
1. GEN KftA 1~. 

The Division of Entornology, which has .i ts hcatl
quarters at ·Canberra, is carrying out a research pro
gramme on insect pests and their control, on biological 
control of weeds, and on insect vectors in virus di5ea~es 
of pla11ts and animals. Its work is described in this 
Ohnpter. 

Some of tl,c work 0 11 jnsects that a ttack animals is 
hei11g undcrtnkcn in co-opera tio11 with the Division of 
:\ 11 ima'I Ilealtb and Productio11 and is r eported 11101·1• 
fully in Chapters VU. :md VIII. 

W oi·k on timber pests is also uudcrtnkrn b_v the DiYi
siou of Forest Products and i,. rlr.';crihed in C hapter 
XIII., Section 7. 

, \ more dctnilccl report than that in Section 10 of this 
Chapter is girnn in Ch apter X., Section 2 (a ), on 
c·xpcwiments by the Wildlifo Scetion with the vnns 
tlisensE, of rnl,bits, myxomatosis. 

Dicision of E'11/oinology.-The Divisi011 m ust 
primarily plan i ts 11·ork ~u that it is co-ordinated with 
that o f the State D epartmcuts of Agriculture, wl1ich net 
in an ackil'ory capacity to t l10 p rimary producers am\ 
other inrlust:rics concerned with insc-ct pests. This 
co-operation l1as been rnaintaiued and to some ex tent 
strengthened duri11g tlu, yc-nr. Where an entomologicnl 
problem is nation-wide or i111"oh-es mor e than one State, 
the Division i s expected to undertake sperifi c rcsearcl1 
on that problem , b ut it must depend on tl1e State 
Departments fo r assistanre 1111d i ts work must be 
complement11ry to theirs. In t.his category may _be 
placed such problems as the cont,rol of the Argentrnc 
ant, trnnitcs, the earth mite, cattle tick, locusts, pasture 
corkchnfcrs, pasture caterpillars, pests of stored 
products, and ot,h er s. 

However. some problems of a more fu ndamental or 
gener al naturr 111•p usunlly no't attempted hy the States. 
In this catego1·y arc four principal fieJds of rcsearc11 
which are at present receiving attention in the Division 
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of Entomology : (i) the relationships . between insec~s 
1111d their environment ; (ii) the physiology and tox1-
cology of insects; ( iii) biologica~ c?utrol o_f wee1s and 
in~ect pests; and ( i v) t he tra11sm1ss1011 of vu·us diseases 
by iusects. . . . . . 

The dC\~e1opmcnt of new msectic1des has given rise 
to n number of problems, since these highly toxic 
nrn terials, by g i1·ing a high perc~utage kill of both 
insect pests and 1bcir natmal e~em1es, crea~e abnorma l 
ronclitions in insect populn t1ons, especially when 
c-rrtain species a re resistant to tb_em: A clear under
.-tanding of t.he fundurnental p rrnc1ples that govern 
insert populations is necessary so that each problem 
c·an hr more ea.~ily d ealt wi tb as it arises and, what is 

1,c•rhaps mor e important, improved control of pests 
rn r,y be attained by modifying the application of control 
ll lC'aSll l"CS. 

Similarly, t he studies in p rogress on the pl1ysiology 
,rn<l toxicology of insects a re designed to determine 
weaknrsscs in the natural p r otection of insects in the 
.-anrn way as studi.cs on their biology and ecology will 
ind icate wealmcsses i n thei r life cycles or habits. 

Tiiologienl control, in nddit.ion to the prncticnl work 
of :ntroclucing mid spreading insects to control other 
insects or weeds, is n ecessarily bound np 11·ith popula
tio11 nnd ecological studies. This lrns been clearly 
urmonstrated a t Bright, V ictoria, by invelltigatious, 
nq w dra1Ying; to lln end, on tl ie chrysornel;cl beetles int ro
duce<[ to control St. John's wort. 

With the phenomenal ,;pread of the rabbit viru~, 
myxomatosis, during the summer of 1!)50-51, tlw 
Wildlife Section requested a~si~tance in a study of 
insrc-t n'ctors of the Yirns. nntl the Division is eo-operat
inp; fnlly in this \\·ork . 

. \ co-opcratiYc programme of \1-ork with tl1c rcspec
ti1 e States 011 the control of t,he Argenti11e ant in 
Sydney and in W estern .Australia has given "\'er.v 
prornising results, which indieatc that it may b e possible 
to effect complete er adication of the ant. Fur ther trials 
in progress and planned for the near fotnrc should 
r,;tabl ish whether or not eradicatio11 i~ possible. 

Taxonomic work which will faci li tate the correct 
i<lcnt;fieation of insects llnd thus enable u s to draw more 
readily on the work of other investigators has b een 
Muti11ned by many officers of the Division. A new field 
has been opened by the commencement of investigations 
on pa~ture cater pillars, the impor tance of which has not 
hrr11 fully r eali7.ed in the past. An officer has been 
11ppoi11ted to <:once11tra to on the pests of stored products, 
wl1ic-h con,-tituted one of the most import11nt problems 
l111nrllr<l h_v t l1r D iYision duri11p; the second world war. 

2. CATTLE Trc-rr. 

Details of r esea1·rh 011 the cattle tick arc given in 
("],apter VIII., Section 4. The ,-cope of the work is 
smnmari7.ecl b1·iefly below. 

(a) Bio-r,s.~oy '/'rs/s.- L aborator:y tests have been 
rr,11tinucd to determine th e toxic ity of several new 
insecticidrs to th e cattle tick, and their effect, on the 
Yiability of <'ggs laid by treated females. Results of thr 
las t few years' work are being prepared for publication . 

(b) Effecl of Lonq-co11 t-inuPcl C1da11eoi111 Application 
of D TYr Oilv Ro71,/ions lo ('a/ tle.- This expcrime11t, 
rommenced three years ago, is now complete, and the 
results show h ow DDT is absorbed into the animal 
ti~sues. 

(r ) Tn11est,i'._qri fions on DDT Divpi11n Ffoids.-Ad-
1-crse reports r egarding the kill of some DDT dips han~ 
•tinrnlatcd la born tory 1·rsearch to :find t,he r eason. 

(d) Biologiral r111d ltcolo_qicr1l St-udies.- Observa
tions wp1•e continued on all stages of lhe ti('k at 
Yrrronr.pillv until Novrmber. 1950, and thereafter at 
Rcrkhampto11. _ _ Work has breu couccntn1tcd mainly on 
the· non-parus1tic stages and on the developrncmt of 
rne:thoch of sampli11g l arval tick s i11 pastures. 



3. S 1umP BLOWFLY. 

Hescurcl1 011 the sh eep blowfly is describu<l _ill 
l 'hnpter V 11., Section 18. The following is a bnef 
~ummary of the work. 

(a) l11seclicide:; for P_rolecl~on aga,i~1st Body _Strike. 
-The effect of n lmlllclrng fl u 1cl b ase ~u cx~end~ng th_e 
prriod of protection given by DDT 1s bcrng 1mcstl
g11tcd. 

(b) /h-cssings.-lt has been shown ~hat colDJller?ial 
p 1·cparn tio11s of DDT and BUC, :"hen hbora11J'. applied, 
appear to be sui table fo1· treatrng small ~trikes, and 
1, ro,·idl• a tempor ary treatment for l arge stnkes. 

(1') A°l'ulogy of ,~/wcp_ Blowf/ics.-E:-peri.ments ~re 
being co11ti11ucd to 1111·cst1g_ntc the reaction of bloll'fhe~ 
t11 ba its, :1 11d fur,ther studies hnve been made 011 tbo 
hrecding of blowflies iu carrion. 

(cl) Lifc-hi.~lu1·y ~/11clics.-1\ ddit~onal information 
has b(•c•n M<·tt11111lntctl ou th<' breedmg-plaees of Aus
i!•al i:rn ('nlliplioridne. 

(e) /Jislri/J//lio11 of Ual!iphoriclae.-Som~ intercst
i?,g records an• bring oLta_mcd from collect10ns made 
i11 rnrions parl• of .\u1;tral1a. 
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'flit• ll'o1·k unclc1· thi;; heacliug is caniecl out with the 
ohjrct of ohtainiug a hctkr understanding of the 
physiology of insrct~, and of usi_ng ~urh ½n~>Wledge to 
imEcnlc ht·ltcr lllCthods of applying 111scct1c1des. 

(tt) /Jivc1,/ion uf ll'uol b.11 f1~s1;c/s.-~n c~ntinuntion 
c,f eal'licr stuclic•s on the mccharnsm of cl1gest1on of wool 
!,,· farnw of the rlothc~-moth Tincola, the hJdrogen-ion 
c·;;111·1•11! ra 1 ion and the oxidation-recluction potential of 
ll!C• digt•::di1·1· juic·r~ liaYe brcn rc-examincc\ and. more 
11,·e111·11t<' data ohl:i inecl. The fotr ll'as 11lso rnvest1gatcd 
of n l111·~t• 1111111bC'r of clements following ingestion. . 

Ti111•,1/11 l:1n·:1e h1wc been found to he able to detox1f.y 
11 11':clc•r r:u11?,c· of mc·t11h and non-metals (many of "'ltiC'h 
111·r ordi 11:11:i li· hi<•ldY toxic) tha n most other nnimnh. ' n . 

• \n i11r1•~ti"'Hlio11 has com111rncrd 011 ,·nrious aspcrt~ 
,.f the• ?11c·tah;iis111 (p:nticularl.v sulphur metabolism) of 
<·lothr,--mot h lil n·:1c• and th is has necess: tn tcd n careful 
1•lip111i,·al 1•x:m1'nntio11 of the faeces. Uric acicl i~ t he 
prcdo111i11nnl nrnte rinl ancl occm s to the extent of obont 
-rn p<'l' c·rn t. . \ 1>011 t G per cent. c~·stine is prcsen t. 
togl'thr,· \\'ith :<ninller amounts of sulphate s11lpl1ur nnd 
lP'e:'l. 

(11) l '1wl"i:/il)11 of Uric tlt:id by fnsccls.-UriC' 1rnirl 
i, a <·hnrnC'tcristic· componrnt of insect excreta, hut 
almo-:t 11olhing is known of its method of formation in 
the ti,;snrs. Thr ;:ite of uriP acid synthesis i s being 
rxamincd nnd a stud,v of the biochemistry of the process 
in i,olatcd tissues and enzyme systems has b egun. 

(r) fnsrrl ,lfusdr T?inclic,nistry.- !\ study on 
r-nr.,rme kinetics of 1he musrlc apyrase in relation to its 
h\·o snbstrnte~. .\ TP and ,\DP, l1as yielded some 
in trre~ti ll~ !'CSU 1ts. 

Vi;;<•osity stndirs li111·0 been cal'l'icd out 011 actornyo
~ins prep!ll'Nl hy different rnethocls from both thorncic· 
nncl fomo1·al mw;rlcs of imccts. and 1111,·e re,·cnlecl 
,,·idel.,· diffcrin~ pl1y.~ical p1·opc;.ties of the proteins 
fr om th<' two t,vpcs of musclP. 

(rl) ('11/il"l,/01· Proteins.-'Fnrther work has bcc11 
rarrircl 011t 011 the protein of insect c11tirles. including 
idcntificntion of the free carbox:d groups. Th(' water
Folublr prntcin hns hren $ho\\·n to be hrtcrogeucou~, a 
11nmhrr of ro111po11ent·s being present whose isoelcct,·i<· 
points rnngc from four to six. One compon~11t is 
pre~ent to nn extent of about 50 per cent. and 1t )ins 
bec11 isolntcd ancl studied. 

An inl'Csti~Rtion is in prog1·css on the structure nucl 
properties of th e h nrd?ned protc_in occn:-rinA' in insect 
,.11t irles. Sevcra1 mod1:6ed protern froctions hove been 
isolated all(! al'<' heing- ~tn<liNl. It has brcn shown that 

the cnr.yme polyphcnol o~idase is able ~o oxidi~e the 
phenolic groups of _tyrosrnc to the q~nnone. w1tho~t 
rcworal of the tyrosine from the pr?tern cham. This 
quinouoid protein then acts as n tamung agent. 

(e) '!_'fie ()u,np~sition of the floney1ew Produced,by 
rl11slr//lwn Cocculs of lhe Oenus Oeroplastes.-'J.he 
hom•~ dcn-s produc.:cd by thrrc of the four species of ,~ax 
s<'ale in,;ccts belonging to t11c genus Oeroplastes which 
occm in _\ustrnlia have been examined. It has been 
shown that the honcydell's excreted by 0 . destrucl,or, 
C .. ccrifer11s, uud C.: . rubens contain the sugar alcoh~l 
acloJ1itol (ribitol) nnd for U. cleslntclor and 0 . ceri
f 1:n11, this is the only carbohydrate mate~ial presen~. 
The honcydell' exc.:retecl by 0. rubens contams,_ m a_dd1-
tio11 to ado11it.ol, glucose a.nd another umdent1fiecl 
redut·i11g sugar. The honeydews produced by these 
thrrP srale inscc·ts contain amino acids and proteins. 
Tlw ,;np of three host plants for these scales contains 
nclonilol. It is considered that the insects ingest and 
ex1:1·c•lo the adouitol lmchaugcd. 

(!) l nsecl Haemolymph.- Iu a _programme ~f_ work 
on insect Laeruolymph, differences rn the compos1tion of 
the lnnal and prepupal hacmolymph of Calliphora 
.spp. (blowflies) ore being investigated. Since. tbe la~t 
la r va l cuticle is h11rdened to fo1·m the pupanum this 
11:ork should tl1row considerable light on tho changes 
ll'hich occur during the hardening of insect cuticle. 

The natu1·c 1,f tlie pigments responsible for the green 
('1110111· of tbe larval haemolymph of !)eris rapae is also 
rcccirillg attention. Tl1e colour is duo 1:o the presence 
of c·urotinoid and bile pigments. 

(q) L11flue11ce of Sulrilion on Reproduction.-.i 
~,u;h· of the effeets of nutrition on reproduction of sheep 
hlo11;rlic•, i-; in progress. Limitation 01· inaJequncy of 
:arrn l food produces smaller flies than an adequate diet. 
Thrrc j ~ a clow correlation between adult size and th<' 
11u111brr of ornriolcs present and this in turn influences 
the reproductirc capacity of the adult. 

Tht· stages in ovarian doYelopment on rnrious diet~ 
a 1·c· hring followed . Fertilization docs not influence 
ratl' ,if ~~It clc,·C'lopment, although thi~ is retarded b;I' 
-:l101·t-cl11ration n1111estbesia with carbon dioxide. 

.i. 810LOGH .. '/\l. Cowrno r .. 

.\C'ti,c research is in progress on the control of 
1·a1·iou0 introduced ll'eeds and insect pests Ly means of 
beneficial insects introduced from thefr native habitat. 
Other problems i11 this sphere of actil'ity are being 
r•o11siclerccl. and up-to-elate information on some of them 
is arnilable following tl1c visit of an officer of this 
l' i,·ision to Europe and America. 

(a ) , '/. John's Worf.- (i) Ecological Stitdies at 
JJri.1ltl, T'ictoria.-Inrnstigations were commenced at 
Bright in 1948 to asses;; the cffecti,·cne=s of Chrysomela 
gemcllala Rossi n11d C. h_lfpcrici Forst. as controls of 
St. Joh n's wort and to -seek guidance for future experi
inents in the entomolog ical cont rol of weeds. 

T his progi·amme was found to im·oh·e a good den! of 
ba~ir research on the biology of tl1e inscC'ts and of the 
ll'cccl. .\ slndy wns made of the ecology of the weed, its 
method~ of reproduction, resistance to defoliation, 
ng/FCSsivcn ess, nnd the competition of nssociatecl flora 
with i t. Tl1c effectiveness of control by pasture im
prornment and frequent cultivation was also studied. 

r'etniled studies were made of the beetles to facilitate 
irlr11tifiration of immature stages aud to determine the 
lifr l1istor,y nnr1 hchaviour of cnch species, together wit.h 
the physical and b iotic factors causing mortalitJ. T heir 
rre11ern l ecolog,1 was also sturlied. 

The<;c inYestill'ntions have shown tbnt an undisturb(';d 
stand of St. John's wort is maintnined entirely by 
n iiretnti 1·c reprodnrtion, and much of tho locnl snre:14 
take~ place by suckering. Some seeds remain ,·iabln in 
th<• i;oil for at lenst fi,r years. Consequently. after an 



area has been cleared, seedling regeneration ,r ill con
tinue for some years. This can be controlled by develop
ing au almost complete ground cover of other herbage, 
particularly subterrnneau clo,·er, which is maintained 
by annual manuring with superphosphate or by fre
quent cultivation. The abilit,y of plants to survirn 
defoliation was fotrn<l to n1ry with their size and age 
and wit,h soil type and moisture conditions. Unless a 
high percentage of tbc wort plants 11'as destroyed, 
vegetati,·c reproduction usually resulted in re-occupa
tion of the vacan t spaces in a ,·cry short time. 

l<'iel<l studies ha re showu that, when nu111erous, 
Chrysomela gemellafa can almost completely destroy 
any type of well-established fl yperirnm. stand, whereas 
C. hyserici bas only a limited ability to kill tl:e plant. 
The latt'cr cons istently reduced seed produet1011, but 
this had no particular rnluc in controlling the weed . 
Became of their outward moi-cment from the original 
eolony :;itcs, boLh :;pC'tiC$ oft<•JI failed to attack t.hc sced
lin0· "Towth which follo,red destruction of the original 
sta~1cf Ifowernr, their tendency to amid timbered 
areas frecp1entl,y forced them back to the wol'l,ed-oi-er 
arna. 

Extensii-e destruction of the weed has occurred con
sistently only in areas of abandoned farmJancl and in 
some pine plan tR tions where suitable cover fo r the 
inseds is arnilable. It appears that there is l ittle 
chance of coutrol in eucalypt forest·s, ,,·here most of 
the infestation occurs and where other means of control 
are lenst practicable. 

The insects ma.v prove useful in t reeless grazing land 
too steep for cul tinition, where tl1e wort c-onld bC' 
replaced by useful pasture species. 

I nvestigations at B right emplrnsize that detai led 
attention should be gi,·en to the flora as~oriatcd wit-It :i 

weed, -firstly to ascertain the extent. to which othN 
plants 11rc l ikely to assist the insect,-, am.1 scC"ondly to 
determine the species likely to replac;C' the wPe<l. 

( ii) Libera/ ion of Chryso111ela Speci1:s.-A.drlitio1rn 1 
liberations of C'hrysomela hyperici anrl C. gemcl/alo 
1mm been made in selected localities throughout Np11· 
South Wales, and the help of office1·s of the Vietorian 
Department of Lands nnd StuTey in the collection of 
material has been invalunble. They have been making 
fnrtl1er liberations in Victor ia. Rrports ha rn been 
receiYecl from parts of New South Wales, whcrr 
liberations haYC not previously been made, that the 
growth of St. John's wor t is ve1·y heav,y, :ind these• 
nreas 11·ill he examined with a Yicw to distributing thl' 
beetles there. 

In sei-eral districts officers of the New South Wa les 
Department of Agriculture have co-operated in this 
work, both by making liberations and by making 
obser vations on the resultant establishment. of the 
beetles. The Mid-Wes tern County Couucil 11!1s n 1~0 
co-operated . 

Th0 beetle~ have increa.~ed iu al.rnnclancc in man:v 
dist1·icts, 11'hile in others tl1ere appears to ha\·c been 
~ rcdnction iii numbers. .'\11 sitos w11ere l iberntion,: 
har<' been made are bein!; kept under obscrYation and 
~uppl0ment11ry liberations arn nrncle where it i~ con
sidered dcsi rnble. 

Small numbers of Z euxirliplosis giardi . the gall-midge 
of St. J obn's wort, emerged from tlw consi~nment·~ 
introcluc·ed from Europe last year. In spite of all 
effor ts, however, the insects failed to cstn bli~l1 the111-
sches in the insectary. 

(b) Cabbafle .illoih .-Fmther field libero tions liav<' 
heen made of A nr1ilio cerovhartn and Diadr01m1s coll orig 
in all States of tl1c Oomrnon11'ealth, though liberations 
of tltC' former have been graclm1lly diminisl1C'd a• 
evidence of itR general establishment accumulated. I n 
the period under review six liberations of ;ln[lilia haw 
hecn made and 34 liberations of D-ir1dro1n·u.s. some 
12,000 specimens in all being released in the field. 

.l11yiliu is probably generally established, and in ~ew 
::iouth \Vales at least is extremely abundant and wide
spread . Diadromus has been recoi-ered on a number 
of occasions, but does not yet appear to ~le very 
abundant. Plu.lalla seems to have been fa r less 
numerous this yea r in New South '\\Tales. . 

Field studies on expe1·imental plots have y1.el<le<l 
i11 !cresting data on the abundance of Pl1~tella an1 the 
large number of parasites and hyperparas1tes as:3ociated 
wi t.h it. 

Plans liaYe been made for the intro<luctio11 of cultures 
of Dicidronms cotlCL1·is Diadrorniis wl>Wicornis, and 
. I po11/eles plnlellae, a1J parasites of Pllllella, from 
e:onti11ental Europe. 

(<') Cubbage B11.lter/l.y.-Li'ueratiuns of Ap1:nle/e:,; 
rubecula throughout the Oommonwea·lth hare been con
t·inui.:d, 23 !iberatio11g, totalling about 5,300 specimens, 
lw,·ing been ma<le <luring the year. Some recorcries at 
n number of point,s hiwe been wade and this parasite i~ 
prohabl_y well established. 

f'1·on.i fif'ld $tn<lies made 011 ex1_Jc1·i me11ta l p lots, 111 uch 
informatiou has been obtained on the relatii-e abundance> 
of Picri1; and the three established parasites (.4 . 
rnbccula. A . glom'!-rnlus, and Pteromalus piiJJariim) . 
Parasitism reaclies practically 100 per cent. during the 
summer. 

(d) Urccn regetable Bug.-Fmtl1er work has been 
tarried out with the parasite Trichopodci pennives, but 
difficulty haft been expcrie11ced in maintaining a culture 
of tl1is parasite. Nevertheless, three liberations ha,·c 
heC'n made during the last year, and in one area 
pan1si tizecl hosts were found shortly after the liberation 
\\'as made. An attempt is being made to maintain a 
C"t1lt11 rc of the ho~t a11<l parasite throughout the winter. 

(e) !'nlalo Molh.- Little work has been done on this 
s1wc:ies and its para.sites during the year, but plans ha,·e 
lJC'en made fo1· a field survey to ascertain which of the 
nirions parasite;; liberated in past years haYc become 
established . 

(f) Rerl Scale.-The Chinese parasite or red scale: 
C'oin1;eriella bifasciaLa. introduced from Oalifornia a 
few seasons ago, is established in South ,\ nstralia where 
it Pan he readily recovered. 

(g) Quec11.sla11d Ji'roil Ji'ly.-Foll o"·iug the outstand
i ng- results obtained by ,i.merican workers in Hawaii 
against Dacus dorsal.is, anangements ha Ye been made to 
11ttempt to utilize some of these parasites against 
Q1H'C'nsland fruit fly and other fr11it flies in .\ustrali a. 

(h) Heliolropi111n cnrovnemn.-The possibility of the 
biologi<'al control of this serious weed, which causes 
toxaemic jauncli<·e in sheep, bas been under considera
tion. A sun·ey of the literatnre and a field st,udy caniccl 
ont i11 the 11'estern 1Vfediterraneau b::i,·<' indicated that a 
Hen hectic, T,011gifarsus albi11eus, may µro,·e useful. ,\ n 
offic·C't' of the Commonwealth Bureau of Biological 
Control is rngaged in studying fu r ther the possihle 
1·(1 ht<' of the insect. 

(i) Reel Spider.-Two shipments of Sie/1wrns 
1·c1,c;a11s, the ladybird predator of red spider and other 
mites, were obtained in Canberra with the co-operation 
of ]o<;al orcliardi$ts and forwarded tn the Division of 
Uiolog·i<'a 1 Control, UuiYersit.v of California . 

G. Pon1c.Anox DYNA~lr('s. 
'\~rhen ~eeking to control i mc>"t pe~'t~ om nbjrct i~ 

so to rC'du<·c their population leYe] that the damage 
they r1111~e is rconomic:1 lly nC'gl igihlc. The meth~d 
~c•ner~l '.y n~cd is t? kil l th~ in~ects, rither by applying 
msectleHlC's or by rntroduC'm.c: natn ral C'nemies. How
ei-er. even when a new control measure produces 
spectacular resnlts initially, tlte good results are, by 
no means a 1ways maintained when the method coi~
!inucs to be employed ?'·er a_ number of years. This 
1s b('C'llUSC' we are de11lrng with II complex system of 



cquilibl'iu wl1id1 always tends to bccowe readjustc_d in 
,melt a wu_y that on the a rc!·agc the . 11nm ~e,· of bHths 
equals the number of deaths lll any given time. In the 
J)l'Oduction of this readjust,ment there is a strong 
tcndcucy for the population to swing back to'.val'ds 
the IC1·el cxistiug before the _new method was ~nt l"?
duced. Only by uHderstundmg the nature o.f t bts 
equilibrium system ean wo expect to cnq.Jloy control 
111casu1·es intelligently and cflicie!1 tly . . . . . 

E xperiments designed to elucHlate t lu,;; cqu1hbnu111 
sy,;;tem ltarc been continued, using; t lw sheep blowfly 
ns the cxporimental animal. 1\Jluch of tho work during 
the past ycal' has been concerned wi~h cvoh·i:1g better 
cxpcl'imental methods and constrnct111g spccrnl appa-
1·a tus. 'Ni tit the irnpro\'ed methods many of t he 
pl'eliminary resul ts have been confirmed, and a better 
understanding bas been l'Cacbed of t lw causes nud 
natul'c of the population oscil lations t liat occur when 
the sheep blo,1·fly is li111i ted olll_y uy food which is 
supplied a t a co11sta11t rate. In adclirion, new experi
ments haYe been sot up to explore tltc infl11ence of 
otltel' fadors on the blowfly population. 

13y eo11s idc1·ing the expel'imental r esul ts in 1·clation 
to a ll arn ilablc published informn t.ion concerning 
animal populations, i t has been found pos$ihlc to 
formulate a gc11eral theory to account fo r the naturul 
contl'ol of auinrnl populatio11s. T his theory wa$ 
dernlopod from t!tc examination of cel'tain fu11da111011tal 
processes known to influence popuh1tions, and t h<· 
wic"lely di,·e1·se facts known about a11 in1nl population,; 
all fit into it natu rally, although prc·riously 111nny of 
thc•~e appeared to conflic:t. with one another . 

7. locus-rs ANn Gn.1ssHOPP1::1cs. 
The outbreak of the :\u~tn1 lia11 PlaguP Lotust tlrnt 

ll'a ;; expected to de,·elop in the sea~o11 lD.iO-,i I did 
not 1na tcrialize. Swal'ms ll'l're prnrt i0·nlly confinrd lu 
the Western Divis io11 of N"ew South Walt's and adj:H·ent 
1,arts of South . \ustrnlia. This set"11 1,; to ha ni bec•n 
clue to lhc unprecedented Hood~ that oc:(•nrred in the 
111njor outbreak a reas of New South ·wa l1•s during the 
~1wing. The local l'a infall 1ras so hPn1·y that c1·c11 
111·c:1s that were not fl ooclt•d dc,·elopecl ;i pasture t.oo tall 
11 11 d den,;e to he fa1·orablc fo 1· the loe11~t. .\ s a c·onsc
quence tli cl'c 11·as no i ncrease in numhcrs over those of 
the nutnntn of 1050, and the f<•11· s11·n 1·ms that lrntchC'd 
in tlw lfogan-i\facqun ric Out.break .\ rea soon disi11-
tegratcd. The wet conditions wc1·e followed b_y n11 

cxtrrmC'ly dry spell commencing in December. and 
this flll'the 1· l'e<lnc·crl the pop11lntio11 . .\ n in tcrestinp: 
obsen ation of thC' ha tclt ing of <'gp;s in :rn 11rca near 
Trnngic that had been under wat<'I' throughout th(' 
1rintcr N>11firmc•d eoHclusions rc•ar•l10d 1':11·licr' tltnt cg~, 
C'an withstand 1·cr_y 11·et ronclitions fo r long pel'io(ls a, 
long a.~ the tempcra l·urc remains hr•low the l111t·chin !:!' 
threshold. ·· 

The spri111r floods ea11sed a considernlilr los~ of tl'e(', 
and shr11hs fron1 tl,r trcr-ha rrier PXl'rrirnC'nt on the 
Trangic E xpc•rirnent Station. 1lf :1101ior11m r11011/n1111m 

ll'as t:ll r ticu]arly b11dl_v nffe"tecl mid 1110,;t of the plant~ 
of tlu~ ~pec1cs ha\' r now surcnmbecl. Th r re wcrr nlso 
about 20 ym· cent. of dc•ath~ n1110 11g the :ltriple.1· 
1111mm11/ono. bnt tl1e s preading hahit of th is SJ ecies 
has prevented n.ny appt·cl'ia ble gaps fro 111 :tppei1l'i 11~ in 
the harrier as n result of the lossr~. 111 tl,r trcc
hanier plots on " 'M_vall :Vfundi " many :.[yopon1111.~ 
11·e1'<' bark('d b_y ra hbits during thr 1·rrv drv antnmn 
of 105]. F rom one cnnsr 01· 11notl1c•l' thi ., ~pe.cirs srcrn~ 
to hr J),'ntclually rlisappcm·in g from thP h:n1·ir rs, lcininµ; 
Alriple.,· ri·11mm11lnrio as the only effrdi\'r ilpccies. 

Tt was hoped thnt the rabhi t-prnof ll<'ttinrr mio·h t 
he lifted from the tree-barrier plots clming· the'':rntn~1n 
a~ the fi.rst-. s t.ep tE>wards ;;ubmitting ilw baniers to 
normal grazing pressurr. However, thC' ver.v dr,v con
ditions 1111d thr p:rC>nt abnndance of rahhits lrd to the 
postponrrnrnt of this gtep until late!' in the win ter . 
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Cot1$idcrable progro,;s I.ms been rnadc i11 Lhe revcgeta
t ion of the sca lded areas under study, but the sea.son 
has been so fa ,·ornble to plant growth that the por-
1trn1te1tc;e of this improvement cannot be guaranteed. 

.·\ n extension of earlier work on the relation between 
trees and locust abundance has been irndertakeu during 
t.he _yea r. In the earlier observations the naturally
occurring belts of t t·ecs studied were so narrow that 
11101·e111enL of locusts into them from adjacent cleared 
c·ountry was mainly t·espou,;;ible fo1· the rclatfrel_y high 
nutnbers obsel'ved wiLhin the belt. Altltougb a marked 
di111i11ut ion in locust abundance was recorded as one 
ponctt-atctl into the belt, and this was foun<l. to be 
eol'l'elated witlt the dc11sit.Y of the trees, t he factor of 
inward rnornmcnt. of locusts prevented any conclusions 
being drawu as to the population that could be 1Jer-
11 1a11e11 tl_y maintained within really e.xtcllsive timbered 
a reas. Larger areas have now been located in central 
,ind J1or thern New South \Vales, including a wide 
range of t1·ce density from n llllost l"i1·gin conditi ons to 
a s pac:i11g su/ticiently wide to cause little or no inter
fc•1·e11<·e with pastul'c growth. Preliminary counts of 
lotu~ts l1a1·e been made in these areas, but systemati;! 
ohserrn tions must await a r ise in the general locust 
populatiou. 

Taxonomic work Oil grasshoppers Las heeu continued, 
particularly on the genera Chorloiccles and fb1stroi
rr/P.s. which include tlte two most injurious .:1ustralian 
Acrididae. 

S. OocKcH.IFERS. 

.\ long-tc•n n expcrin,ent on the control of the pasture 
('Ol·kehafcr, . lphntl·i11s hotl'ill i Hope, has been con
cl11dc•d. In the U:rnbenn distri l't, 11 single treat111ent 
of a ~own JrnStHrc• with 3.:-3 lb. DDT per arre "'ave an 
cffc:divc c-onti-ol of the species for fhe th rc~ years 
following t.lrn t of appliratio11. _\. rr.tu rn towal'cls normal 
IC>1·cls of info~tation w as noti<:cable in thr fourth season. 
I II this cxpc•rimcnt the DDT was applied as a 2 per 
?Pn t. dnst. :\ fur ther t rial was made using DDT-
11nprcgnatcd su perphospltatc, ;;preacl by a drill at the 
nitl· of l. 7 lli. nnT and !)5 lb. supcrphosphate per. 
ac-t·c•. Tltc• dcgn·t• of control 1rns not as high as in the 
fo rmer cxpcri11Hmt ( in which 1·irtua1ly com])lete coutrol 
oN·nned in tbe fi r,t year ), hut was sufficient (68-S7 
1-e r cent. r·o!1trol ) to reduce the grub population to 
lL"n·h at wlnrh uo <lC'tPc·tnblc <lnmao-e occurred. 

T he ~t11d_,, of the c•colog:y of ,Jphodius has been 
f,1_1rtl~1•1·c,! I,_,. _cl,1_t? p;athered on field su rnys of the 
u1st.nh11t1 011 of 1 ,11s c-ockehafor aucl by lnborntorv and 
fir, ld cx pl•1·irncnts. ' · • 

ltccen_t i111·estigations lt 11\'e c·onfirllled two hypotheses 
1·C11_1 rP1·~1:ng the C'col~gy of Aphorlius. namely, that 
onpos1t1011 occu rs twice, and that tl1e su 1·vival of the 
,,pceirs is not dependent upon tl1e p1·csruce of duno-. 
The first Ol'iposition orcm·s heforc feeding beo-ins m~l 
1n:iy tah• place .in tli C' soil when• the adult wa; fo;.med 
rrsulting in tht' ohsen·ed tendency for infostatio1~ 
p;i rtern.• to be 1·epen ted for se,·eni 1 suc·ce.%ive seasons. 
X ot only does thi,, primary ovi position precede feed
ing-. hut the n11mbcr of eggs lnid is approximatel y 
'.louhlc t!1nt of the ~rr·o.ndnr,v o,: i1~osit!on .. -~'he species 
'.·• f·hc1·1'forc cnpablr of m1unta111mg- 1tsrlf mdefinitely 
1u the nbscncc of dung. as on golf-link fa inrny~ and 
lawns. 

.. Otlit' r work ca nied out h~s i_ncl1~cled the completion 
ot thl' firlll s111Te_y of t.he d1,t1·1b11t1on of A71hodi11s in 
~ e,~· So~1t.h Wales_and \7ictorin, ll'lwrc tlie geographieal 
It 1111t;: of the spe('1cs arc now known with considerable 
acc·nrarY. Furthel' studies ha re hC' r11 made of the 
('colog-y and control of tho. c ,;carabaeicl., illl"olvrd in 
c•ncal~rpt dcfoli~tion, of those damaging turf, aucl of 
a South Amcn can scarnb (C:1Jclocephala si,qnnticol lis 
-R11 rm. ) recent]>- int.rocluced to this rountrv. 

Tm prO\'ed techniques for the presel'vini and storage 
of ln l'vac ha\'e been clel'elopcd. 



T he prog1·umme o [ rearing, i<leutificatiou, an<l 
description of sca r ubaeid lal'vae has been contin ued 
on au i ncreasing scale. The yield of adults from 
material collected in 1050 was better than that of 
preceding years, owing to improved r ea r ing techniques. 

!l. Rim-LEGGEJJ EART JJ :MnE. 

E xper iments have been continued on lllethods of 
application to pastures of IJDT, which was earlier 
fou nd to be effecti ve against the rcd-kgged earth mite, 
the pest of subterranean cloYer in southern A.ustralin . 
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The p revious year's expc1·i mcn ts indicated that the 
application of DIJT-supcrpbospl1ate m ixtur es to 
pastures by 1nc.rn;; of the broadcaster 01· "spin ner " 
d id not g ive satisfactory results, a nd this year ex1)eri-
111cnts were undertaken with n power dusting DJacl1i ne. 
The results, althouglt not up to expectations, wer e 
consider ably better than the broadcaster trea tmcnts, 
but still di<l not compare witL those in small-scale 
experiments. Dl'i ll nppl ications tcmlcd to give slightly 
better results. DDT applied b.r dr ill 11t the rate of 
90 lb. of 1 per cent. dust i 11 super phosphate per acre 
p;ave an SO pe1· cent. kill of mites at tl1c beginning· 
of the season a1ul reduced tlw d :nnage to the young 
clovc1· plants to less l'lrnn 10 per rent. of tha t in the 
tmtreated eo11tl'OI plots. Ficlcl applications at this rate 
quickly Jose any r esidual effect and the m ite population 
may r eturn almost to normal by the encl of the season, 
but the pasture k1,; been pr otected from severe mite 
attack ·at t he time of ger mination when the cl ol'er 
seedlings lll'C most \'Ulne1·able. It has already been 
sho\\'l1 tltnt mi te attack after the first for tnight of thl! 
growing pc1·iod has l ittle 01· no effect on the final yield 
of subterranean clo\'Cr. · 

The DDT dust may be applied at any time during 
the_ late summer months- 1'.Iar c·h or ,\ pril-lrnt appli
cations >'hould be delayed as long as possible and the 
best results 11wy br expected fro111 t reatments applid 
within a \\'eek of tl1e co111111encc111cnt of the fi rst 
autu mn rains. · 

Obser vations during all field d nstiug OJ)Crn tions \\'i th 
broadcaster, drill, a nd power duster strongly suggested 
that much of the DDT is lost in wi.11cl drift and co11-
1·ection cnncnts and it is considered that tl1c rela
tively inefficient contl'DI ac!ticYed by the abOl'C D D'J' 
treatmen ts of pastm cs oil n la l'ge scale is due to th is 
factor. F11r ther cxperirnents ltnYc i n fac·t shown that 
all the cffoetil'C~ DDT is contained in the fine dust of 
Lhe mix tures. IIigltly cffecti\'C contrnl cau, of course 
be obtained by a substantial increase in the amoui:t of 
DDT used. 

I n an effor t to o,·crcomc the d iH.culty of d rift., 
a 50 per cen t. g ranular for m of DDT was obtained. 
Ap plications equivalent to ·!JO lb . of 1 per cent. dust 
per_ ·acre were made b ut with disappointing resnlts due, 
it_ 1s thought, to the fact that rclath·cly fow of the 
lnghl,y conce11tratc,l granules were used in each treat
ment so thnt t:hc mites in their random movc1ll1Jnts 
failed to make contact with the g r anules sutncicntl,v 
often to pick up a lethal dose. Experimc11ts arc uow 
being trndel'taken i n \l'hich an effort is made to incor
porato the DDT within su pcrphosphutc gra1111lcs to 
prn<lucc a 1 per ccut. mixturC' wh ich will form a more 
continuous corer 0 11 the gron ncl and 110110 of wl1 i<" l1 
will be fuw enough to be ca nicd away by wiucl drift. 

. The use of DDT ag;ainst the red-leggec\ ear th 111itc 
rn pastures a lso infested with the lnccrnc ficn 
~ Smi1! l ~wr1!s uiridis L.) is not recommended, as thi~ 
msect1c1de 1s com pletely non-toxi c to the latter insect. 
_lt is, however, toxic to the natural prcdntor of the 
l u-cerne il.ea, the Bdellid mite (.B iscir11s lcipicla1·ius K r .), 
and in small-scale expc1·imcnts DDT t reatment ha·~ 
l'esulted in a nrn rkecl incr cMe i11 the number of lnerr i1C' 
fleas pr esent. 

Experiu1e11 ts have been begun this year trorn which 
i t is hoped to obta in detailed in for mation on th~: 
short- aud long-term effects of mite attack on the 
yield and composition -0f an established subterranean 
clover pasture. Cater pillar infestations, should they 
occul', will also be taken into account. 

Samples of sever al new insecticides ha,-e been 
obtained und will be used in exper iments on botb the 
earth mite aud tlie Jucerne flea. 

10. I NSECTS AN D VmusES. 

(a) .Myxomalosis.-T he most imp or tant develop
ment during the year was the ini tiation of work on 
the insect vectors of myxomatosis. In the ear ly work 
on the c.l isease a consider able amount was learned about 
the potential ities of insects as 1·cctor s. W ith tbe 
emphasis placed on blood-sucking D iptel'a in the r ece11L 
cpizootic, information is needed on a n umber of points 
not preriously examined. A programme, in collabora
tion \\'itb P rofessor F . F en ner, of the Austr alian 
National Univer sity, is planned to obtain data on the 
laboratory aspects of mosquito transmission. 

( b) Physiology of 11 irus Vectors.--In con tilluati0u 
oi the wor k repor ted last year 011 the uptake of r adi o
pl1osphor us by the jassid Orosius, the feeding of this 
and other s•pecies of jassids has been examined fur ther. 
The species differ in their preference for different plant 
~issues. Limotellix p refer s to feed on the phloem of 
its host p lan ts, aud this should make it an efficien t 
YCctor of phloem-i11babiting viruses. An examination 
of the mechanism by which it finds th is t issue has 
refuted the generally accepted hypothesis that ph loem
feeding jassic.ls £.nd their preferred tissue by mea ns of 
a gradient of hydrogen-ion concentr ation from the 
plant epider mis to the vascular bundle. T he evidence 
imlicates that jassids actually locate the tissues on 
which they p r efer to feed by rnn<lom p r obin"' with 
their mouth-parts. 

0 

. .:\n inter esting obser vation on the transmi ssion of 
spotted wilt of tomatoes by the thrips vector s is that 
ndults arc unable t.o t ransmit the d isease unless they 
have feel upon an infected p~a.nt when in the la r val 
stage whereas lal'l'ae ar e infective after a latent period 
of a few clays . . T h is has b~en kuoll'n for a long t ime, 
hut no e~planatlon has pr eviously been suggested. The 
hy1lothes1s bas now been advanced that the virus is 
dcstr_oyed by oxi~atiou in the adult alimentary t r a(.lt, 
but 1s protect.eel m the l an ac, and CXJ)crimental evi
dence ii> being accumula ted to tc;;t this h_ypothesis. 

( c) 'f'ransmii;sion of Plant lT irui;es.-W ork has been 
eontinued on the tr ansmission of witches' broom of 
luceme and to?aeco yellow dw~l'f. It has p roved to 
bo extremely difficult to tr ansmit the former from one 
lucerne plant to another . I t seems possible that t his 
do_cs . not normally occur in the field, but that tr ans
mission to lneerne nor mally takes place from weeds 
har bouring the virus. 

An attempt is being made to determine if other 
sprcies of jassids than tl:e _common b row11 leafhopper 
n;·c _capable of . tra1:sm1t~mg these Yirus diseases. 
l ~l't1cuby atten~1011 1s bemg 1,aid to the speci es of 
~1111 ?f clii~· men tioned 11 bol'e, to species of Eilscelis, 
It urnioscozms, and N ~hel(!,, Laboratory colonies of 
tb~s~ haYe been established, but so fa r posi tive t r nns-
1111ss1on bas not been obtained . 

11. T ER!\ll'l'ES . 

Du l'!11g the past twcll'c montbs 512 test colonie' of 
N awl_dernies e~ilios11s and 118 of Gop/'olenncs lac1ws 
ll'ere mst~lled m standar d bboratory tests of timbers, 
preser r:1t11·es! &c. Tbesp standardiz.ed tests have 
included native commercial t iDJbers building boar ds 
plywoods, an d pl astic cable coatino-s. ' ' 

Amon& th~ mo!·e i~1portant test results, Eucalyptus 
olba, wlnch 1s bemg imported into Iiustralia for rail-
11'1lJ sleeper s, showed nbout the same termite .. csistru1ce 
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11s i·e<l mahogany (.l!,', res-inifera) , telephone cable 
coverings of polyvinyl chloride . were badly dau1ageJ, 
whilst polythene coverings showed only slight surface 
injury, and progress :figures on the second group of 
Australian commercial timbers indicated that they may 
be placed in the following oi·der of decreasing 1·e
sistance : Syncarpia lnurifolia, Eitcalyptws paniwlatu, 
E . tereticornis, JJJ. crebra, E . grandis, and E. m,icnrnlha. 

A temporary field station has been set up in N ortli 
Queensland to carry out laboratory testing wit1: O_oplo
lennes acinacifor1nis and to carry out prehmmary 
investigations on the maintenance of laboratory colonies 
of lllai;totetmes clarwiniensi-li. 

Field testing of timbers and preserrati\·c treatment~ 
ill co-operation with the D ivision of Forest P roducts 
has continued and the twenty-first annual report on 
the condition of samples in the Intemational TerDLitc 
E xposure Tests has been prepared and forwarded to 
2.Iadison, United States of America. All the abore 
tests ure being carried out wi tl1 N . e.1:·itioi;us and U. 
laclevs. During the past year scout tests have been 
installed in tl1c RiYerina in an on<lea,·011r to locate 
test sites for other species such ns Rhinolermes and 
Ooptotermes frenchi. 

The thfrcl annual examination of the soil poisoning 
tests installed around mounds of N. exilios1ts showed 
that creosote and 5 per cent. pentachlorphenol (both 
used at tho rate of 0.5 gal.jcu. ft. soil) bavo gi1"c11 
complete protection for three years; 5 per cent. sodium 
pentachlorphenate and 10 per cent. sod i1w1 arsen-itc 
(both at 0.5 gal./cu. ft.) lrnve both given complete 
protection for two years; G per cent. DDT at O.G 
gal./cu. ft. has given complete protection for one year ; 
lead arsenate nnd white arsen ic both nt tlie rate of 
-i oz.jcu. ft. soil failed to giYc complete protectio11 
for one year. During the past year, similar tests of 
<' reosote, 5 per cent. pentaohlorphenol, ancl 5 pHr rc111. 
DDT wel'C installed around mounds of C. lncfeus 

A successful method of carrying out field tests of 
building boards has been developed, by means of whit:!1 
such boards cun be exposed to severe termite hazard 
aud, at the same time, protected from exposul'c lo 
snnshine, rainfall, and .soil moisture. 

Approximately 70 series of termites ltaYe been 
received for identification during the past year. Most 
of these were collected by an officer of this Divi~ion 
i n the Burdekin area, }forth Queeml:rncl, and they 
have provided additional distribution data fo r sevcrnl 
economic species. 

12. ARGEN'i'JNE ANT. 

(a)' Bcirr ier Spray JJJxzJeriinents.-The discornry of 
infestations of the Argentine ant (Irirlomynnex h1.miilis 
:Mayr.) i11 the Sydney metropolitan area in April, 1950, 
led to a co-operative pragranm1e of i111·cst.igations by 
ontomologi~ts of the New South Wales Departincni'. 
of .Agricul ture and thi s Organization. The climatic, 
conditions of Sydney are comp1nable witlt tl1osc of tl1<• 
n,nin infestations in Western Australia and permit' 
(·xperiments to be canied out orcr thC' grc:)tC'r part 
of the ve:.ir. 

feuces, foundations of houses and out-buildings, tr unks 
0!' trees, und the borders of all paths and garden beds 
were tl'eated. The effectireness ot each treatment wa;; 
assessed by comparing the activity of the ants befoi·e 
treatruent and at regular intervals after the insecticides 
\l"l'r e applied. The activity in each residential block 
1ras obtained by a system of ratings of the average 
Hum bcr of ants prcseut iu a known length of each 
trnil oucuning in "standard" positions iu the block. 
These rntings permitted the results to be treated 
statistically. 

T he Now South Wales experiments were begun i11 
late winter, late spr ing, mid summer, and autumn to 
gain information on any seasonal effect of treatment. 
'l'l1e first two experiments resulted in excellent control 
ol' the .'1.rgentine ant by a spray containing 2 per cent. 
chlordane, which was slightly superior to 2 per cent. 
1.JJJ'l'. Later exper iments showed that a mi..xed spray 
containing 1 per cent. chlordane and 1 per cent. DDT 
11· r, s corn parable in effect with the 2 per cent. chlordant:. 

Uompnrntive experi.ments at Shenton Park, Western 
. \ ustralia, confirmed the New South v;r ales results and 
~prays containing 2 per cent. chlordane, or 1 per cent. 
tlilol'Clane and l per cent. DDT, ,rere again 
tlic most effectirc treatments. An infested area 
bounded by four streets and containing nine 
houses aucl a bakery was trnated with 2 per cent. 
<;!tlordaut: which resulted in almost complete control. 
The effectiveness of the treatments was reduced by the 

. IJl"Coen<.:;! of ripe grapes in home gardens, which pre
l"eutod operators from making a tLorough treatment 
of vines and trellises. 

Tn tlie•e experiments a total a rea of more than 20 
aCl'<.:s wa<i tl'eatecl in New South Wales, while i11 
Wusten1 .\.ustralia the total exceeded ,, acres. 

'l'reatlllents of indiridual household blocks with 2 
per cent .. chlordane in both We~tern Australia aml 
"\t-11· South Wales resulted in con1plete control of tlt0, 
anf« but did not prevent rci11festatio11 by ants from 
:1djacPnt infest.eel areas. 

( b) JJa ils.-Inrcstigations into the deYclopment of 
11n impro,·ed bait. were contiuued at Liclcombe, New 
~out.Ji Wale$, and a method of cornpariug baits was 
d<•1·eloped. It was found tl1at the TJ.S.D .A. Argentiiw 
a1,t bait wns the most :1ttr11cti.Ye to t.hc ants and tlta1 
liaits containing sodium arsC'nite were significantly 
more :i ttrncti,·e than control baits ,vithout sodium 
:, rsenitc. Hai ts containing rhlordanc, DDT, toxaphenr, 
1111(] cliel clrin att1·:1ctecl few ants. 

13. On1mt I:r-nsTIG.ATIONs. 

Threue experiments were carriecl out at Lidco111be. 
New South Walfls, nnd the work was extended to 
Western Australia in February, 1951, to c011firm tl1t• 
results of the New South Wales i1H"estiga tions 1mdc1· 
tlic dry summer conditions there. The investigations 
in Westem Australia were carried out in ro-oprration 
with officers of t.he State Depar tment of .\ gricult111·r 
and. Depnrtment of Public Health . Foll01,·inp: the~r 
inYestigation;; an isolated infestation, 9½ Mrcs in n1·ca . 
at Lidcoml)e was treatr.d in April, 1051, with 2 pN · 
cent. chlo1·da11e spray in an attempt to cri'tdicatc tlw 
.Arg:entine ant from this areu. 

The insecticides were Applied with the object of 
crcatino·. barriers of insecticide between encl1 honse 
nnrl th~ ltr<'n ontsid<' the residential block. Kerbs, 

( n) ()1tlerpillars of Pc1stu1·es a,nd F,ielcl Crops.
From time to t ime caterpillar plagues damage pastures 
and field crops in mai1y parts of tl1e Commonwealth. 
801nc species, such ns H eliothis annigera, are well
known pests and have rcccirnd t.l1e nttention of ent<1-
111ologist;; in most Stat.es, but t.here 1•ema ins /\ rnsiduum 
11[' spcc·ies usually grouped under such general names 
,:., "-c·utwonn.,; ", "army 1,·01·ms ", "webworms '1, &c., 
1il,011t \\"liid1 our knowledge is far from adequate. ,\ 
~rutl:y ,,f tl1esc i111portnnt caterpillar pests has recent1;· 
licrn b(,gun, a11d i t is l1oped thnt the i11formati011 
g-ained abont their identity, tlistribntion, ecology, and 
hnhi ts \\"ill lead to moro effectirn 111etl10cls of controlliHg 
nu fl,renki:. 

l>lll'ing the course of the red-legged eartl1 mite 
i 11 1·esti9:11 tio11s, sevcrn in fest a t i 011;: of the past1.il·p wcb
\\"ol'rn (Tnlis 7Jcr]iono111a ·Mayr.) occ111·1·ed in rnan.v nf 
!'lie experimental plots. Lo~scs of up to :'5 per cent. 
of the grass component and np to 51 pe1· cent. of the 
fota 1 yield of the pasture were ca.use<l. The reduction 
i11 vielrl amounted in some cases to 24 cwt. per acre. 
Tio~veYer, none of the D l)T-trcatccl plots suftercd 
dama~e :rnd it was shown tlrnt applirations of D[DT
~np<'rphosphate mixtm·P.s appl ied at t11c ratr of !JO lb. 
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of 0.25 per ceut. dust per acre during tile late sun~mcr 
mouths gave complete control for one season. Two 
per cent. DDT applied at the same rate gave protec
tion for two years. 

( b) Insect Pests of Stored Prod·uc_ls.-A.11 ofticcr h~s 
been appointed to continue the war-tilil~ ~vo1·~ ou grarn 
storage aud to investigate problems ansmg lll store<l
product 1;Jntomo1ogy generally. 

The initial period has been takeu up in ~L stu_dy of 
grain storage and haydling methods as practised m t~e 
liifferent States and m an assessmen t of the entomolog1-
e;al problems involved. As n result ~f this study, it io 
considered that un<le1·ground storage is well worth con
sideration and it is hoped that an experimental cha~ber 
will be constructed in order that detailed observat10ns 
may be carried out. 

Preliminary attention has ,been giY~n to the problc:ns 
facino- the 11our milling industry, wluch arc ueccssan ly 
relate

0

d to conditions found in the wheat industry be
cause manv insects enter the mills in the grain stream. 
l"seful co1{'troi' of insects i nfesting mills need 110t, how
e,·er wait on the elimination of insects from the grain. 

' In the hboratory cultures of many of the more 
conuuou stored-prod~ct pests have been cstabli~hecl in 
order that material may be avail::tble for expenmental 
work. 

(c) .llleat Anl.-(i) Oonlrol Wor/c.-Comparative 
tests with DDT and chlordane for the control of the 
meat ant (lr·idomyrmex detectu.s (Smith))_were m~de 
in February, 1951, near Canberra, .lustra1~an. Capital· 
Territory. -Spray treatments, aucl the apphcat1?n of a 
baud of 2 per cent. dust around the nests, were rncffec
tiYe. Dusts containing 2 per cent. DDT an<l 2 per cent. 
chlordane respectively, when blown into the entrance 
holes of nests at the rate of Joz. to each entrance bole, 
effectivelv controlled the ants. The DDT dust did not 
preYent ·ants from neigl1~uring colonies from_ re
occup_ying the treated nest sites, but t he chlordan_c chd so 
iu spite of repeated attempts. Four of th~ six nests 
treated with 2 per cent. chlordane d11cit we_re_ free of ant~ 
t.hree months after treatment. The remarnrng tll"o con
tained Ye1·y small colonies. 

(ii) Incivienl Colcmies.-Onc lnmdrcd incipient 
colonies, rnsul ting from a nuptial-flight in lfo rel~, 19_50, 
were rnal'kcd and some nests opened up for ex:nnrnat1011 
at 1Lpproximate1y u:i-011th\y inte~·vals . The c;;ca~at_ed 
females were coutarnecl m a srnglc ga Uery ,,J- o 1~1. 

deep, t.hc top of which was sealer] off. Eggs_ were laid 
within the :first four weeks, Janae appearnd rn No,·em
bcr and entrance holes were opened up in only two 
co1~nics in J anuary and F cbrnary, 1951 . ~\.t th i? t)mc 
the colonies contained up to 21 workt'rs and a s1m1lnr 
number of la r vae. The fact that the ants are still con
n11ed in the ground 'fourteen months after the female 
exc·an1tccl bet :first galler y proYides a vossiblc explana
tion for the apparcut failu rr. to control m~a_t ants from 
a gi-1-en area complete])'.. The few i·cmaimng marked 
c·olonies will be left until October, 1%1, before further 
examination is made. 

(cl) Ti111licr Rorc1·s.-Inrcstigations on the biolo~.r of 
Lycl11s br-u.nneus have beeti. concerned almost cut1rcl_y 
with the nuhitional r equirement:=: of the larvae. This 
work has shown that successful clevclopment can take 
r l ace on a diet in which the carbohydrate : protein rnti_o 
is 15 : 1 , and ns the normal ratio in wood is 3.3: J , this 
throws interesting new light on the nutrition of wood
boring insects. 

The technique of rearing the larvae on a synthetic 
food medinm i.~ now bcin.!!; used to investigate tht>. 
toxicity of various a lknloids whic~ appear to confrl" 
immunity to Lyctus attack on certarn tun hers. 

( e) Insecticidal Fonnulations.-Sorno_ prelimin~ry 
w01·k has been (lone over the past year with the oh](1ct 
of producing stal1le aqueous dispersions of DDT. The 
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sol vent property of chlordane for DDT has been utilized 
in this respect and th!} results have shown t~at the use 
of chlordane has several advantages. Without ~he 
application of heat, emulsions can be formed of_ particle 
size comparable with that ~f the most satis_factor_y 
p1·eparations at prese~t. available ~n~ the DDT 1s 
prevented from crystalhzmg and _settl!11g 01;1t_ of suspen
sion. Chlordane itself has a high rnsect1c1dal val~e, 
aud it can replace the solvents forme~·l;y necessa1:Y :n 
DDT emulsion concentrates. The tox:ic1ty of a hqu1d 
J JI) T-chlordnne residual deposit would be ex11ected to be 
higher than that of a dry crystalline deposit of DDT. 

(/) 8 asccpt·ibilily of H ousef~ies to DJJ'l'.~J.i str a/n ~f 
houseHy which had been bred m contact w1th ~Dr _by 
.J\lr. lJ. MaeJzcr, 0£ t1e Zoology D epart1:11ent, Umvers1ty 
of '\1/'esccru Australia, was compared with our standard 
(" Stoe;k ") laboratory strain and found t~ tolerate 
8- 10 times as much DDT as the "Stock" strain. 

When the "Stoe;k" strain was compared in suscepti
!Jil.i.ty with a strain developed from individua1_s collected 
i.J1 ('ueaubeyan approximatelv seven miles froru 

t , • (" ~IT"Jd ") Canberra it was found that the Queanbeyan n I 
:; trnin co~ld tolernte approximately 30 times as much 
DDT as tllc "Stock" strain. DDT has been used to a 
limited extent in the locality in which the progenitors 
of the Queanbcyan strain were collected. 

In an attempt to determine the reliability of 
the results of the tests with the "Stock" and "Wild" 
strains. another stTain of flies is being developed from 
individuals collected at Black Mountain, where it is 
assumed that DDT has not been used to any great 
extent. Comparisons of susceptibility will late r be 
ruade between the "Stock", "Wild", and "Black 
:\fountain" strains. 

(g) Slandard Common Names of lnsects.-In ento· 
mology, as in other :field~ of biology, sci~ntific names are 
tllliYersally used by specialists engaged m research work, 
so that they do not usually have any difficulty in identi
fying an insect by name. It is inevitable, however, 
that common names should be used by the layman, and 
it is equally inevitable that the same insect should be 
known by <liffcrent names in different places. 

_;:\ttempts to standardize such names have met wi~h 
considerable success in other fields, for example, in 

commercial timbers. Officers of this Division h ave been 
working fo l" some time 011 the preparation of a list 
of standard colll.lllou names of insects and allied forms 
occurring in Australia and have cir culated it through
out .lustralin and overseas for comment and criticism. 
.\ftcr cousi<lcl"ing all the comments received, the inter
di 1·isio11nl committee responsible for this projcr·t pTo
parecl a third draft list, which 'Was presented to the 
. \ ustr:ilian and New Zealand Association fo r the 
:'1.dnncement of Science meeting in Brisbane in May, 
19:il, with a view to i ts approval by a represeutatiYe 
gathering- of Australian entomologists and subsequent 
publicatioll at an early da te. 

14. TAXONOl\!Y. 

Taxonomic work on various groups of insects has 
been continued by specialists both within the Division 
11 11d elsewhere. 

The specialist 1rorking in Melbourne on a gra11t from 
the Organization has completed the first part of a 
monograph on the Australian ants and this is now iu the 
p1·cs~. The revision of the Austrnlian loc11sts aud 
g-1·asshoppcrs is being continued by a United States 
authority on thi,, [{l'Oup. · 

_The Di12tera (flies) of Australia al"e being examined 
with particulnr reference to the blowfly o-roups and 
many of the parasitic flies which are impo~·tant bene
ficial. ins_ects. The main groups at present under 
rxamrnat1on nro the T11rhi11id11e, Nemestrinidae, 
Calliphoridae, and Apiocerida.e. The examination of 
the Chn1cidoidae, a grou r, of important parasitic wasps, 
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is a lono·-term project and must continue for wany years 
liefore the group can be satisfactorily revised. A v_ast 
quantity of Ohalcid material has been collected dunng 
the last 12 months, principally from the Burdekin area 
of North (~ueensland and from Tasmania. Attention 
ha.; also been given to other families of predaceous and 
parasitic wasvs. Studies are continuing _on the A:us
traliau Tortricid,w, a n,oth fo1111ly wlllch contam-; 
several pests, and on various groups of the Hemiptern 
(bugs) . Taxonomic work is also being <lone on the 
Bluttiduc (cockroaches) of .t.\ustralia. 

Many additions have been made to the Division's 
collection during the year. .LlS mentioned above, fai1·ly · 
extensive collections were made in the Burdekin area, 
North (~ucensland, and another collection was made 
in Tasmania. ldentincations of insect specimens have 
been made for institutions and individuals throughout 
Australia, together with sowe from New Zealand and 
the .Pacific lslands, and other places overseas. S0U1c 
important problems have arisen in connexiou with tLc 
quarantine of timber from overseas, and tLe Division 
has assisted the Department of Health by obtaining in
formation about the insects concerned and their 
treatment. 

X. WILD LIFE. 
1. G ENERAL. 

Tht> "Wildlife Section was establisLecl in 1949 to 
undertake im·estigations of mammals and birds, native 
or introduced, of economic importance. It was under
stood t.hat, at :first, attention should be concentrated 
011 the rabbit, the iru portance of w hie!t to Australia' s 
rural production and economy needs no emphasizing. 
An account of the progress of t he rabbit investigations 
will be found in Section 2. . 

In the geueral field of wild life research falls the 
stndy of mutton birds which lins for some years formed 
purt of the programme of the DiYision of Fisberie~, 
and which is discussed in Section 3 below. 

2. R.\U1HT JN\'BSTIUATJOJ!;S. 

(a) .1.lly :i:omatosis.--The work on the Yil'Us disease, 
myxomatosis, has been given priority in the Section's 
programme. The nrst field tr ial, begun at Gunbowcr, 
Victoria, early in 1950, was followed up by a series 
of six somewhat smaller trials in localities further 
up the Murray, i.e. near Rutherglen in Victoria aud 
Corowa and Albury in J.'fow South Wales. With tl te 
partial exceptioll of tile trial at Wymab near ..Albury, 
wl1ere one or two warrens on the experimental site 
were substantially depopulated, the results of all these 
trials confirmed the conclusion from earlier work, 
carried out. by tho D.ivision of Animal Health aucl 
Production, that tl1e disease could not he expected to 
spread effectively without the assistance of bl-0ou
s11cking insects. 

Pos.~ible insect vectors, particularly wo~quitoes, 
were kept under close observation during the trial6, 
and in December, 1950, i t became apparent that they 
harl suddenly assumed an active and effectil'e rolP.. 
The result mis the rapid <le,·elopment of a widespread 
epizootic, in the course of wl1ich the in fcction was 
canied to, and spread along, practically c1·ery rirnr 
system in New South Wales west of the Dil-icle, into 
northern Victoria, southern a url sou tl1-western Q11e('•1;.

lnnd, and into South .A.u~tralia as far as the Lake 
F,yro region and Eyre's Peninsula . The efforts of 
State Departments and to a lesser extent of individual 
landholde rs resulted in the introduction of the infection 
to areas not reached by the natural spread, and thua 
it has also appeared in one or t.wo coastal areas. 
Although myxomatosis failed to rnake much headway 
in many of the districts affeeted and no significant 

reduction in the local rabbit populations was noticeable, 
Yery large numbers of rabbits were killed in some areas 
and many landholders received substantial benefit. 

During the course of the epizootic, investigations 
aud surveys were carried out by the ::lectio11's otticei'S 
in most of the main regions involved, and an attempt 
was made to assess the conditions favouring the de
relopment of high local infection and mortality rated, 
a sound understanding of which is necessary before 
it will be possible to exploit the virus to maximum 
a<lvautage as a weapon of control. Valuable assistance 
was giYeu in this work by the State authorities con
cerned with vermin control. 

Special attention was given to the insect vector 
aspect, and it was possible to demonstrate that the 
111ght-biting mosquito, Oulex annulirostris, was the prin
cipal vector along the Murray main stream, and that 
in one locali ty a species of /:fonul-ium played a part 
in the transmission of the disease. Uircum.stantial 
evideuce pointed to sand:flies as probable vectors in 
one region. Iu general it was found that the distribu
tion and intensity of the disease were correlated with 
the known or presumed prevalence of water-breeding, 
blood-sucking insects. Thus except in the regions that 
had suffered widespread flooding ( e.g. areas watered 
by the Lachlan and the upper tributaries of the 
Darling), the infection tended to be confined to narro,v 
strips of land bordering rivers and swamps. 

(b) Basic Ecological St.udies.-A.lthough the inveati
gations under this head, and also ( c) and ( d) below, 
had to be drastically curtailed in favour of the myxo
matosis work, some useful information has been ob
tained 011 rabbit behaviour, breeding rates, feeding 
habits, faecal refection, natural controls, parasites, 
etc. .tl. short study of the effect on a rabbit population 
of predation by the Little Eagle (Hieraiietus morph
no,ides) is at present in the press. During field surveys 
carried out in connexion with the myxomatosis epi-. 
zootic, data on the regional aspects of the rabbit 
problem were collected. 

The work falling under this heading is regarded 
as one of the most important features of the Section's 
programme, and the field station recently established 
at Albury is intended primarily to facilitate these long
tP.rm stndies. 

( c) Poisons ancl Poisoning.-A laboratory assess
ment bas been made of the relative toxicities and 
acceptability of most of the poisons now in use, togeth.:r 
witb some not hitherto employed for 1·a bbit control. 
Of the latter, the only material showing promise is 
sodiulll fluoracetate (" 1080 "). It was found that 
this poison could be successfully incorporated into 
standard baits such as thistle root, canot, and boiled 
oats, and preliminary field trials indicated that it had 
some ad \·antnges over strychnine. It is less costly and 
it;s greater acceptability may enable free-feeding to 
be dispensed with, although this practice appeal'S to 
ha Ye disti11ct advantages. 

Some attention was given to two recently deYelope<l 
toxic materials in thP. orgauo-phosphate grou11, 
p1:iniar ily \l'.ith the idea of dcvr~loping haits whc,se 
dangerous "life " could be limit(ld. These. we1·e 
"Hexone ", containing hexaethyl-tetraphosphate and 
tdraetbyl-pyrophosphate, and "Folidol ", eontaining 
parathion. It was found that the former probably 
hydrolysed too rapidly to be of much practical use, 
while the latter seemed to h ave a11 extremely low 
acceptability. 

(d) F111nigation.- Intensive inquiries haYe failed 
to discover any material likely to have a significant 
advantage ove~ the fumigants already in use and 
attention has, the ref ore, been concentrated on the 
possibility of improving tbe efficiency of application 
of standard fumigants, of which chloropicrin seems 
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t~ be by far the most promising from this point of 
view. With the co-operation of the Organization':; 
Centml Experimental Workshops, a unit has been 
designed and built for blowing a chloropicriu-oil aerosol 
into and through rabbit warrens. Preliminary triuls 
have yielded very encouraging results. 

3. MUTTON Bmns. 

'l'he joint field imrestigations on the Tasmanian 
mutton bird (Picffi1~1ts le1111ii,rostris) in the Furneaux 
Island region by the Organization and the Tasmanian 
Fauna Board have been continued. Two periods of 
field work are conducted each season in order to obtain 
data on longevity, homing, dispersal, and other aspects 
of the biology ,of the species. l!'ishcr Island, a small 
sanctuary islet near Lady Barron, is used as a research 
island. There arc three rookeries 011 it, and during 
the 1950-51 season they totalled 145 breeding pairs. 
During the field work in November-December, at the 
egg-laying period, an endeavour is made to ring as 
many of the adult birds as possible, and this year !JO 
pel' cent. were caught and so marked. Of these, 21 
per cent. were birds which had returned to the island 
for the fourth successive season since being marked. 
This is a minimum figure as an unknown number of 
birds had lost their original copper rings before being 
ringed with the more durable monel metal rings now 
in use. So far no bird ringed as a fledgling during 
the present investigations has retumed to Fisher Island 
to breed. 

Before the opening of the commercial birding season 
on 23rd March the field party ringed 1,868 young birds 
on the commercial islands. On the basis of tlie mnnber 
of rings teturned by the birders at the end of tb<:! 
commercial season the proportion of young birJs 
actually taken, out of the presumed total nvuilablc, 
wns as follows, the corresponding figures for 1949 
(the last complete year) beiug given in brackets : Great 
Dog I sland, 54 (62) per cent. ; Little Dog I sland, 
55 (71) per cent. ; Little Green I sland, 51 (6'7) per 
cent .; Babel Island, 30 ( 41) per cent. In conjuuctio11 
with the conUJ1crcial statistics these data will allo,Y 
1111 appl'Oximate estimate to be made of t he population.-; 
of the various ishrnds. To improYe the existing stati r
li~D l system for this purpose a new method of reportiu~ 
catches, with fuller details of the operatives engaged 
in the industry, was instituted dul'i11g the year. In 
the season u11cler review 445,556 birds were taken 011 

the islands, which, with their various by-products sucl1 
as oil and feathers, were Yalued at .£:W,000 to the 
producers. The total production for 1949 was 441,071 
birds. 

The mortality counts on Oronulla Beach, New South 
ViTales, were continued during the l ast quarter of 19:'50, 
and for the eighth successive year a low mortality 
\\·ns found. The last severe mc:-t::11ity among the south
ward moving stream of migrating birds alona- the east 
Australian coast took plnce in 1942, after n° series of 
more or less heavy mortnlity years. The only year 
when this mortality wns of sufficient sc,1crity to extend 
to the breeding grounds in Tasmanin wa~ 1!)34 when 
dead birds of the species were found ·washed ' np as 
far afield as Ste"·art Island in N ew Zealand. The 
cause appears to be starvation and some correlation 
lrns been found wit;h tu11a abnnclancc at this senson. 
Usuolly poor southern bluefin years appear to coincide 
witb years of heavy mutton bird mortality. 

.XI. FISHERIES. 
1. GENERAL. 

lilvestigations related to the exploitation and develop
ment of Australia's marine resources are canied 011 by 
the Divisio11 of ·f<'i~l1c1·ies, whinh has it~ head-qnarters 

at Uronulla, New South Wales. Work on the preser
vation of fish is undertaken by the Division of Food 
Preservation and Transport ( see Chapter XII., 
Section 6) . · 

Di1Ji11ion of Pisheries.-1'he work of the Division of 
Fisheries is reported in the remainder of this Chapter. 

D u1-ing the year the Division's work at sea has been 
done from three research vessels operating full time 
on oceanographical and biological work. It is planned 
to extend the oceanogrn.phical work of the D ivision and 
for tbis purpose preliminary plans were prepared 
d11ring tbc year for an approxirn:1tely 1·7:3-ft: oceano
graphical research vessel to be constructed m Great 
Britain. 

The Division's work at Dumvich Field Station, 
~tradbroke Island, south Queensland, has been directed 
towards investigating the distributiou and movements of 
mullet in the estuarine and river phases of their life 
l1istory; the development of the oyster industry in 
Queensland; observations on the distribution of JJrawns; 
and, latterly, the investigation of an epidemic among 
oy:;tcrs in southern Moreton Bay and preliminary work 
on lagoon fish farming. Hydrological data are collected 
concunently with all these investigations. The 
facilities of the station have been increased by the 
addition of a 35-ft. launch and a large net dinghy. 

The laboratory at Thursday Island, Torres Strait, 
bas been equipped, and study of plankton and the 
biological study of pearl oysLers have made progress. 
A 45-ft. ketch has been purchased and is being fitted 
:mt as a pearling lugger to facilitate the study and 
collection of pearl shell in the area. 

2. OrER.t1.TIONS 01,' RESEARCH VESSELS. 

(ci) .F.R.V. Warreen.-The F.R.V. Warreen has, in 
\V cstern Australian waters, maintained the Rottnest 
offshore traverse during the year, and a similar traverse 
was again accomplished, after a long delay, off Albany. 
The latter par t of 1950 was devoted to experimenting 
,1·ith long-line methods of catching tuna ancl making 
n sea rcl1 for small pelagic fish in the neighbourhood of 
Gerald ton. No success was achiernd and trolling 
indicated comparatively few tuna in the area. 

.\. t the beginning of 1951 the ship was equipped witl1 
a modern echosounder nnd a Comish style ring-net. 
With these iustruments the biology and methods of 
c·apture of pilchards were studied for four months along 
the south coast of Westem Australia. This work has 
pl'Onicl conclusively that pelagic fish shoals can be 
detected in Australian waters by means of a suitable 
L'C·h0sotw.,ler n11d that shoals of the Austrnlian pilcbal'd 
will g ive a form of trace comparable to that obtained 
from shoals of, for example, the Cornish pilchard. 
Otber less definite forms of trace may also be obtained 
frou1 pilcha,·ds, but these and the forms of trace given 
by other species of shoaling fish require considerable 
investigation. 

_\]though catches of up to four tons of pilchards per 
bnul were taken with it, the Cornish ring-net does not 
,ecm to be the most efficient form of net for this fishery. 
F11l.'ther, the evidence so for obtained from the echo
s~nnder i11Clicatc? (as has long been suspected) that the 
pi I chard shoals m the waters studied a re neither large 
nor dense and are layered rather than in massive 
rc~·tiral concentrations. They each contain at most onl.v 
fl icw tons, but are at times undoubtedly numerous and 
wiclespread. 

11uring the course of these investio-ations bluefin tuna 
0 ' 11·e1·? encountered on several occasions in extensive 

bodies. No echosounder tr:tco attributable to these 
fis_h has so far been obtained, although a number of 
fnga!e mackerel (A:i,ixis thazard) were obtained on one 
0Mas1on when the rmg-net was shot on the evidence of 
an cchosounder t race. 
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(b) E.KV. Derwent 1:lunter.-ln the early portion 
of the year F.R.V. Liciwenee made one cruise in Tas
manian waters. Her charter period was completed and 
she was returned to the Tasmanian Government in 
October. F .R.V. Derwent Iiimter, a powered wooden 
ketch of 71 feet, one of the newest and largest vessels in 
the Tasmanian fishing fleet, was purchased for the 
investigations of the Division in south-eastern waters. 
She made four cruises in Victorian and Tasmanian 
11·aters L1uring the year and worke<l on banaconta, 
Fh:nk, and deep-sea fish. 

Experiments in long-line fishing have been made at 
depth~ between 200 and 400 fathoms on the edge of the 
continental shelf, in waters which have probably never 
before been fished . Particular attention was paid to 
the western end of Bass Strait. Some of these hauls 
_yielded results of great interest aud commercial p romise. 
The deep-sea trevally ( n ·yvero_qlyphc porosa), generally 
cono:iclered a rarity, was taken in fair quan tities. Other 
species obtained were tbe hapnku (Polyprion 
oxy_r;eneios) , which is a valuable -fish in New Zealand, 
and a cod (1lfora) which is probably a new species. 
Large prawns wore aho taken by trapping at these 
depths. 

(c) F.RV. Stanley F'owler.- Dnring the year the 
F.R.V. Stanley Fowler has investigated the occurrence 
of tuna in south-easter n waters, trolling from N cwcastlc 
to Gabo Islnnd, extensively in Tasmanian waters, from 

· Hobar t to Sydney, and from Brisbane to Eden. The 
investigation nune<l particnlnl'ly at pl otting the distl'i
bution of southern blue-fin tuna and striped tuna in the 
area. Surface temperatures were taken at half-hourly 
interv11ls while the ship was steaming, and trnverses 
n p to 4-0 miles off shore using tl1e hathythcrrnograph 
were made off ,Terv_is Bay, Bateman'1, Bay. Bermagu i. 
nncl Eden. 

(d) JvLV. Tlillaret.-For six weeks in August and 
Se1)tembel' n, smTey to inve,-,tignte crayfish potentialities 
in the archipelago,; lying north-eastwards from North
wcst Cape, Wester n Australia, to the Montebello 1s1ands 
and Sholl and Fortescue Islands, was made in the 
chartered, refrigerated M .V . Tlillnref. Although oYer 
1,600 specirnrns of tlrn crnyfi.sh Pamtl-irus ve.rsicolor 
were taken nnd reasonably la rp;e populations of this 
species were found in parts of the ar ea, it was amply 
demonstrated that tlie method~ employed for the captmc 
of P . lonqipes in more southerly wnters were innpp1ic
nble to the nort.hern specie~. Consi<lernble additions to 
knowledge of thn hiolor.y 0f P. i,ersicoloi· were nrndf'. 

Tlie cruise also indicated t.l1nt the areas visited. wl1icl1 
are at nrf'•rnt unexploited, are rnpabl£' of sunporting 
limi ted fisheries based on netting mullets. leatl1erski.ns, 
darts._ and 11orth-west salmon. aiul nossibl_y on trolling 
Spamsl, mackerel and sea-pike. The results wn1Tnnt 
furtl1_e1· _work in the area, nnd the fosterinl!; of eorn
mercrnl_ rnterest. It will, however. be nercssa.ry to evolvr 
an efficient method of tra1)ni11_g the in<li!!enon~ rrnyfish 
before t.he.v can he exploitecl commrrrially. 

3. S1sA FrsHmm:s. 

( a) Bm·racoida.-Previous work on barr nrontn 
which is still one -of tl,e 1:wo mo~t. important species i1~ 
tbe AustrnJinn comme,·cia1 catch, l1as sl,nwn it to lie 
nuder-exploited . Althongh sunn1:v often exceerls 
demnnd, the reverse applies in certain year~. especiallv 
in Tasmn11ia, wherP. (became of the existence of 
r11m1eries) 1-here is still a. good marht fo1· tl1e species. 
Furthermore, there i~ in everv l ocalitv nn off season 
when barmcouta are scarre. ·It would be vn.1uab1e to 
find ont whrre tlie fish P."O in the off Reason and to know 
tlie "am:,es of ,scarcity in bad yeArs. 

T l1e work in the nast two And II half vears ha.fl sl1mvn 
that tl10. fishinp- season fol' lrnrracouta · at anv localitv 
is broa<llY tl,e spawning season of t.he speci~s in th;t 
area. These seasons va~·y from place to p lace. Most 

individuals reach 1Sexual maturity at 50-60 cm. of fork 
length. Barracouta also feed duril1g these seasons, but 
never become fat. In the off season they p robably move 
i.n search of food, and it is possible that at that stage, 
when the gonads a.re resting, the barracouta are fatter 
drnn at any other time. In South Africa, where 
observations on this species were recently made by an 
officer of the Division, the specimens caught at the 
spawning season resemble those marketed in Australia, 
whereas those caught some months earlier are nearly 
twice as fat and correspondingly more valuable. It is 
now proposed to stucl_y the regional and seasonal distri
bution of the main organisms eaten by barracouta in 
. \ ustralia, in order to obtain an indication of barracouta 
distribution in the off season. In the search echo
-~ounders and special fishing gear will be used . 

Tl10re are indications that several populations of 
ha rracouta exist in tbe area of the fishery, and that auy 
migrations are of the order of hundreds rather than 
thousands of miles. There is unlikely to be much 
intermingling between the winter-spawning barracouta 
of eastern Victor ia and New South Wales and the 
~ummer-spa wning fish of western Victoria and Tas
mania. Length-frequency data from canneries ( from 
about 50,000 fish) also indicate thA existence of at least 
two stocks (north-western and south-eastern) in Tas
mnnian waters. The attempt to obtain direct evidence 
h_y tagging has not so far been ,;-ery successful, only 
~ix tags having been returned out of oYer 4,000 relea,sed. 
One of these tagged fish had crossed Bass Strait, but the 
ot.l1er fo·e were recaptured close to the tagging area. 
'!'here is m·idence of shedding of tags, and new types of 
tngs (including the Osl o hydrostatic type) _are now 
heing used. 

(b) School Sharl;-.-The recoveries from the tagging 
of over 1,000 adult sharks at sea have given valuable 
information on the stocks of school sharks in the south
eastern Australian area. The stock is a homogeneous 
one extending from South Australia through Bass 
Strait to the V ictorian and Tasmanian areas. Further 
work is required to determine the growth rate and 
migration of the adul ts, but the investigation has now 
reached a point where results can be prepared for 
publication and conservation al measures recommended 
for this fishery. 

(c) Tuna.-In Western Australia the Warreen made 
no contact with tuna during the latter half of 1950 but 
in 1951, during the pilchard work on the sonth coast of 
W esteru Australia, interesting tuna data were forth
cominp:. :From prm•ions observations no great concen
trations of southern hlnefin were deduced to occur in 
this sr rtion, the nerinl observations confirming the 
1·r.•11lts of tro11i.ng. Ho,\"ever, dur ing the current cruise 
of the Warreen (No. 38) a fair quanti ty of tuna has 
hr.en caught by trolling. Fnrtbermoro, instead of the 
ratrlws being con£nccl, as in p revious seasons, to first
and :o;econd-yenr fi:;h (i.e. fish of less than 10-12 lb. 
inrliYirluRl weight) , there were appreciable numbers 
also of larger tunR (three-year-old and even four-year
old fish), though the last-mentioned were onlv occa
!tionnlly oaugl,t. The largest fish taken weighed 27 lb. 
Tl1e two sm a 11Pst. size-groups ( i.e. the re~ulnrl y occur
r u1g groups) had a somewhat lesser size raiure than 
hns hern the nilA in former years. One fish of the first
year group was th e smallrst so far taken in Australian 
w~ tcrs. 

Another feature of the unusual tuna conditions on the 
~out.11 const of Western Australia was the capture of 
striped tuna off Albany for the first time in these 
1·ecorrls. The previously 1.,1owi1 southern limit was the 
Abro1hos. The fri1rnte mackerel also was taken on the 
son th con st for the' first time. 

I n eaBtern Australia t.nna investigations from the 
F .R.V. Stanlmt Fowler were concentrnted narticularly 
on southern bluefin and striped tuna. The 1950-5) 
~eason for !10utbem bluefin was a poor one. In 1949-50 
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good catches were made by fishermen trolling on the 
New South Wales coast, but this year even M.V. 
Senibua, an American tuna clipper equipped for live
bait and pole fishing, took only a few small catches, 
amounting to 244,953 lb. of southern bluefin. In 
HJ4!>-:i0, southern bluefin occmred in the Bermagni
Edcn a.rca during September and November but this 
year, owing to an earlier and stronger intrusion of 
tropical waters from the north, migrations were affected 
so that the northern migration to N cw South Wales 
waters was very protracted and occurred in July. 
Southern bluefin appeared in Tasmanian waters in 
October and November. Fishermen in the Fortescue 
Bay area of Tasmania caught a few fisl1 close i11shore, 
but these. were apparently stragglers from the main 
sd100Js which moved further south. It is also interest
ing to note that the specimens were large (130-150 lb.) 
ancl were caught as late as May. 

As water temperature observations were regularly 
taken by bathythcrmogi·aph, it was possible to observe 
a definite correlation between sea temperatures alld 
tuna occurrence. Southem bluefin prefer a tempera
ture around 18° C. 

The 1950-51 season for striped turni was favorable 
in south-eastern Australia. This species is not subject 
to tl1e fluctuations in abundance so common in southern 
blue:fin. The exceptional sea temperatures of the past 
season also affected the occurrence and migration of 
this species. T he bathythermograph traverses indicated 
well-clefined temperatui-e bands in coastal waters. 
Striped tuna prefer a temperatme between 16.5 and 
19.0° 0 ., and it was found that they move in the band 
of water most closely approximating this temperature. 

Fi3hing methods used during the investigation 
included trolling and long lining. The long-lining 
experiments were unsuccessful , but the tests were not 
considered exhaustive. Several types of jig ,vere tried 
in trolling and the plain polished aluminium .iig was 
found most satisfactory. It was concluded that a 
two-man boat could take a paying ratch in a good tuna 
season such as that of 1949-50, but in a poor year sncl1 
as 1950-51 it would be economically hazardous for the 
fisherman. Striped tuna can be readily hooked but tl1e 
weakness of the jaw means that only about one fish is 
lnnded of every four hooked. It is unfortuate that the 
American tuna rlipper M.V. Senibna. which was experi
menting in Australian waters last season with the live
bait pole-fishing method, should have chosen a poor 
year for southern bluefin and could not remain to try 
out the method on striped tuna in Ta,smania. As a 
resn1t of previous work by this Division, it was shown 
that not only is the striped tuna more plentiful than 
blnefin tuna, but also it can re11di1y he taken by the 
live-bait method of pole fishing. 

The tuna results of past years are now being prepared 
for publiration. 

(d) Pilchards.-The oil content of the pil chard is 
a matter of great commercial si~ificance in the large 
pil chard oil industries of North America and South 
Africa. It has been repeatedly shown in Australia that 
the season at which pilchards are most easily found ru1d 
caught in any locality is that at which they spawn and 
at which their oil content is consequently very low 
(le.,:s tba.n 5 per cent. of tho fish weight). 

It has aho been predicted that pilcha1·ds tnken at. 
other times of the year would tend to be fatter. At. 
King George's Sound, Western Austr.alia. pifohard~ 
are most conspicuous and easily cau!!h t in May and 
enr1y J nne. However, tbe samples obtained in this area 
in April, 1951, were richer in oil; tho percentages 
ranged from 5.7 to 8.6, the higher values being obtained 
in the £rst half of tbe month. 

Even such fish as these probably would barely repa:v 
the cost of oil extraction, as the average oil content of 
similar fish so treated overseas i-s about 9 or 10 per cent. 

fiowever the trend of the figures suggests that still 
higher p~rcentages ·would be found ~ pil~bards_ taken 
in earlier months and the matter will be mvest1gated. 
The main difficulty is to locate the pilchards in reason
a hle quantities except at the spawning seasons, as ~he_y 
nppea 1· to lenve the surface waters. However, 1t ts 
ltopcd to discover them by systematic cchosounding. 

(e) Australian Salmon.-Considerable attention has 
been paid to the nature of the salmon :fishery on the 
,·onstline of south-western Victoria and South Au.atralia. 
The south-western area of Victoria fails to support a 
rcgulnr salmon fishery. Fish of 2-3 lb. in weight are 
often tuken, but their appearance from year to year 
is entirely sporadic. The greatest quantiti?s of salmon 
appear iu the summer months, though occasional catches 
are made in winter. At no locality are fish greater than 
:1-4 lb. netted, although occasionally larger salmon are 
I a.ken by anglers. There are numerous reports of large 
schools of such salmon being sighted at distances 8-10 
n1iles from the shore. However, in South Australian 
waters salmon appear to be present throughout the year. 
The main catches are made during the summer months, 
when an inshore movement occurs. The two main fish
ing a reas are neal' Port Noarlunga, south of Adelaide, 
11nd between Port Lincoln and Ccduna in the western 
01·eu. Apparently all sizes from 3 to 10 lb. are avail
ahle, but the larger fish are not popular in the market 
or the Port Lincoln cannery. 

The occurrence of lllrgc salmon (5-10 lb.) in South . 
Australian waters suggests that these obviously matme 
fish must have a spawning area somewhere ,vithin the 
Bight, as it is difficult to envisage an annual spawning 
movemrnt ~o far afield as to the south-western corner 
of Western Australia, where it is dennitely known 
spawning does occur. · 

R acial studies have been confined· to the western sub
species of salmon, comprising those from Tasmania. 
South Australia, and Western Australia. No racial 
difference bas yet been found between fish from these 
States, although a comparison of gill-rakers, fin-rays, 
sca1e counts. and body proportiolls has been made. 

Experiments were carried out with val'ious types of 
tags. It was proved that disk tags, though giving a 
satisfactory retum, were too rlifficult to attach under 
Western Australian fi~hing conditions. The internal 
tag w11s compared with the opercula r tag in experiments 
at Ohe;yne Beach, Parry's I11let, and Hamelin Bay. At 
Cheyne Beach 46 per cent. of 127 opercular tags and 
64 per cent. of 118 internal tags were recovered. At 
Parry's Iii let 40 per cent. of 85 opercula.r ta<>'S and 10 
ne1· cent. of 51 ~ntemal tags were recovered. At Cheyne 
Bra ob the tagging was done wben salmon were actively 
feediu~ and before they commenced the usual pre
sna wnm,9; movement. The fish remained i.n this area 
for_ a consid~ra.ble pe~·iod while the fishery was active, 
which expl~ms the h1.!!h percentage of recoveries. Of 
th; r e_cover1_e1<, seven fish travelled clistauces of 50-220 
1111 les m penocls of 10-49 days, a 11 in a westerly direction. 

. (f) R1cff (Arripis georgianus) .-The ruff is 
n:·tual_ly tmknown in eastern Australian -waters. 
V1rtoria _st~pports a small fishery . concentrated in the 
P ort Phillip Bav a1:ea and realizing about 1,000 lb. 
annual1~. Tn South _A;u~ti-alian waters the ruff is 
prP~ent m lar~e quant~trns all the year, providing an 
:1rt1ve fisher.v 111 th<' wrnte.r months during an inshore 
movemm1t. The fi sl1ery over a 11eriod of years has 
nrodnced from . 100,000 to :rno.ooo lb. annually. 
Westem Austrnha has. d~tring early winter, an active 
~shery b11 serl npon spawnmr courentrations. In 1949, 
a00.000 lb. were taken. 
. ~lie rnffs of al) Statt>R are bein~ 1<ubiectrd to a pre

l1111111nr:v populat1011 1111a1ysis to determine the useful
nc~s of vimous racial rharacters such as gi]1-rakers. 
fi11-ra:rc;, sr!l 1rs .. :lJ)rl hod:, propor tion~. 
· A. small prehrnmary tagging experiment was carried 

nut m Weste1·n Australia using 011eraulum clip-on ta.gs. 



71 

From 250 fish released, 5 per cent. were recaptured b;tt 
no movement.; were indicated. The use of a more suit
a blc tag "-ill be n ecessarY., the operculurn bein,g much 
too weak to support the clip-on tag for any considerable 
period. 

4. ESTUARINE FISH. 
(a ) Jl1ullet.-TLe sea mullet (Mugil clobula) pr_o

Yides about 40 per cent. of the total fi sh catch m 
Queensland and New South Wales. Storks have been 
"llbjectcd to i11tensive fishing, and are being studied with 
a ricw to tl1efr being sustaineq. . , 

'f'he ycar'i:: work !,as hreH eoncc:ntn1t(1d ou 1'11r frc:;u
water and estuarine phases of the life history. Mullet 
of the first two-year groups a re distributed all over the 
es tuaries aml up into fresh water. Tho older fish con
centrate in the fresh waters except during the spawning 
migrations, when they pass downstream and ?oncen
trnte in large schools in the estuaries before passmg ou t 
to sea 011 the spa.wning run. There are e~ccptions to 
tl1ese generaliza.tiorn;. Not all adult fish m1grn te ever~• 
year. Presumably spawning is not necc;:;sarily an 
annual affair. Also, small groups of adult fish can be 
found in the lower estuaries even during the non
migratory season and, with the size group immediately 
below the :first-spawning size, furnish the mullet catch 
during the non-migr atory season. 

Tairo-ino- of mullet has continned in hoth Western 
~o <> • } 

Australia and Qneenslnnd. A 11 fish returned durmg t 1c 
year were recaptured in tho same general 11rea where 
they we1·e tagged, the furthest travelled fish huving 
moved about 40 miles from one on<l of Mornton Bay to 
the other. 

(b) Fish Ji'a,1·min_q.-The permission of the National 
Park Trust has been ob tained to uso Ma ianhar 
(Cabbage Tree Creek) , opposite the C:ronulla labora
tory, as a fish farm. A preliminary contour survey 
of the area has been made. It is proposed to reconstruct 
the original fish gate and wall and to build one or more 
nnrsery ponrls inside. When tlie rrnlogy and hydrology 
of the lagoon are known, fish will be introduced in an 
endeavour to sliow whether the large number of similar 
lagoons can he profitably converted into fi sh farms and 
so increase the existing yield of mullet, whit ing, brenm, 
and blackfisb. 

Preliminary work hns cornmeneed on nn experimental 
fish farming experiment on a brackish watel' lagoon on 
Moreton Tsland near tlie Dunwich (Queenslnnd ) 
lnboratory. The lagoon was cleared of over 200 boxes 
of fish. most.ly mullet and whitin/1:, and it is intended to 
r!'stock wi.tl1 small mullet under "natural" eonditions. 
Later the la/1:00n will be fertil ized to compare growth 
rates of mullet under tlie resulting conditions and to 
assess the possibility of nsing tbis type of fisb farmin,!!. 
whicb is common in t ropical countries, in Atrnt.ralin. 

ii. F1tF.snw ATER FrnHBRTF.S. 

(a) Tas1na.11!i'.an Whifelia.it.-The northern stock of 
this speriP.$ :t;JJWa r~ to have brPn deplet.P<l (se" Sr.com] 
Arurnal R eport) and at the request of th e Division 
a 11 fishing was prohibitrcl in tlie 1949 senson. The 
Division's recommendation that tl1e Ul50 ratch bP
rrstricted to 100 tons was not. ngreed to, but actuall~r 

· tl, is fil!:ure was not exceeded ber.aui::e thP wl1iteb:iit 
migrated upstream to spawn much ea rlirr than usnal , 
:rnd so l nrgP-ly escaped tl1e attentions of tl.~herm!'n. 

(b ) Trout Trr,vosti_Qn.tions (Tamw11ir1).-Thr st.nclv 
of the trout fish ery, base<l on tlrn return s of an!!;ler~• 
ratch es. n as bPrn continued. Good runs of both brow11 
.Rnrl rainbow tro11t were exnerien ced during the spawn
ii1g season~, and much villnable information 011 the.,e 
mntn re £,:11 wn~ co11erted, w'hile severnl lrnnrlred fish 
wrrc tagged. Rcc1mt spawning runs havr ~hown a 
"r,nsi c1rrahlr improvemr.nt in conrlition ovr1· last y0ar 
in bot.11 kinds of trout; and ret11rns of tnggerl :6s11 have 

beClll satisfactory. "With the prov1s1on of si1ital,!e 
equip ment it is intended to extend the surrey to inelude 
l he younger fish in rivers and lakes. 

( c) F-ish 1i'arrning.-Fundamental work in the stu<t.,. 
of the ecology of fish farming is proceeding satis
fact.orily. With the different methods of enrichment 
used this year, notieeable changes have taken place 
in the phyto- and zooplankton of Lake Dobson. The 
increase in plant life was such as to colour t he uormally 
rlcar water a disti1~ct green, which la;,ted for two or 
three mon ths. The animal population is being in
creased and natural shelter for invertebrate benthic 
fauna is developing rapidly. It is hoped that it may 
soon be pos~ible to stock the lake with fisli. 

Wit.h tlte co-operation of a landow11cr the application 
(,f this work to farmers' dams is now being studied. 

6. CnusTACEA AND SuELCPISH I~-rvESTIOATJo:Ns. 

(a) Cn,slacea.-(i) We.s/ern Jlustralia (Pa.nul1:rus 
loug'ipes) .- The range of the commereial species 
]-'rmulirus lougipes in W cstr.rn .Australia l1as now 
been determi11ed as extend ing from Cape Leeuwin in 
the south to North-west Cape in the north to a depth 
of about 45 fathoms. The range of maximum pop11la
tion dcnsitv lies between Garden I sland in the south 
and Point" Charles (Quobba Point) in the north. 
J aws lolandii, the southern crayfish, has been traced 
from Cape N aturalistc to Hopetoun in isolated occur
rc-nces. No commercial tests ha:re been made of the 
population density of this species in Western Ans
ti-alian waters. 

Panulirns rersicolor, the banded crayfish of the Indo
PRcific, wa-s found to or.cut sparsely in the region 
r,xtending from N0rth-west. Cape to the Montebello 
T,;lands and in reasonable conrentrat.ions from Mary 
Aune Passage to Sholl and Fortescue I slands. The 
crayfish could not be trapped by the normal type of 
hait.r,il craypot, but woul(l enter cans used as shelter 
pots. Numbers were colJectecl from reef areas, and 
fnrnishcrl an 11ttractive, easily-processed, frozen product 
of good flavour, with a high flesh weight recovery 
(40-42 per cent., d . P. lonqpives 32-34 per cent.) . ThtJ 

•
0 i7.e irrouping and population density at Fortescue 
1111cl Sholl I slands suggested that this area represented 
0nc mnl'gin of the area of maximum population density. 
~

1f11les of the species were moulting in July-Auguat. 
F emales were moulting, and showed the black sternal 
~pot of fertilization, in .August. Some females carrying 
P!!p:s wnre taken, also in August. 

Fu1-tl1er data on age gronpin_g, including spine
ro1tnt~. 11110 measurements of " white " crayfish known 
1·0 be in the first year of matur_ity, confirmed the 
rarlier fo1dings, based on the analysis of len~h and 
weight frequencies, that the age groups of Panulims 
lon_gives which are marketed represent th e late ~econrl, 
the third, and the fourth years from the puerilla 01· 
nat.ant. crayfish stage, a11d that this species matures 
in the third year from tlie 11atant stage. It was follnd 
11 lso that tbP. species yields its best return in tail weil!:ht 
11~ai11St total weight durin_g the third and fourth years 
from the natant stage, and that the present minimum 
lei;al carapace length of 2¾ inehrs protects the maiority 
of the crayfish 011 lv to the end of the second vear 
from this ~tage. I i does not thus en sure either 'that 
thr lirst weight of flesh is obta ined from a given total 
weid1t of processed crayfi sh, or that the species is 
JH'Otecte<l from capture during thE' first year of 
matnrit .. v. About. lrn,lf of t11is agr gronp wo11lrl be 
motrrted with a minim11m lE'1ral c11ranace leno-th of 
~ i11r.hN, and about three-quarters with a mmumnn 
fol!A l length of 3-} inehP.s. 

Dnring: tl1e six :vear!, from 194-3 to 19!\0, the ('"".,...""""
r.ia l catch of P. lon.r,iries has increased from 763.996 
to 7.007.000 lh. The greater part of thn inrreai>e ha~ 
rrsn Heel from the exploitation of accumulated stock 
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011 newly-worked coastal reef nrer1s, sorne of whicl1 
huvc been discovered during the s un·cy work of tliis 
Division. The Western Australirm Government ha;; 
follo\\'ed the advice of the Division in many measures 
aimed at the. rational exploit.ation of the craynsh 
populations. The majority of the fishermen and ])l'0-
cessors co-operate in the observance of these measures. 

The Abrolhos cra.yfishery occurs in an area whicl1 
i;; considerably overcrowded with fishermen but for 
various reasons the Divisional recommendation that 
the number operating there be resti·ieted to 60-65 men 
has not been implemented. Tl1e result is that the 
1951 fishery will rcpl'csent the second yenr of an c1x
periment on the effect of virtually continuous fishing 
at a known rate on a known population of crayfish 
with a known replacement rate during the period of 
the fishery. The data are being analysed progressively 
:md promise to make a valuable contrih.ution to theory. 

The preparation of an attractively fro1.en produd 
from Paniilirus longi'.pes presents many difficulties, 
t.he cl1ief of which is a tendency to n num her of types 
of ·Resh discoloration during pi'ocessing. Intensive 
cmpirica l im-estigations have heen carried out . into 
the cause and control of these effects, which can be 
grouped broadly as follows ·: direct iron-sulphur intel'
nctions giving intense, localized black spots; copper
nmmonium-snlphur r eactions giving goner11lized blnish
gray stains; tyrosinnse-melanin rcdurtions givinµ; 
p;o11erali1.ed greenish-black stains, particularly in bruised 
crayfish ; and the di'scolorntion of carotenoid storage 
in tl1e flesh, pinl, in moulting rrayfishes, orange and 
hloo<l red iu females with ripening ovaries. 

Tl1c spectacular rise in the £sl1ery is duo largely 
to the fact that it li.as betfo possible, following the 
r.11reful observance of the proce~sing precautions wl1irh 
h111•e he-on devel oped n~ a rcsnlt of those i1n-cstig11tiom. 
to present. the frozen tails on the A merioan mRr1rnt 
in a condition at least equal to the produce of hitherto 
more favoured species from otlier countries. 

Hi~tolog-irnl r.xnmi1iat:ion of gonads and of cutie1~. 
using standard methods, has not proved satisfactory. 
Initial experiments iiwolving l1eat fixation and the 
examination of sections, i.mstained, using plrnse 
contrast microscopy have given encouraging results. 
~\ n J\ltman-Gersh fast-freezing fixation 1mit is also 
nnder construction. 

(ii ) Tasmania, ( J asus 111 lan<li.i) .- 'fhe plankton 
work Rt P or t Arthul' and tbe tag~ing work being 
rarriecl on t hv intel'ested fis11ermen at r<'1·tain ~elertcd 
:1rras l1ave ·l)ocn designed to qecure pre1imina1·y 
informatio11 about th<' sout,he1·n mnri11e cravfisl1 in 
ol'cler that. 11. clet/liled pro~rnmmc nrny he 1,repar Pcl 
for a. hter intensive investigation. So far it lrns b(!en 
~l1own t1rnt 1948 was a poor brood year for larval 
rrayfisl1 in the P.01·t A rtbm area. S110$eque11t yeal'$ 
have shown good p1·odt1Ctio11 of l ar val 01·avfish tl1erc-. 
'l'he tagging' work h11s given preliminary data on 
g-1·owth rates of matme c1·ayfish and bas shown limited 
mip;rations of m·a.y.fish in some areas. 

(b) Oysters.-Inquiries from oyster farmers for 
nssi,tance in 1e:uning modern oyster fnrmin~ tech
niques have, in Queensland, incrcn sed greatly ovei· 
tlie last six months. The Division's test n1:ea at South
por t. has been abandoned because the almost continuou~ 
~nat-fap renders it admirable for spat catching but 
1mposs1ble to work snecessfnlly as a C?:rowi.110· area. A 
l'el)0l't 011 tl1C' possibilities alo11~ tlie s outhe;;l Queen.~
lnml roost. wa.q n11hlisl1erl for tlw ],<'11efit of o:vstcrnH'll. 

D11rin~ t.l1e a11t,um11 and earlv winter of Hlfil "'reat 
111 ortali t~· occurred among~t · oyster s in sont.horn 
?lfor,,ton Bay. Queensland. Jt nppcarcd to h<' thr 
1·es11lt. of an nnidomic <lisoasr. F.xarn inat.ion of t.11<' 
•.vmntom~ sug~ests tbat n virns m11y hr 1·rspomihlc 
:mil tJi i.Q tl1Por ,v is hein!? tested. 

Tl1c .Pnrific oysters imported to Tasruanin i_n nu 
attempt to proYide an industry there have contmue;d 
to thrive and, during the prolonged warm . summtlr 
of 1!):'11, seem to have given rise to a more satisfact ory 
spat-fa 11 tl1a11 in the previous two ;year~. . H owerer, 
it is ln lieved that the stocks could be bmlt up at a 
greater rate by the provision of a larger broo?-stock, 
and . it is hoped to augment the m1111bers durrng thP. 
coming summer. 

( c) Scallops.--The object of this investigation has 
been to determine the li fe bistorv and growth rates 
of t he commercial scallop and o{ the possible causes 
of O urtuations and variation in quality of the d'Entre
casteaux Channel scallops. This £shery is continuing 
t 1J sbow sharp decline in each year's catch. It dropped 
from 290 tons in 1949 to 210 tons in 1950, and the 
present season's catch is expected to show a further 
drop. The highest catch, 500 tons, was taken in 1947. 
From biological investigations it appea1·s t)Jat there 
lrns been Yirtnally no production of young scall_ops 
since about 1940 and tlrnt t.he industry has been 
<lependent on broods prodncod before 1941 . The stocks 
from tl1ese broods arc becoming further depleted eae;l1 
year, sin ce tl1ey have received no substantial recruit
ment. 

In the pel'iocl 1949-50 several areas showed the 
p1·csm1ce of young sca11ops on the beds, hnt it is cal
n11l atcd that it will be at len~t fonl' ot· -five year11 
hefo1·e the:1· reach the legal minimum size. The 
jin·eniles are not sufficiently pre,-alent on all beds to 
warr:.mt optimism al1011t tbe industry being supported 
for a long period on these broods. Diving cx11111ination 
of several beds gave valuable information on t l1e 
,fotrilrnt,ion and behaviour of scallops. Other aspects 
"·hirh haYe been investigated are quality changes in 
1·hr rntch, fishing in tensity on tbe beds, growth rat.es 
of juYeuile scallops, nnd onset of 8exna 1 mnturity in 
the!'e juveniles. 

This w,ork indicates that the roe development of 
tl1c sonllop, which inflnences <'ommercial quality, shows 
n positiYc correlation with the wate1· temperaturo 
hf1fore the opening of the scallop season . Qnalit.y 
has declined progressively since 1947. 

( rl) P en.rl Shell.-The aim of the Division's pearl
shell programme is to establish feasible methods for 
tlrn cnltmo of pearls and pearl shell. This year 
nHt"ntion has been directed mainly to the life l1istorills 
1md lrnliits of the various species of pear l oyster~, 
hut at the snme time information roleYant to pearl
~lwll rnlt.mc lrns been gathered. 

TTnfo1·tunatelv, YNY litt.lo information has been 
~athrred ~bout Pinctada 111,((xim_a, the commercial pearl 
shell. owmg to a sl1or tage of materia 1. H owever, 
,i"1p!Jlies of P. mil_qaris ancl P. m1gi77rifr, h11vp hpen 
11Ya1l ahle. 

7. H YDROLOGY. 

(") Oceanic I nvestiga,tions.--Deep-sea tra verRes off 
Rottnest I sland were continued durinp: the year. 
Resn Its confirmed the former evidenre of weak1v
(lefinNl current systems in tl1is area, with a rather 

.sevc>rP. drplPtion of nntri.ent~ in thP shaJlow snrfa<'r 
layer s. 

. Tlnw ofl!cers of the hydrologiral ~ertion took pa rt 
rn two e1·m ses with R.R.8. THsro1•ery TT. in August. 
nnd October, 1950. 

(b) On,~hore Tnvesti_qations.-Routine shelf stations 
were sampled regul arly on the coast.s of N ew ·South 
Wfl]P~ nun Tasnrnnia. thr l atter qtatlons being- worked 
hv Mawcn~c 11nd more recentl.v by Derwent Hunter. 
D11tn snpphe~ by the Meteorological Burean supported 
!hr bvpot,!w~,q rf q ron<'lntion hetwrrn ,,. long:-term 
mcreasp 1!1 •phospl,ate~ aml atmoApherio pressure 
fart.or~ ~l11rl1 lrnve been r esponsible for a very slight 
rlianp:r m mean annual sea-level since 1942. 



73 

Tlic r ecent intr0Juct io11 of several a~lditional sh~lf 
stations off the .south-western Aus~rnha:1 coast will 
help to elucidate productivity cycles m this area. 1:'he 
use of n•ssols ,<m ppl ie<l by the yV" ester~1 Austrah_an 
Pisheries Department now makes i t _possible to mam
t;ain sami)linn- wit h a frequency equivalent to that on 

"' 1· t-1,r oastcrn coast of Austra rn. 

( c) Es/1iarinc I nvcstiga_lioris:- Attention is being 
conccn tn t!wl on tl,e cst.u1H1rs of no1-tl1en:i N ~w South 
Wales, which, being floo<l-dominat~d, mamtam a :·ela
ti l'cly Ii igl1 pho,9p \1ate level. Routrne monthly sm v:ys 
of estuaries in the ccntrnl Row South :Vales aiea 
were continued during th<' year. Owmg _ to the 
rema i·kably high rainfall during 1!>_50 run-~ff charac
teristics were abnormnl coin•parecl wi th p r evious years. 

fo July, 1950, a hydrological pro%1:a~me for t~e 
southcm pnrt of Queensland w?s 1111tlated. It 1s 
supervised from the hydroloft1cal laboratory at 
Dnnwich. 

Ifoutinc iillmpliug of Tnsm_auian an~ s0~1th-western 
A nf'tr alian estuaries waR c0nt11111ed durmg the year. 

(d ) Oyslc1· llyd1·0/o_qy.- Bcc11u:<e of the leaching out 
of phosphate added to the. mud on tbe le~se, progress 
of fertiliza tion experim ents at. Shell P~mt, Ge~r~e's 
Ilivcr, has been .slow. By plncrng th~ m1xNl '.ert1hzer 
( 1:omisting of irn pe11phosphate and lmseecl 01~ meal) 
in boxes wl1 ich baYe been sunk n foot or so 1:1to !he 
mncl thi;; diflirulty has hcC'n largely removed. Drffus1011 
of phosphate from t h,2.•c enrichment rcntre,: lrns been 
f'low but steady. 

Observations of mil(\ and water temperatures over 
the lease were con tinnerl riming t he wi11ter of 1950 
and w<>re r ecommenced in May, J.~51. A plankton 
pnmp is now in r out.iuc operation at the lease .. T he 
water over th e lease is pumped through t hree sieves, 
of 200 ] 00. and -10 rncshc~ to tlic inch, and t,hr dr.r 
weight ' of ;pJ:m kton <lllllght by ~n c~ si~ve is cleter~nin~d. 
I t is l10pcd that this work will md1cate quantitative 
seasonal fluctuations in plankton populations in the 
a r ca of oyster growth. 

,;\n inter tidal area in Tilligerry Creek, Port 
StC'phon.s, wns tested with the equiv11;lent mixtur~ dur
ing the yrar , nnrl already the nuti;ient properties of 
tlir treated mud h nYe .shown a slight improvement. 
1'1rn c-ffoct of run-off during the romh1g winter on these 
111·opcr ties "'ill he studied. 

Durino· the year nppnratus wns assembled at t he 
Ohmnist~v Dr.1;nr tmc11t, TTniversity of Wester1_1 .A.;1.s
tra l in, to develop trchniques for the dcternunat10_11 
o f 1·ndio-aetive isotopes, particularly 1)bospborus. Tlns 
ll'Ork is only in t he experimental stages, but it is 
rxpectrd to be of great value i~ followi11g t~lC ;suc~essi:"e 
f'tnges of nutrient rr.genrrnhon anrl a~~11111lnt1011 m 
hottom muds. 

(e) F're.~hwn/'ei· HJ1cfrolo,qy.-ln Lake Dobson, Tas
mnnin, thcr-P l1ns br en some development of alg-al 
O'J·owth alo110· the r ows of enrichment, but nutrient 
le\'Cls in the"' wn ter itseH have not risen appreciably. 
A sufficant r ise in pH lrn~ r esulted from t,hP l'e!!;ulo1· 
ncldition of fertili7.er to the water, commencing in the 
!\J)J'ing of 10!'i0. .Appn rently much of the added 'Phos
phorns i~ heing- h eld at a snbsnrfncc level by the mud, 
niHl rnny hr. rrt111·11erl V('ll'Y .~lowly to the .sm·face layer. 

8. P LANKTON 1 NVF.ST1GATIONS. 

Phytoplnnkton stuclie~ bcgnn in 19_38. The tax?
nornir s tnrl.v o~ tlw ,drntoms 1111d chnofla~ellntes 1s 
nearino· completJ.on. 1.·h(l nnportance of pb ytoplnnkto11 
in the ,_food choin is obvious, as seen in the food va1ue 
0 f the rl intoms nncl sm111ler nlgae to mullet. 

.. 

0. O·l'lr 1m 1NVJ,STIGA'rt01\S. 

(u) Fouling by 1llari,ne Groi~th.)'.-Fouling studies 
lrnrn been continued at points from R abaul in the north 
to E<lrn in the sonth. Tho ott:ichi11g fauna varies 
from year to year, and so for no •pittern has been 
obsrrvc<l. TJ1is work reveals the importation, on ships' 
hottoms, of fo11li ng organisms from other countries, 
sinee tbesr ran br rr<'ognir-t"I whrn th" l0cal fouling 
orgnnisms 11 1·c thol'oughly known. Surh an importa
tion, with disastrous r esults, is that of the barnacle 
li)lminius modest11s (presumably from Aus tralia) into 
Tiritain, wher e it has clecima1"cd the British oyster . 
Srvc1·al impor t11tion~ in t0 Australia have been 
0hservccl. 

The differmicc between the fauna i.n two identical 
powet·hou ge conduits cleaned fourtecu days apart has 
led to a stud:' of the 71eriodicity of settling of fouling 
orgn nisms. To ra!'l'y out this wol'k it was found ueces
~ary to r educe other acti, i t ics. T he results show that 
thr~·e is a periodicity in spawning and settlement of a 
number of marine forms, and that this •periodicity 
appears to be related to moon-plrnse. This correlation 
oxplains .0 ome of the anomalies observed in paint tests 
on ships and panels. Presumably a heavy settling 
of fottlint; orp:nni~ms 011 11 ship, just after <locking antl 
boforr the an tifonling pni11t reaches foll leaching rate, 
g i\·cs a non-toxic surface for further fouling, i.e. paint 
f·r~t~ on shi,ps nre nffccted b.v docking schedules. Also, 
from :field o])serrntions, it would appear that the 
l'rtt!rn~<'nt of onr org-:rniPm l'rdnC'erl tlir incidence of 
certain others. i:o tliat cleaning- of powerhouse conduits 
mig-ht well be timed to allow t.he settlemei1t of the least 
obier:tionable forms. 

·C'onsidera hle interest is being shown by Australian 
and 01·crsea.~ shipping and pain t fir m!': in thi.~ fouling 
work. 

( b) Seaweed Jnvesf.i_qations. - The prog-ramme 
plmrned to co,er tl1e biolo~y and distribution of Macro
cyslis was continued. I t aims at getting a r eliable 
estimate of tl1e quauti ty of Macrocystis available in 
Australia n waters, of the extent of seasonal and long
term fluctuations in yield of the seaweed and of its 
produet.s, al~inic acid, maru1itol, &c .. n1H1 of the method 
of r ep;cnern tion of tbe plant. 

A survey was completed of the Macrncystig beds on 
the en~t coa~t of T asma11ia, anrl their area and tonnage 
wrre determined for the year 19:10, whi cl1 is reported 
to ha,·o been a vN'Y 11ro<luctive year. E stimates of 
hal'\'cst and yield for 1!)51, when complete,- sl1oulcl give 
~ very ro1w;l.1 estim ate of the ~izP of tl10 industry 
which rould be based on MacrocysU.s in Tasmania. 
_\ more prolo11i!ed !=th1cly will . b'owever , he necessary 
to <leterminc the extent of loi,g-trrm productivity 
fluctnati oJ1S. Biological !'.tu<li ri, on Macrocystis are 
bPii1g made to determine tl1r cffl?ct on tl1e r e~eneration 
of tli<> p lant of cut.ting at various levels, the rate and 
mode of i·egenerati0n, and the li.fe history. 

Monthly analyses of the seaweed are being carried 
ou t to d eter mine i,easonal variation in alginic acid and 
rnam1itol. Apparently tlier e i~ li t tle or no laminarin 
in Jl1ac1·ocystis. 

Some preliminary e:rneriments were conducted in 
conjunction witl1 the Di\' ision of For est Products on a 
•process for making a wall-board from :Afocrocystis and 
sawdust. A lnrge demand for the weed is desirable to 
encourage large-scale and low-cost h arve..~ting. Aus
tralia's recruircments for alginntc al one are approxi
mately 200 tons per annum, reqni.rin~ about 
800-1.000 tons of dry ]jfociwystis or less than 
10,000 tons of tho wet weed. On a basis of 10 tons 
prr arre thi~ would require only 1,000 acres. whereas 
hr<ls arc known. whirb rover several ~quare mil es, 
notably in Oyst <>r Ba_y (1\1:a~·ia I slrmd) and' 1lhe 
Acte011 I sland,q. 
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XII. FOOD. 
l . G 1,NERAT •• 

The Organizatiou's resenrch on food processinu 
t . cl . "' p1·ese~T~ _10n, ?n transport 1s_ undr1·tnkcn chiefly by 

its _D1v1s1ou of !!'oocl Preservation and Transport with 
nrnrn lnboratort'r,q at Homebush, New South Wales 
a_nd branch laboratories at Brisbane (meat invcstign~ 
tlons), West Gosford, New South Wales (citrus fruits), 
Eden, New South _Wal~s (fish), and tho Biochemistry 
Dcpa_rtment, Universi ty of Sydney (physical 
chemistry). 1'110 work of t.110 Division is described in 
Sections 2-12 of this Oha•ptc1·. Work 011 the dryin,,. 
and proce$Sing of vine fruits is undertaken by· th~ 
Comn1011wcalth. Rrse~rch _Station (Mmray Irrigation 
Areas), ¥er?o111, _V 1c~orrn ( see Section 13 below). 
Co-operatn-o mvcst1gahons 011 wines a re housed in the 
Waite .Agricultural Resea_rch Institute (Section 14). 
Work on problems relatmg to the manufacture of 
dairr produ~ts is ra~-rietl out ~.Y tl~e Dairl Resc~rcl1 
Section at F 1sl1erme11 s Be11d Vrntoria and 1~ d<1srr1l1rd 
in Seetion 15 of this Cha ptr1·'. ' 

Division of f!'oocl Presen:alion and Transport.
Close co-operation between the Division of Food 
Prese1:vation 11n~ outside org11nizations has always 
?een _important m the_ development of food research 
m th1~ country. Durmg the year unrler review co
OpPratrrl' work hns been inau~matcd in several new 
fie1ds. 

One notable development has been the inau,.,urntion 
of a Plant Physio1o_gical ReseHel1 Unit un"der the 
.ioi1:1t a~spices of C.S.I.R.O. and tl1c Botany School. 
Um,crs1ty of S;vclney. This rei:earch unit, whfoh will 
be supervised jointly by the SPnior LPct11rer in P lant 
Physiolo/!-"' nt thr TTn iversit.~• nml t.l1e Principal Plant 
Pl1ysiologist of this Division will be concerned 
P;irnnril:" with ~roblems of pla~;t cell physiolog~ .a?d 
b10cbem1str.v. Not on1y will this extC'nd the fae1ht1es 
and accelerate the pro!?re~s in the back1,;round resenreh 
n~cessary for fruit and veiretable storage work, lmt it 
rnll also proYicle suitable t.raiuii1g in those fields of 
research for rPrPnt graduates. 

During tl1e :Y_Par the Divisi_on's. Physical Chemistry 
Groll'p moved 11:to l~born tones m the Biocbemi.~try 
Dem11·t111ent. UnivC'r.s1ty of S:vrlney. The move hns 
resnlted in fruitful co-operation with Professor ,J. L. 
Still and his staff. ancl has cnahlPcl C.8.T.R.O. offierrs 
to becrin some new lines of work. 

The work of tlir Division has rcvenled the necrl for 
the investig-ation of m11nv enainerrincr pl'Oblems iii tl1r 
food inclustrit>s. but tl1e D ivision has neither the facili
ties nor tbr speriali~t staff n<'cded for efficient work 
on most of tl1Pm. Tt is l1opecl tliat a nnmber of thr.qr 
problems will be h1vesti1rntocl in the Mxt few years by 
re~earcl1 students in the Cl1Pmica 1 En!!"ineering Dcoart
ment of the New South Wn1es Univer~itv of Terh
nolnav. worl...-in~ under thP 'dirertion of Prof1>ssor 
J. P. 'Raxter and hii: "taff. Work on one such projert 
has 11hendv be!!"Ull . Officers of the Divi.qion will ro
onPrate with the workers in the Unive1·8ity of 'T'ech
nolozy in the plannina of tlw~e proiect" 1111°d. if 11rrr~
s11rv. in some parts of the experimental work. Apart 
from t.he terlmic11 l information obtained, these proiect,q 
shonlcl be of !!Tent vnlnc in procluci11rr m~n with tl1r 
trainhlg- and outlook which wil1 cna b1c them to (lo 
meful and nri:trntly nPt>decl work in !\ m;tra lian food 
industries. 

TJ0,ir11 ResP-a,rch 811c#on.-As export of dairy pro
rl11rt" from Aui:t1·n lin is diminishina. and loeal dcma.ml 
tl,1•p11tr11." to <'ntcb nn within a. few :venrs with total 
ilnirv prnrlnrtion. tht> roroblems of dairy mnnufacture 
alter a little -in emphasis and in scope. The problem 
of t.}1e keepimr qun litv of butter. on wl1icb much 
scientific nnd prnoticnl information has l)eeu o-ainocl 
by the Section in the past, hrromei- of even ~enter ,.. 

i111porf11nr·c llS prolonged col<l storage of butter within 
:\ustrnlin is now necessary to meet the winter demand. 
J he need to rnukc use as human food of all the milk 
produced in .\ustralia, Ly .finding suitable food forms 
fo1· i;~im-milk solids and by other means, becomes more 
·prP,.,smg. The demand for u greater variety of milk 
p1·od11cts on the local 111a1·ket is calling for n corres
pou<ling <livc1·s ifii·ation of the applied work undertaken 
hy the Section. 

Th(• Dairy H<";ean,h Section h11::; coutinued to 
t·o-opt:ratc in its applied stud ies with the State Depart
n1ent~ of .\gl'il'nlt11 l'e. Jn its 111ol'e fundamental work 
it l111s recei\·ed :tl':<i:itance from the universities :md 
fro111 sereral ~<'<'tions of tl,c Di,·isio11 of l11dustrial 
Cl_w~i.isti-y. The l 'hen,ico I Engineering Sectio11 of the 
Dn:1s1on of lnd11s!rial Ulin111ist.ry has giren vi\luable 
ass1sta11ee in pl'Ovi<lina and operati1w pilot plant. 
fn\'C:-.tigations on the fotmation and prop~rties of casein 
gels, c:~ n:i~<l 011 t l,y the , , encer an<l CTI n ing Section of 
t,h<· D1v1s1c,11 of .Forest l'rodu{:t::;, 111·c r<'portrJ iu 
Clt upt!·I' XTJI., 8,,etion 8 (71) . 

2. P11YSl<'S ov Tn,,Nsrowr ., Nn. PnEs1-:n,·,,nos. 

(a) Roil 'l'rc111sporl.- 0110 of the main objects of 
the l':til tr:insport investigations i<; to disrovcr thr 
pri1wiplr~ go,·r1·ning the perfol'ma1we of refrigerated 
an~ n•11t1latcd en~·s so that the effects of changes in 
design and oprl'll t1011 may be pre<lirlrcl with sufficient 
11c·cu1·ory fol' prnc-tical purpose~. Most, of the 
refrip;<'ratrd n1il (•ars in use in .\n•trnlia ltaYr basket 
b11nk~•rs_ mounted_ :1t the ends and. uni ii recently, work 
"'as h1111tc<l to this t,vpe. "'ith an old ,·chicle borl'owed 
fro11! thr Xcll' South \Vnlrs GoYernmcnt R:1ilwa.vs, a 
rll'tn tlNI :<tnd,r of tl1c perfol'manc·e of c11d bunlm·s as 
roolrrs was cnr1·it•d out and has 1cd to a mnch rloarer 
11ndc1·sta11ding of the ,\·a_y in which end buukers work 
811(! to the fornrnlatio11 of approximate eqnntions 
hel1orcd to be adequate for most practical calculations. 
.\ l'Oad test oa1Ticd out i11 collaboration with the 
~cw South Wale;: Government Railways ll'ith caraoes 
of rhilled beef showed very f!Ood agreement hc~een 
c11lc11ln ted and meastucd cargo tern pe1·a turc histo ries. 
.\ s(ntrmcnt 011 _thr principles governing the nse of these 
:·<'h1rle.~ for _c·h1llr~ beef trnnsport has been p1·cparcd 
111 rollaboratwn with tl1c Nrw South Wales R ailways. 

.\n experiment enl'l'ied ont in c•ollnboration with the 
Q11er11sland DepartmPnt of Agl'icultmo showed that 
flt<' _pcrf.orrna11~e of bunkers could he impaired b,v 
sloll'rng car~-0 lll ll manner not very different from 
some rommereial practices. Fttrthel' study of the 
stowage . mer hods nsrd wi I h •ome frn it and · Yegctn ble 
r·111·gor;: 1s plannPd for next summer. 
. The first of 11 series of new ea r.~, with roof t:rnks 
rnstc~d of end bunkers. rnme into ~r1Tiee in New 
8outl1 Wales rcc-ently. The Dfriilio11 collaborated with 
thr NPw _South ':Voles Go,·crnmPnt Railways in a road 
fest of tl11s Pal'_w1lh a ca 1·go of frozen brPf. The results 
were ve1-.r sa hsfaetory. A. good dPn l remains to be 
done to clarify the _rrinciples governing the per
formanre ?f these' \·rh1clrs and so determine the best 
way~ of n~rng thr111 for pa1·tirulAr rargoes and journeys. 

(Ii) C'ann~ng P1·occsses:-,\ n account of the work on 
tl.1<' _<',·,\lnat1011 of r11nu111g p1·oees,;e~ mrntioncd in 
previous rPport$ lrns now hPen pnbl i~hed. Some 
.Tnpnnr•c tlati1 011 th<' cool ing of cnn~ in 1iir nnd water 
l1~w hPcn nnnl.v•<·d and liP:1 t trnn~fri· coefficients 
,hffrrrnt from those given _h,v thr Japanese worker$ 
tl<'dn_cr,l. A l<'ttrl' .~umn1:11·17.rng tl1e rrsnlts has btien 
published. 

ThC'rn1ocouples arc "<'ncralh· usrcl f . • .· heat t t' . 0 ., , 01 mea,,tn mg 
,, pene ra ion rnto cans of food during processing 
l l1e1:c Ar<' sp,·ci·n l possihlc sources of C'IT0r in th~ 
renclmg.q of these thrrmoron11lrs ~ncl ti b · •, . 1r!'c are emg 
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investigated. T he l'esults will, of cou rse, be applied 
to other ternporaturc measurements, e.g. in the roasting 
or freezing of beef. 

( c) Sol-air J'hennomelers.- Thc effect of solar 
radiation Oil the heat flow into in,;ulated strnctures 
must often be considered . It hns become cominon 
prn-cticc to use instru111ents called sol-air ther1,1ometers 
lo measn l'e wlint rnay be dcsc1·ibe<l, son1<' ll'hat loosely, 
ns the m11ximu 11L tempernture a !lurfaec can reach a s 
tl,c res11H of the balance between solar radiation and 
licHt loss to the surrouudiugs. ,\n in1·ostigation o f 
the cf-fret of s011Je details of design 011 the readings 
of :rnr·h imtru111rnts is 11l111ost com plete. 

(d) 11'a/1•r Helalion8 of Dried Fr11ils.-I11form:'ltiou 
0 11 tlie cquiiihriuu, hu111idit,y of dried fruits at different 
ll'Hter contents is required in tho indust1-;y. Data haYe 
h('Cll obtained for some d ried vinl' fruits and 11lso fo r 
;;ngarcd n pricots and pe11ches. 

(e) l'apnur Prei>,~ure Jlleas11.remellls.- T l1e stU\ly o ( 
r11po11r pressnrc isothrrms by the direct, measurement of 
1'11pour pr essure has Leeu continu<'<l. [t has hcen 
fonn<l that d11ta on silk pr otciH arn of use in identifying 
the type of v rotcin. 

(f) Jll easure111.enl of 1Lir [i'low.-Boea usc ii. i:; diffi
c·ult to obtain suiLaLlc instr11111cnt8 fo r measuring air 
How in drying tunnels, a heated thermocouple type 
of 1111emo111ctcr lrns Leen con.<trncted for trial in the 
meat drier. 

(g) Measm·e1ne11 /, of 'l'enipe·raltm:.-The portable 
potentiometer whic-h is used extc1tsil'c•ly in field work 
cannot be opernted on n101·ing vch iclPs because i t i :,; · 
too difficult to balance the gal vanometer. An electr onic 
sub~titnte for the gnl ranomcter was tl,erdore designed 
in collaboration ·with the Divisio11 of E lcct.rotecbnology, 
und the -first moclc'l ,ponstrncted l1as p roved ve1·y satis
facto1·y for trnnspo1·t investigations. 

(h) Hoaporation frrnn Stored Prn,il.-Tbc relation 
between the rate of evaporation and the drying poteu
tia 1 of the stor age a tmosphe!'t.' has heen studied for 
pear~ with hnmidity con tr ol apparatus usiug saturated 
?olutlons. Tiu, equipment in u::;e is being r edesigned 
m or der to ohtnin more arcurate tn€'11sm·cments next 
season . 

( i) Ji'reeze D1·,1j'ing.-The performance of a frcezr 
drier has been studied dnring a number of test runs. 
Satisfa<'tor:y ~amples of dried apricot 111111 peach pu1·6cs 
!,ave been p repa r<'cl for chemical analyses. 

(j) Cool Store 8urm.lJJ.-'l'he fh-st phase of this 
survey, the stndy of ternp()r/iturc distributions in fruit 
st~1·0s, is al most complrte and a general r eport is now 
b~rng prepared. Th_e sur vey showed no important con
sistent dtffcrences 111 performance between different 
t,ypes ?f store_ used for long storage of pea rs. Varia
tions rn details of desig11 within the main types in 
use ar e much more important . 

During the past season attention has been con
cen trated on cannery cool stor es. These present special 
pr oblems because they nm usually :filled rapidly an cl 
very fast cooling of the fruit is desired. 

In cam1eries pear s ar e generally ripened in the 
sto1:a&e rooms. It !S often desirable to ripen the 
frmt m -a room so mnformly that it can all be r emoved 
for ca1_111ing on one day, b·ut ~h_is_ 1miformity is bard 
to ach1e,·e. Officers of the D1v1S1on co-operated with 
the staff of a cannery and with officers of the Victorian 
Department of .'\,gricult.ure in ripening trials in a 
room heatrd by steam pipes 011 the floor . 

3. Foon •01rnMISTRY. 

(a) ;1 naerobic Dcstnich'.on of Ascorbic Acid 
(Fitamin O).-Th P stndics on the anaerobic destruc
tion of ascorbi c acid ar e r f'latcd to the loss of ascorbic 
acid from canned foods in which vii'tua lly a naer obic 

couclitions a rc <'s tublished within a short period after 
canning. The destrndion is being studied at 30° 0. 
n.nd pJl 2.2- 6.0 in citrate-phosphate buffers alone aud 
with the addition of fructose, sucrose1 aud fructose-L 
f3-dip11ospbate. The added substances l1ave all been 
sl1own to inr-n' asc I.he destruction at I 00° U. 

At 30° C. the influence of tlrnsc: factors on tl1e rnte 
<if drstrnction was generally similar to that at 100° C. 
The rate wits a maxim nm at pH 3-4 :rnd was increased 
hy tlie added substances, though not so 111arkedly as 
:1 t 100'"' C'. .\.pp1·oximately tl1e s11me rate of dc~tructio11 
was £onnc1 i11 onlllge j11ire and in a citr a te-phosphate 
l,utfor of similar pH and sugar co11tent. 

( /;) Nal111·,1l Ooat.i11q of Apples.-'fhe studies on 
the 11atul'al lipoid coating of apples arc l'C'lated to thn 
physiological behaviour of stored fruit, as the natural 
coating is tbe main barrier to gaseous diffusion and 
hence influenres the composition of the internal 
atmosplicre. Tho invest.igations are concerned mainly 
with tl1e oil frnct,ion, which increases mo·st markedly 
during storage. It consists predominantly of un
sntmatcd esters, and the investigations are directed 
towar ds tl1c idcntifira tion of the fattv acids and 
nlcohols. •' 

Much time has been deYoterl to the assembling of 
a ppnr atus for low-temprraturc crystallization of the 
fatty acids and fractional di~tillation of their methyl 
esters. The technique of "amplified " distillation and 
iden tification of fatty-a,cid fn1ctions in tlie presence of 
mineral oil bas been investigatC'd and most of the diffi
culties overcome. 

The nature of the constituPnts produced during the 
inerease of oi l coutent has hPen investigated in more 
detail. Thr flesh has been <'xamined for lipoid con
stituent,9. Small amounts of solnhle lipoids bav_e been 
fouud but no material corrcspondin~ to tl1c insoluble 
" -cntin " of the skin b 11s been fo11ud in the flesh. 

Two paper s have been prepared for publication. 

(c) Volatile Prodnrt.~ of Apples.-Thc organic 
volatile substances pro<hlced b! fresh apples are con
cerned in the aroma and probably also in the control 
of ripening. There is evidence of some relation between 
volatile snhstances and superfirial scald, -a functional 
disor der. 

The fn tty acids and alrohols have been shown to 
be prndominantly i;implc and satmat@rl. with chain 
lengths of one to six m1rbon atoms. Tl10 producti-011 
of ,,olatile esters has been detnrmined quantitatively 
and a pa per has berm prep:ued for publi cation . Tests 
haYe ~ive.n no evidence that any of t hese suh~tances 
are concerned with scald, aud attcmJ)ts 81'<' now being 
eracle to identify otlwr substam:cs both from apples 
and from used oil wraps (whirh a re used to control 
sc:'llcl). Work on t,be volatile carbonyl sullstanees has 
inelndecl chromatic separation of the 2,4-dinitrophenyl
hydrnzones. 

( d) Physical ancl Protein Ghemisfry.-Obanges in 
t.be proteins a re of great importance in frozen fish, 
meat, and other products. Rather elaborate biophysical 
equipment is needed for the study of these changes 
and much time has been spent in the past year in 
the design, pr ocmcment, and inst.a llation of this 
equipment. The l aborllt,orv i~ now equipped for certain 
microchemicnl work. A.O. and D.C. pola1·1graphy, 
and potentiometry, and equipment for electr ophor esis 
:'Inn infra-red spectr oscopy is bPing set 11p. 

(e) Amino Acicl Metal Gomplt'xes.-There is now a 
coi1sidcrable hody of evidence to show that the cQm
bination of amino acids ancl proteins with metals is 
important in many biological proce~ses. A.n investiga
tion has been made of the rombinatiou of a m1mber of 
amino acids and polypeptides ,vith the metnls lead, 
cadmium, copper , nnd zinc using the technique of D . .C. 
polarography. This study has confirmed the order 
of stability of metf1l complexes found by othe1· worker s 
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:1sinrr different tcch11iquc-. .\tlc111pts HO being made 
~'- 0~11 flrn1 t.hc J3jc1Tum thcOl'.Y of sf cpw isc fol'1uation 
of tltc complexe!>. Recently attention has hccn directed 
to the coloured complexes \\·ith il'On formed hs 
conallmmin, a protein of eggs. 

(f) 'l'he Delermination of Lead in l1'oods.-Thorc is 
no silllplc, roliabJ.c. method for the dctcm1ination of 
lend in canned foods. A method is being developed 
bnsed on clithizonc extraction, reversion, and polnl'O
gl'apliic dr.tcl'111i11nt.i011 of the lead. 

(g) I 11 / ro-rrd S pcr:lra qf Proteins.- P rntoi II de
nn tlll':1 tion is ncc·o1npa11icd by strnctural changes in the 
protrin. .\ 11 aftc·111pl i- bc•ing made to increasr onr 
knowll'<lgr of tltrsc• cha11ge:. 1.r ob~pn·i11µ; c·lrnugeR in tllC' 
infra-1'(:cl ,p.(•.elrn of tltc pl'Otrins. 

(/1) ('hrmica{ /fraclions i11 PrOl·c:s:::erl Foods.-Thi,
i;; a nc•\\' project hPgun in tht' ~cco11d lrnlf of 1950. The 
reactions $Clectc-d for the fi.l'st series of investigations 
nrc tho~• ll'hich pl'oduce bro\\'n colours in dehydrated 
fruit and vegctnblcs during storngc. This type of dis
<'Olorntio11 orc:111·11 in many processed foodstuffs and it is 
likely thnt ;;('\·ernl different types of chemical rcact:on 
arc involve-cl. Dl'hydrated fruit was considered to he a 
~nitn hlP matc>rinl for tho initinl stud ies s ince browning 
can bo 111nrlc to oecur rnpirlly nnder 1·olatiYely mild 
C'onrlit inns. Prcliminar_y investigations have been 
l·nrri<•cl out \\'ith sugarc.cl nn<l del1ydratcd fruit. nncl 
att<'ntion is at p1•psont being coucentrnted on certain 
.ispcets of the chemical composition of tho raw fruit. 
l:li ro11111 t,1p,Tn phic 111ctliods nre being applied to the 
idcntificn tion of th<' ~ol uhl<' cons t i tne.u ts of the fruit. 
~on~idrrab)(' progre~~ has been made in identif.ying 
tlw mrmbcrs of one imporlnnt cl:1~R of rompounds in 
~c,,·Pl'lll types of fruit. 

.J.. i 1 rcRomor.oov Ofi' Foons. 
The microbiological research progrnmme. is designed 

to obtain a better unclersta11ding of tl1c way in whicl1 
rnrious c11vironmcntal factors affect the p;ro,vth and 
death of micro-oq~anisms in food. Such inforn1ntio11 
may form a basis for improved methods of food 
processing or storage. 

(a) Clostricli11m botulinmn l nvestigations.·-Studics 
of the tcmp,enitme reJatio11R of this important foocl
poisonin~ organism have hcen continued. In addition 
to the wol'k 011 types :\ and B, recent studies haYe also 
heen macle with som(' t:vpe R strains. this being thr 
otlicl' toxin tyJ)('. to " ·hicl1 man is RllSCC\ptiblc. Two 
papc,rR on the tl1rrnrnl drstrnr.tion nf tl1r toxin havl' 
hl'C'll p11hfol1Nl. 

(b) If eat Rf'.~isfancl' of Baclcrinl Spores.-1'hc 
illl·Mtigntion of fnctor~ 11ffC'cting the germination of 
J,n.nt-ti·C'ntl'd spom:; " ·as continued, inhibition of 
g-erminntion h~ sm nll concontrations of snturatccl nnd 
mm1turntccl fotty acids being studied with both Clos
h-idi111n nncl Rnri1111.~ ;:pore,:;. Some important effects 
hnv(' hcen obscnc-d nlthough thl' rcn~o11 for them is still 
unknown . 'Tll'o papers rovrrini.t tl1<' r rRnlts of cnrlier 
Pxprrimrnt~ havr her11 published. 

( c) TValt'1' Relafirm.~ of Rarfcria.-This project is 
bPin~ c]p,·elopcd more a<'tivcly now thnt more pre.cise 
mrthodA for clrte1·mining thr nvailnbilitv of water in 
ha<"trriologicnl mrdin are nvn iloblo in this laboratory. 
Exprriments with 1·epre.•e.ntati,·e strains of both food 
poisoning and 11poila~e or1wnisnl', luwc been rom
menced; greatest nttention i,:; being gi\·en to the food
poi~oning group, for whicl1 the informntion is m0l'C\ 
11r11;m1tly reqnir.c.d. 

(rl) .llfonld G1·owth Stud-ic.~.-The mould pre,•iously 
ronortrd as hcing- unn-;unllv well adnpkd for growtl1 
in d1·y c11viro111T1rnts has bJ>en provisionally identified 
bv an officer of t.hr N ew S011th Wales D.epnl'tmrnt of 
Ae:ricnl tnre a~ bPlone:ing- to a new gc1111s. The name 
X cromyre.~ bi.~porus hR'> he<'n propos~cl. 1'hP gro\\'tll of 

Ji I'(' of l1c·1· moulds isola tcd from relatively dry mate.rials 
i~ 1101r being stud ied in rclntion to temperature, pH, 
nncl the nrnilability of water. 

(c) Jlo11ld ll'aslage of Store<l l•'rnit.-Work on 
apple rots cnu~cd by Glocosporium al_bum has been 
continued by nn invest:gntor locntccl 111 the Botany 
Dcpn1·tment at the Unircrsity of :Melbourne. Altho_ug_h 
it is known tlint this rot is initiated before the frmt 1s 
hnn·<'~tecl, it hns not be.en possible to nnd tbe fun_gus in 
tlil' orchnrrl 01· to incren~~ the ineiclrnce of rottmg by 
Rprn_vinp; fr;,iti; l\'itlt coniclin at i:-nr i~us t i~cs prior _to 
pi<"k:11g. f nYC'~til!ations in t·o-opera t1on w_1th . thr V 1r
foriirn Dcpartmrnt of ;\g1·ir11lt11re ar~ contm~mg. . 

.\~ rPrtain funp;i librrnf<' diffusible toxms which 
d<:'!itroy the host tissue outside tl,r zone in whicl1 the 
fu ng11s is actnnlly growing, a study hns been rommcnced 
of tl,r nction of 8clr.roliniri .~cforoliontm toxin on carrot 
ti~snl'. Thi- fungu;; liberal<'s a potrnt toxin and a 
~tncly of its cffrct on carrots lrns been undertaken 
b(•cnuse mon• is known of th,c- physiology of normal 
ral'rot tissue than of most fruits. Crurle samples of 
the toxin 1rnYc been fotrnd to promote the loss of several 
ronstitucnts from the ho«t cells. ~\s an aid to the study 
of thr~e cliangl's qu:rntitati\·e proccdnres for organic 
11cirl n1ial;vsis b.v chrornotogrnphy hn-ve been developed, 
and ,:omc asprots of the physiology of carrot t issue have 
hPen Rtndietl in conjunrtion with the- Department of 
Tiotany, Univrr~it.,· of )folhomn<'. 

TmP::ti!!ation of th<' snrfnrc microfiora of oran2;es 
from Gooforrl, Nc\r So11t.h Wnle~. hns 1·M·caled n positivr 
ronelntion bctwc<'n tlw lcvl'l of infection by Pe11icilli111n 
~p. nnd thr. amount of rotting cau!'ed b? this fungus. 

({) Racfcriolnr1.11 of Ji'1·nun Eqqs.-One hundred 
,:;ampJp,, of fror.rn egg mnnnfnrturrd in South Australia 
11·rrr cxaminrrl fo r thn pre,:enrr of 8almrl71dla 
r,rgnnisms . 

( q) 8poilagl' of Ca1111('(l Foods.-An outbreak of 
~roilngc due to tlHmnopl1ilic bnl'teria was investin-atecl 
in a eommcrcinl rnm1erv 1111d tlic prinripal source of 
tl1c !:poilagr orp:11nisms (ktrrmincrl. 

!l. :\fF.AT. 
(a) Co•o71e1·alive F'1·or.cn Beef Sfurlirs.-( i) Tech

nirrurs.-TJ,r clrvdopment of tcrlmionrs for the deter
minntion of ouality of fro7.rn and chqlcd beef carcasses 
hn~ h<'en conti1rnpcl. The hr,:;t conditions for prepnring 
n c11111nle of frozrn mN1t for dPterminntion of "free 
rlrip" linvP hrrn r~t'lblillhrrl rrnd thr work is now being 
0xtrHrlPcl to tl1r drtermi1111tion of "loaclNl drin " . 

,\ tnsting nan{'] 11:t" hNm trainrrl and the p<'rformnnce 
of tl1r p11nrl ns 11 whole 'lJlfl of it" individual member~ 
lt:-1!l bre11 ;;tudiNl ~tatistirn llv. 

Oons iclen1tin11 hns heen ~i ven to tl1p pos;;ible errors 
:;i·i~irnr in t.l1r r~timation nf t.emnrrnt1nes bv tl1Nmo
ro11nlrs in uwnt dmin,!! chillin!! nnrl f1'1'<'7.in!! ;ncl also in 
ro(lkinrt. 'l'hi~ mnttpr will hC\ im·eqtigated furthrr rn 
rollaborah111 with thr "Pl1~1sir~ 8Pction .' 

(ii) F'roze11 8/m•n.r,r E:i:11l'rimf'11t.-'Paired sides of 
Ntrrai:•rs hnvr been plncNl i11 storage at 8 and 0° F. 
'Rxnminntiom nt tbrcr months and six months have 
l1rrn mnrlr nnil the reo:11ltq for threr m011ths nnalvse.d 
<tntil'tirnlly. 1'hr onlv diiforrncr. notirPable nftrr tlnee 
mouthR' ;;torn'.!:/' WM in thr \,Pil'.'ht loq~ dm·ing $tn,·i:ig;.-. 
\l'l1irh "·11<1 con~irlrrnhl.v lc-s-; in the rnrras•es at 0° F. 

(iii) r!nrrn,qsr.~ fnr 8!11d11 nf fl,r T,011·-f1mi11ernf11rr 
RP.~rnrr71 Sfnfinn. rn m bi·ir1.'Je.-Onl' <'Onsignmcnt of 
;;rlrrtrrl rnrcn~!'('.q r.m•Pri11g n rangr of n-rai[eq haq 1lC\en 
~l iinnrrl for !ltnclv in 'Engln11rl. " 

(iy) ('7, illNl Rf't>f 8f11diPs.-'Rq11i11ment for tbP 
rlrtrrmi11ation of f'O., i11 thr rhill roomq bv thrrmnl 
r,,11rh1rtivit~- mrthoch1 ha~ hrrn inst11llr<l. Stnrlir~ of tlir 
l r\·rl of hnri'rr inl ront.aminotion at two nbattnirs hnvc> 
hrrn mnclP nrrnarntorv to rn1Tyin.g out expPriment" tn 
"ompnr(' ehillf'd with froz!'n "torage. 
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( b) "Driv" l nvesl·igations.-Large differel1ces 
between the p~1·ceutage "drip" from neighbouring 
muscles and also frolll vaTious commercial cuts of meat 
ha\'e been folllld in a storage experiment. They are 
being studied in relation to the shap.e. and composition 
of cuts and the plI and fat content of the muscles. 

( c) Jlluscle JJ-iochem·islry.-1'1ethods for the estima
tion of glycogen and lactic acid in muscle and Ji ver 
ha vc been chcclwd. The variability of glycogen from 
point to point within selected nrnsclcs is being stutlic_d 
as a prclii11inary to follo1ring the course of glycolys1s 
in ox muscle as affected by pr e-slaughter treatment. 
Methods for the control of steers d uring pre-slaughter 
treatment are bci.ng worked out.. These studies will be 
carried out i11 conjuuction with work by the Physiology 
Dep:ut1nent of the University of Queensland on the 
effect of snch trc.a trnent on the adrmrnl system. A check 
hHs hccn made of tho method of deter mination of 
11 ~corbic acid ill adren:.t 1 glands. 

(1l) Air-borne Conlami11a/,ion.-A study is bei11g 
made of the normal clcc11y rate of th ree organisms when 
~prayed as n mist into a cold r oom he.l<l under rnrious 
1·01Hlitions. rt has been fou nd possible to account 
qua11titatiYel~• for al l tl1c organisms supplied to the 
spraying device. Losses Lave been quantitatively distr i
buted between losses in spraying and sampling de:viccs, 
precipitation 011 surfaces, and death of tho organisms. 
The effects of na tlll'c of organism, growth con ditions. 
nature of nutricn t medium, and physical conditions 
within the room on th e rates of loss a re be.iug 
detenninc,l. 

( ,, ) 'l'ecli ni91w of Bslimation of B,,cterial Counts.
~\~ .i necessary part of the work on air-borue co11-
tnmi 11atio11 :1 .~tudy Lias been rnado of the effe.cts of 
hlt>n<ling bactC'ria 1 1,11,;pensious and contaminated meat 
and of the di lfore11ec in plate count obtained from meat 
~u t·fnccs u~i!!g a blr ndc1· ns compare.d with grinding 
with sand. 

(f) Ozone 8111die~.-'fhl' study of the dynamics of 
the oz011c systc111 ltas bccJ\ extended by measurements of 
thr rates of ozone. abso1·ptio11 b:y meat ::is affected hy 
~izc anrl thicknrss an<l nnturc of the meat slice and the 
L•xfc11t of previous ozone treatment. The effect of a 
rclat=Ycly h igh continuous ozo11e concentr ation (10 
p. p.m.) on the tlcvcloprncnt of a series of organisms is 
being; ~tudicd, aml will br followed by studies at lower 
01/.onc levels n ncl other temperatures and humidities. 

(g) l•'reezer B11rn Shid·ies.-Tbe nature of the 
rernond of water from offal which is associated with 
freezer bnrn is being studi-e.d. Special attention is 
bt:i11g paid to the weight losses before and dur ing 
frce;,:ing and the cf1'ect of r ates of freezing on the 
moist.me loss. JTr<>.czing in mercury is being used to 
obtain high rates of freezing. 

6. Frnu. 
(a ) Surrey a11d 1ld1:isory Work.-Advice and prac

tical help 1ia,·c been given to prawn processors on the 
North Const of N cw South Wales, to canners whose 
interest in the cam1ing of tuna was stimulakd by tlio 
visit of the American tuna clipper Senibna, and to 
numcrons per~ons seeking to establish fish p rocessing 
fn<'il i ti(•s. 

l \ report OH the NP11· Gninea-Papua fi sh p reservation 
su rrn_y eonducted ca1·ly in 1950 was submitted to t lJP 
Department :of External Territories. 

Several ,;prcics of South African £sh are closely 
rela ted to species o f commercial importance in Aus
tralian waters. Canned packs have been exchano-ed 
bet\l·eon Australia and South Africa, and a survey° of 
samples from South Africa has been completed. 

(b) Objec!.ive ( Chemical) Jlfothocls for Estimation 
of Spoil-age.-Oonsidcrn ble work has been <lone on the 
developmen t of rapid la.born tory and field. methods for 

estin1ating the degree of fish spoilage. The methods 
ll'ill be used to study the chemistry of fiavoiu cha~ges 
which occnr in some species of fish during cannrng. 

( c) /' ro wn I nvcsligal ions.-It 1as been found that 
tl1c <leYelopmc11t of ],lack stai11ing during storage and 
lnmsport of cooked prall'ns -'3:lll be minimized by strict 
nd licre11cc to a rc~,011111wncled sralc of cooking times and 
0 torage temperatures. T he nature and cause of the 
;-;taiu are being inn,stignted. 

(,I) Fi.sh /1'-tre,i11g.-Studics are proc:eeding on the 
(·li:rnge of protein st.nwtu1·e duri.ng frce7.ing of fish . 

7. EGGS. 

(ll) t..:_lfec/s ,if Slic/1-ron/ing '/'1·ealmen/s.-Studies 
011 the effects of ntrious .,he11 coatings (particularly 
mi11eral oils) 011 the r ate of deterioration of eggs dur ing 
storage were continued. 

The storage investigations using various mineral ~il 
coatiHgs Jrn,·e now been completed and the r esults will 
:;hortly be compiled for publication. With the excep
t.ion of ('OJJsiderably rcrluced weight l_osses, there appear 
lo be 11 0 con.-istc>nt advantages in the nsc of oil coatings. 
Orc:asioll al l:y dm-illg storage at 68° lt, and less fre
quently at 32-34° }'., oiling results iJ1 a reduced ten
dency of t.he yolks to break when the eggs are opened 
nu<l also in slightly better flavow· than in the untreated 
eggti. TLc~1.: Y.tr: .. tions cannot yet be correlated witb 
the pl1y.~icnl an,l drnmical factors studied. 

One ctfoct of coating 11·ith oil is to restrict the loss 
of ca rhon dioxide from the egg, tlwreby leading to accu-
111ula.tion of this gns equivalent to s torage in atmo
spl1crns containing up to 3 per cent. carbon dioxide. 
Siw·e ~p1·ernl ll'Orker.s ha,·e stated that the ctrects of 
oi ling on the r:i l~ of dctc1·iorntio11 d111·i11g storage inc> 
dnr lo thi$ a cctmrnlation of car bon dioxide, storage 
,•xpC'rimcnts at 68° F. ll'ore carried out to compare 
ral('5 of detc1·ior:1tioil in oiled eggs and eggs .stored in 
OA, o.n. ;J.G, and 9.2 per eent. carbon aioxide. The 
i-rs·n lt~ showed ~ome correlation between the r ates of 
deterioration in oiled eggs a11d iu the corresponding l ot;; 
:rt si111ilar carhon <lioxi<lc tension (0.i aud 0.9 per 
1·cll t .. ). The> cxpcrirn.en t~ 1r ill be rnpeate<l at lower 
storage ternpcrattLrcs. 

Storage c-xpcrin1cnls we1·c eatTied ouL using a com· 
nicrcial ca.-ei n-formaldehydc coating which was found 
to be inferior in pcrforrnauce to oil coating. 

( b) Bheoloaical Sh1dies on '!'hie/.· White.-For th~ 
111aintenancc of good quality, it is desirable that the 
tlr itk white ::hould remain firm and large in volume. 
Du1·i11g storage, howernr, tbere is usually a considerable 
decrease in vol ume and firmness. No satisfactory 
methods for the n1.c:1suremeut of the change in firmness 
of the thick-white gel are available, and therefor e a 
s tudy of the rheology of the thick whites from fre:ih 
and stored eggs has been undertaken with a view to 
dcrising a suitable quantitative method. 

( c ) Sizes of Export Ea_qs in Hela./ ion to F-iller Sizes. 
-J~t the request of the Australian Egg Board, measure-
111c11t~ "·ere mad~ of length, maximun1 diameter, and 
weigl1 t of eggs in each of the main weight grades il1 
the export pack (12, H, and 16 lb.) in three States. 
Over G0,000 eggs were measured and the data analysed 
in relation to the current•si2es of filling material used 
f l ll' packing. A final report has been given to the 
A'1.11stral iau Egg Board, recommondiug- changes in the 
~izcg of the filling- materials for the 12 ancl 14 lb. packs. 

(cl) Disorclei-s in Eggs Following ingestion of Mal
raceo11s Planls.- Ingc.,tion by hrms of seeds and leaves 
of 1\folvnecous p lants Panscs the onset of pink whites 
nllCI other (lisordcrs in stored eggs. Chemiru.l studies 
ha1·e been begun with a view to i solating and identi
fying the acti~•c principle which occurs in the ether 
rxtract. The activity of various fractions of the oil 
of 1lfok(£ parriflora i.-, n f· pi·esent being investigated. 
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Work on the physiology and biochemistry of fruits 
and veo·etahles bas been continued, with pnrticular 
referen~ to tl1e behaviour of cells and tissues. As 
before, this work is ]al'gr.ly concerned ,vith the way i_n 
which plant <:ells accnmulate substances from theu 
surroun<liiio-s all(] prevcut them from diffu.sing ont-

o l · . b wards. SimulLaueou3ly, the vrob em of l'espnat10u y 
which t,!tc individual cells obtain their enel'gy for 
coJJ tinucd survival is beiug investigated. 

(a) Sull Au=·ll1nnlalio,i..--Some progress cau be 
l'ecordcd in the study of salt accumulation in its relation 
to respiration. 1i paper incorporating observations . on 
2,4-di nitl'~>phenol, which inhibits $alt accumulation 
wi Lhont inhibiti11g respiration, is in the press. A paper 
on tlie !'elation of salt accumulation to the enzyme 
e_ytochrome oxiclnse has beeu published in collaboration 
with a u1cmber of the .staff of the Botany School, 
UniYersit_y of' :Melbourne. Eo~lowing this. wo!·k, the 
relation between salt accumulattou and resp1rat10n has 
been investigated further, both by the use of substances 
wl1ich will pos.sibl_y stimulate the transfer of energy 
from respiration to accumulation and by attempts at 
isolating tLe enz,Yme systems of respiration and making 
thelli function outsi<l!'l the cells. The enzyme system.~, 
cytochrome oxidase an<l succinic dehydrogenase, have 
been isolated froJ11 both beet and carrot t issue and work 
is continuing to obtain isolates \rhich show the other 
enzymes concerned with respiration. This work fo1lows 
that done by animal biocl1emist$, which shows that 
the respiration in animal tissues is largely confined to 
small particles-mitochondria- in the cells ; these. 
particles a re just on the limits of ordinary microscopic 
1·i.sibility. A comprehensirn review of the · work on 
salt and respiration was prepared for publication. 

(b) Av pie 1 nve.,liyi.t£on.s.-Iuvestigations of u i t,r o
gen metabolism ha vc been continued wi th par ticular 
refercHcc to the probable method of synthesis of protein 
iu developing apple tiScille. The technique of paper 
cl1rornatogrnpb_y has bceu u~e<l to stndy the amino 
acids from which proteius arc .,ynthesized . The free 
amino acids have beeu examined in samples of apples 
from the t.ime of blossom until after normal commercial 
mnturity and have bceu compared with the amino 
acids pre$ent in tbe proteins of the same samples. 
Samples hare also been tnken from tJJc leaves of the 
same tree. 

Tlic cou r.,e oJ development ,of apples on the tree, 
which has such a profoullcl effect on their subsequen t 
behaviom, has been investigated further . Samples 
analysed monthly from tiJ1Jo of blossom nntil the fruit 
could no longer he held on the tree 11He confirmed 
the prineipal eonclusions of work in earlier seasons, 
which has now bee11 published in two papers, one 
<lcaliug \\'ith the a natomical 11nd the other \rith the 
ehemieal change.s. The recent work has extended our 
knowledge by showing, among other things, that there 
is n ver y large influx of soluble nitrogen compounds if 
the fruit is left 011 the tree for longer than normal. 

Collabornti\·e work with the Division of P lHnt Indus
try, aimed nt di5tiuguishing the physiological and 
anatowienl differences between light and heavy crop 
fruit, hns been continued at Hobart, Tasmania. 

(c) Olimaclcric Ilise in Apples ancl BaMrnas.-The 
sudden ri , e in respiration which accompanies ripening 
i11 ·a number of fruits and is known as the climacteric 
rise bas been imestigated in apples and bananas. Oon
sid;l'a ble \\'Ork !ins been uccessary to obtain satisfactol'y 
techniques for supplying snbstauces in solution to these 
tissues while the respiration is being m easured. 

U. F.1tJ£SH F1wn STORAGE ~\:tiD 'l'lldNSl'Oin

T1cc11N0L0GY. 

Some of the Jon•~-rauge problelllfl of fruit and vege
table storao·e have 

0

been continued and some compara-
tively short-range p,rojecLs harn been concluded. . 

( a.) 87cin CJoatin_q.-Four papers on . the extens1~e 
,ror k 011 the use of wax or oil layers appl_ied _to the .skm 
of apples have been prepared for pu~llcatlon .. Th~y 
deal with physiological effects of coatmg, coatmgs m 
cool storage, coatings in common storage, and com
p:uisons uetween coatings and gas storage. 

(b) Orchard Variability.- The e:"})Cl·i~eutal work 
011 the variability in storage behav1ou~· m the apple 
varieties Delicious and Granny S1mth, from two 
orchards in the Oranue di.strict, New South Wales, 

" . ' k bas been coucludecl after five successive seasons w~r • 
The fruit was kept in cool store for a standard t ime 
uHder standard conditions and was subsequently 
rxam.ined for storage disorder.5, comparing fruit of 
different sizes within trees between trees, between 
orchards irnd between seas~ns. Statistical work to ' . . . 
analyse the results of these experiments 1s m progress. 

(c) iliaturity- Nii111,be1· of Days.-The e~per iment 
to determine whether the number -0f days from full 
blossom could be used as the best criterion of maturity 
for p icking apples has been concluded: ,~tatistical 
work is beino· car ried out to anal yse the significance of 
the result, b~t it would appear that this cr iterion_ is 
not as rr,ood as the usual ground colour recommendation 
for picking as used in most districts of Australia. 

(cl) Htonc Fruils.-Work on the storage qualities of 
new varieties of peaches and p lums grown on the 
nathurst Experimental Far m. hns been continued this 
ye!1 l'. 

(c) Fear 8/oragc.-Work 011 two aspects of pear 
storage has been continued. The effects of delay and 
rates of cooling on the stornge l ife and respiration of 
both W illiam non Chretien and Packham's Triumph 
rarict.ies have been investigated. P reliminary r esul!,s 
,cem to indicate that the delay before cooling after 
picking is not as deleterious to the subsequent storage 
life of the latter variety as has previously been thought. 
The other project has been concerned with an inves
liga tion of the safe limits of carbon dioxide concentra
tion in the gas storage of Winter Cole pears which have, 
i11 reeent years, been shown to be more susceptible to 
Llic disorder, bl'O\\"ll heart, cnnscd by carbon di-0:xi<le, 
t.ban had previously been suspected. 

(!) Lemo1~ Stoi-age.-Work on lemon storage has 
been co11ti11ucd at the •Citrus Rrsearnh Labor atory at 
G-osford. It has been establisli"d that good tree vigour 
i~ necessary for fruits kept for long storage. Treatment 
with borax and wax will sntisfactoril:y control develop-
111cut of the common green mould, but most loss in 
storage has he~.n cine to stem-end rot. Considerable 
impro \·cmcnt l:as been obtained b;v the use of 2,4-
d idilol'ophenoxyaeet \c acid applied as a post-harvest 
clip. This \1'9S more successful than p re-harvest spray 
programmes ll'itb eitlrnr Bord.e.aux m ixture or 2,4-
diel1loropl1rno.xyaeetic acid. 

(!/) Orange Slorage.-Experimei1ts at the Gosford 
l11 bo1·a tor y on orange storage showed thHt the treatment 
of fruit with a borax-bo1·acic acid mixture followed by 
•.l'ax:ng has hcen \'<'.l'.}' successful in coutrol of green 
mould (P<'nicillimn cl·igitatum) . Fruits ·in commercial 
l0ts which had been processed in this way were sold on 
the Sydne? markets and rec-ei,·ed faYCn·abl e reports from 
buyer s. Following this \\·ork recommendations were 
made to packing shed representatives in Gosford and 
haYe been adopt,ed by cer tain of the sheds. Experi
ment,; were carried out with both NnveJ and Valencia 
oranges and arc to be c:ontiuued in tbe coming citrus 
st•aso11. 
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.\. u uwber of new fungicides ha re been tested, but 
11othi11g better than the. recommen?ed borax t1:eatm~n; 
has yot been obtaiued .. M.yc~logwal tes_ts. a1.e be_m., 
conducted iu eollaborat1011 with the M1c1ob1ologicu~ 
l:iection of tho Division ond tho Biological B1:anch of 
the .New South Wales Dcpurtment of Agncultui·e. 
Some. interesting relationships bet11·?cll spore load and 
mould development have been obtu111ed. 

(h) Broum Ro/.-Bccausc of th? iruporlancc of 
brown rot iu apricots and peaches ,_duch a!'C s~orcd ~or 
l>nbsequcnt processing, particulal'ly 111 canmng factones, 
u study of tLc e:lfect of tcJ.J1per~ture on th~ growth r~,tes 
oJ both orguuisms in the fruit was earned out. Ibo 
results relati11"' .,.ro1rth lo tcn1pcraturc ha1·0 been made 
al'ailablc to offi~crs of tl10 New Sout_h Wales Depart
ment of 1\ gricultu re, w~o arc stu?Y'?g tlic effect of 
altered methods of hnndlmg after p1ck111g to reduce the 
losses in the field. 

(i) J,'ruil J,'ly.-Tl.ie speci!11ly <le5iguo<l r~oru for ~he 
u1pour heat troatmcn.t of (nut. as.a meaus ~( dest~oyrn~ 
tly eggs or l11rrac which 11wy be 111 ~lie _£nut at t!mc ol 
picking, has beeu co~i,plcted and 1~ mstallcd III t~1c 
Gosfol'(l Laborntory. Jest runs on co11trolled_ tcmpo1~
t11re and humidity hal"c shown that the cqmpmci1t 1s 
sa tisfac:tory and experiments ha Ye begun to study ~he 
effect of this treatment on the snbsoqt~ent l~e!'J!l11g 
qualit,v of the fruit. Later, in coll11bornt1011 with the 
e11tomolo«i~ts of tl1e. New South Wi1lc•s Department of 
.i\ grir11ll:1~rc, the effect of treatment 011 the fruit fly will 
nlso br rxamiued. Further work on I he low-t.emprra
tnre trPntmrnt, which kills tlrn fly aft('l' some days, ":as 
retarclc-<l this year bec:rnf>e of the shortage of matenal 
whic-h hacl been stung by fly. 

(j) Polll/o ,~/Mage Trial,--:-E:-pt•l'imcnts 011 ~he 
stor:i~c prope.rt,es of rn•11· rnr1etH•s of potato bcrnt 
tested hy tl1r Now 8011th W:ilcs Drpi1rt111ent of .\gr1-
cultu1·r 

0

har~ bct•n canicd out. ThPSC trialR ham 
included C>xamurntion for eondit ion and culinary 
quality aft.or fh-c rnontl1s' ~to1·nge ... The ?ul iuary tr._st,s 
lia,·e been c:11'riec1 ont in col1uborat 1011 with tl1c Dned 
}'oods Sertion. Some :in1i-spront tre:itn1011ts in storage 
l,an• also boc11 trircl. 

(1.-) Paprtw RipP11 i11fJ,-:\11 cxprri111<;11l '.ms cn rr~ed 
(11tt to rompm·c tln(•C\ tcmpc1·11t,ures o_f npenrng aL b1.gh 
lmmiclitv. It wa.~ found tliat the h1;.rhcst temperature 
rc•duc·<•ci' ripr rots bnt. also rrclnc-rd qn:ility. 

(l) Slorayc for Can!1i11g,-;-T11:o r~pcri!ncnts l1_nYC 
hr<:'u donr in rolla horn tw11 with th,· ( annmg S1•(•t1011. 
The rffect of tern perntnre on the- post-hu n·rst cb11 ngcs j11 
<·an11i11g quality of a~parngus 11·:is i111·t•~tigntcd, _and two 
111clbmls of ~toring J. H. Ilalc peaclws for canm11~ we.1·<· 
compared. 

JO. C.1NN1No AND FnutT Prwoucns. 
(Cl) 1·efJt!illblc C'c11111i11y.-l 'cn canning inYestigatiou$ 

11·crc c•on ti1111cd 011 an cxpauded scale at Devon port, 
'l'asmnnia, mainly 011 rntc• of maturation of commere~nl 
c·rops and dete.rn1inati.011 of correct picking 1!1atu~·1ty 
1•:i t,h rcfcre11cc to qual1 t_y and ccono111y. Phys1olog1en 1 
chan"'cs wrrc followe<l ll'ith th<· aid of tl1e maturometer 
and the dn ta oht ained 11·erc rc1a lr•l to tender,lmeter 
readings. . . 

Confirmation 11·ns ob1a111ccl of tlu• tlieoret1cnl con-
clusion tlint the matmornetcr re:idinj.( of n mixrcl si7.(' 
«ratlC' samplt• if; tho me.nu of the 1·<'n(lings of its eom
ponrnt part~. wcigl~te<l i11 acrordn.11<'1· ":itb th~ 1111mher 
of prn.R in cueh SL7.e g1:aclr. Tb_P nuxcd size grade> 
reading bas been convem_ently_ des1p;natr<l the :Maturo
meter Index, and tr~nds m tlns Y~lnr_ appear to reflect 
day-to-day progressLOn. of mntunt? 111 tho pen erop. 
Results from two rephcn ted expenmPnts suggest that, 
nuder the conditions of test, crops f;hould be han·e~tPd 
when the ll'fntmometer Index reor)1es _250. .At this 
point there. wa,; a marked decrease rn Yrne weight per 

acre, and a conespouding saviug iu haulage costs and 
vincr capacity. ln both trials ripening proceeded at 
approximaLcly ,\ per cent. alcohol-insoluble solids per 
day during tlie week prior to hanest. This informa
Li011, if confirmed by subseque.nt work, may provide a 
l,asis for Llic short-term predict ion of the date of 
harrest. 

Thirty-five rariotie:; of canning peas were grown in a 
scric.s of row trials in an endeavour to obtain one or 
more varieties equal ill yield but superior in colour and 
in lla\'Our to the stnndard Cauners' P erfection. 
\' arictics showing promising agronomic and canning 
clian1cters ll'ill be carried over into a further row trial 
at Blayney, N Cl\' South Wales. 

4\sparagns spears held at atmospheric temperature. 
~ltow<;d progrossi ve fibre <levelopme·nt, but, when canned 
at interrnls up lo three days after harvest, were. eom
l'ara ble in quality to fre~J1ly canned material. Cool
~torago tests at a series of temperatures suggested that 
l>pt•a r~ can be. held for two weeks at 4;;° F . and still 
gi,·r 1111 accopt11blc cirnned product. V;rJJite asparagus 
was found to be superior to greeu under these condi
r:on~. Continued work 011 the location of bitterness in 
c•a11111•d materia l co11nl'll1ed that it is C;once.ntrated in the 
lmtt of the spear. It occurred in groa ter concentration 
in white than in green asparagus, and it is recom-
111e11dt>d tl111t canned white asparagus Ehould be held for 
Oil(' lllonth be.fore commercial distribution. 

Tiss11c-fin11i11,; investigations of brassicas were eon
ti111wd. J1 istological t>xaru inations of treated and 
untreated tissue• were made and tests of objective 
111ctl1ods of' 111cns111·cnwnt of firmness were conducted. 

Ollic·cn; of the Dh·ision ha,·o ro-oprrated with officers 
uf tlu• ~c-,r South W11lcs Dep~rtment of Agriculture 
i:i II bret•dini,: J)l'Ogrn111mc of Panning find pulping 
to111ntoe,- i111·olri11)?; 40 Rclel"te.d c·ros;;es originat:ng at 
(' .S. I .R.O. l)i1·iHio11 of Plant J11<l11stry, Canberra, and 
11 t tr n r.-k<•:-lrn ry . \g:rimltnral College. Satisfactory 
1,rog1·r!;< wns madr :rnd the wo1·k ll'ill be amplified in 
t11r: 11oxt scnsoq b.r t·lw i11du$ion of n number of hybrid 
types. 

Eigl1t str:J.Jgrd nnrl stringlcsR canning be.an varieties 
1;·erc t<'iilr<l for quality, agrouomic factors, and 
111nt11rit?l :Yicld rrl:itionship~. Results suggested that 
tl1t• so-callccl ca1111:11g off-flarom and stringlessness are 
rel a trrl. 

(u) Ji'rnil Uanui11!J.- \ ·111·ictal lrials of freestone 
pc:wl1l"' ftir ra1111ing- l1arc been concluded. Thero is 
r1·id1•ncc of - •q•1e ,·ariation in qnality from season to 
se:-1,nn. I l ak-han.:11, 13lackbnrn, and Success are 
-t1'011~ly rc.commruclcd to processors, and J. H. Hale, 
\" itcroy. Elbert:1 Dripstoue, J~lberta Cling, Gray's, and 
Fl'nga l' a1·<; also rlassifiecl ns satisfactory for canning. 
C'ool-storago tests clesig11cd to cxtrnd the canning season 
11·c·1·0 concluctecl with ,J. II. Ilale variety. Results 
,holl'c.tl flint fruit could be t'tored at 34- and 41° F. for 
th n·<' ,1·erks ancl then ri penc<l n t 6 ° F. to give a product 
of 1-(00tl qual ity. 

('hrmiral investigation of discoloration in canned 
ha nnna~ was co11tin11cd. It is probn ble that two 
scpnrnlr types of discoloration occur, and their 
111r•·l1anis111s arr being studie.d. 

l~reliminary work on the i111pro1·ement of canned 
;:olid paC"k npplc has been completed. Experiments on 
:1 1·11mmrrcial sc:ilc arc to be 11ndert11ke11 in Tasmania. 
°R(•romn,rndations for s_yl'llp conccntrntion have been 
rnncle for park~ of apple in syrup. 

)finor invrsti1?ations of problems related to the 
cm111i11g of aprirots, Ol'!lnge,1, passionfruit, pears. pine.
a pplcs. · quince~. rock melons. and berr,v fruits wore 
t•om pleted. 

(r) li'ruit Juices.-T,rn quality defects which grently 
r fft>d tho acerptn bility of rannecl orm,ge juice we.re 
i111·rstig-ated. The first is the bitterness which appears 
in processed juices from Washington Naxel and some 
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Valencin orano-es. 'l'\vo bitte.1· principles, limoni n and 
"substance X", have been isola,ted from. or_anges, 
mainly from the peel and seeds. The. const1tut1on of 
lii~onin is not yet kno,~n but ~t has been shown that the 
reactive groups compnse. an isolated ketone grou1) and 
two l actone groups, probably a., /3-uns~tur~tecl y
lactoncs. "Substance X" is related to hmonm as m1 

oxidation product. . . 
A sul'\'ey of nine orchards iu t he Gosford _di~tn ct 

provided fmthcr evidence on_ the occurrence of b1tt~r
n<•.ss in j uices from Vnlcncrn ora_nges sprayed with 
fungicides contai11ing copper. No bitterness \\·as detect
able in fruit from experimenta 1 vlots _at ~ulnura, thus 
confil'ming pre,·ious experience that this efieet of copper 
sprays is not c,·ident on young tre.es. . . 

The seco11<l defect in cn1111ed orni1ge Juice is its 
instability dul'ing storage, which l~ad_s to the appear
ance of " stale " f!:wours and s1gmficant losses of 
vitnmin 0 . 

These dctrirnental clta1wes iu fia,·our aud nutritive 
value have been °·(•11ernlly"'attribl1ted to oxidation. It 
has now been sho~•n, however, that tbe effect of oxygen 
is small all() confined to th.e. first few \\'eeks of storage 
while fr1•e oxygen rrmains in tl1c ca_n . Tllcrea!te,· 
anaerobic rcactio11s continue and are marnly responsible 
for the qunlity deterioration in canned orange juice. 

The effect of rootstock on the quality of canned 
orange juice was studied. The . r e_s_ults of one sea.s0:1-'s 
work indicate that. l'o111;irus tnfoliata rootstocks with 
h0th Valencia and Washington Navel oranges gi \'C 

iuices markedly superior in quality to the Rough Lemon 
~nd Sweet Or'angc rootstocks commonly used i~ 4us
trnlia. "Washington Navel ornnges on P . tnfo_halo 
rootstork nppear to give a juice that is free from bitter
ness at n9rmal maturity. 

(d) Oonlai11e·r I nr1•1-/ iy,il ions.-Tlte present acute 
tinplate shor tage has cmphnsizcd ~lie imporEan?e of 
the im·estiga tions on elcc:trol,ytic tmp1a te couta rncrs, 
which were designed to determine the. suitability fo r 
Au.•tralin n cairned foods of electro tinplate c:rns ()l'O

tected internnlly with lacquers of Australian origin. 
After ni11e months' in1·11btion at 100° F ., lacquernd 
electrotinplatc can!; co11tnining peaches, pcnrs, sweet 
corn, and tomato juice are performing as well as 01· 
better than ltot-dippecl t.inplate cans. 

The study o (' improved procedmes for nssessing Mn 
lacquer performance 11·a~ continued since there i., a 
real need for nccelcratcd tests under present conditions 
of fluctuating raw material supplies. An electro
chemical procedure for evaluating acid-resisting 
lacquers was found to be particularly effective in detect
inO' fabrication damage to lacquer :films. The" kidneys
in~brine" test fol' sulphur-resisting lacquers \\'as modi
fied to give greater re1J1·oduci.bility. 

More than 100 different lucque!' treatments have been 
tested on racnurn caps for glass contaiuers. No treat
ment can yet be recommended as completely satisfactory 
for highly acid foods containing sulpl~ur dio~idc pre
servative, but sowe lacque1·s ba.•ed on nnyl rcsm s show 
considerable promise. 

(e) Equipme11/.- l~erfonnau<:e data were obtained for 
the thermorotnry cooker by continuous measurement of 
temperature change during heating and cooling phases. 
The ra.tc of heating 11·as fou11d to i ncrease with increase 
in rate of rotation in the range 80-180 r .p .m., the latter 
figure re_prcscutiug the maximum capacity of the cooker. 
The temperature of liquids of low viseosity such u,; 
orange juice was raised from 75 to 195° F . in 80 
seconds as compared with 100 secoucls for the same 
temperature rise in vigorously boil ing water. The 
advantage of rotary cooking over the " still " coo], 
for viscous liquids was clenrly demonstrated. Tomato 
puree and pineapple pulp requirerl respectively 40 
and 50 minutes "still" cook to reach 195° F. from 

an initial temperature of 70° F . These times we1·e 
reduced to 80 seconds and 2.6 minutes under thermo-
rotation. · . 

The thermorotary cooker i;; mecllanica1ly s_1mpler , 
requires less floor space per unit. of out~ut, and 1s mor_e 
efficient than existing commerc1a~ equipment. Modi
fications of design to increase efficiency aud output are 
in band. The design of a pressure r?tary cooke~· ~or 
the production of canned vegetable.;; 1s also rece1vmg 
consideration .. 

(f) Ser·vice lo lndustry.-Durin~ the year com
mercial canned samples col'cring a ~v1de_ rnnge of foods 
were submitted to laboratory cxamrnat10n and report. 
Inquiries by telephone, letter, and in person amounted 
to 372 du r ing the same period. 

11. Dm.i,:o Foons. 

(a) l'egel.<ibles.--A survey was made of the equip
!llent in a ,·eo·etable dehydration factory and the way 
in ll'l1ich it ,;as beino- operated. and a <letailed report 
~ubm ittc<l to the ma~iagemcnt. ' An outline was also 
111·cpared of the buildings ~1_!d cquipmcn~ needed ~or 
c·o11.q)re:;.,ion and gas packU1g 011 a seru1-cornmercrnl 
scale. 

( b) /•'rwit.-At the request of the D r ied F ruits Pro
cessing Committee bulk samples of dehydrated fre~
stone and clingstone peaches have l)een p~·epared . . It 1s 
i11tencled that this material should be available to m dus
try on request to demonstrate the quality obtainable 
Ly methods re:ommencled by the Committee. I_t is also 
iutended to prepare samples of dehydrated apncots. 

The 1·ano•e of freestone peach Yarieties which have 
l10<m dchych·ated has bc,en extended and now includes 
.} . J L. J(ale, Blaekbmn, :Elberta, Success, Viceroy, 
Halchave111 and Gray's. ln the 1950-51 experiments 
a 11 except J . IL II ale were tested. Haleha ven proved 
best, but all gave a ,·cry satisfactory product. 

Tl.Le uHiquc stabilit'y of /3-carotene in dehydrated 
apri<;ot has been coufirmcd. Sample.; stored at 120° F . 
for six months, by ll'hich tiwe tl:ey were jet bl ack, had 
a tnrotenc co11tent comparable to samples stored at 
I 0° :F., al which tcmpcratnrc uo deterioration was 
detcc:talile. It 1ras shol\'n by special analyses t hat the 
pig111cnts from both lots ,rere identical with pure 
/3-c·aroteuc. 

.\ statement ou ·ti.Le Jel1ydration of apricots and 
peaches \\'as prepared for i.-sue by the Dried F ruits 
J)roces~ing Committee. 

( c) Dehydrated Sngured Prnit.-Additional experi
lllents l1avc con:fil'Jned the couclusion that this product 
J1as n longer storage life than ordinary dehydrated frui t. 
The potential storag~• life of dried fruit is almost 
entirely dependent on its sulphur dioxide content; 
a bout 2,500 p .p.m. are necessary to ensure twel,re 
1110nt.hs' .~tor age life for apricots or peaches. However, 
,d1en tl1e frui t is im.preg1111ted with sugar by steeping 
01·cl1ligltt in ~aturated syrnp and then dehydrated, only 
500 p .p.111. are required to gin, a •tornge life of at 
lt•ast tll'clve months. 

The chief factor;, i11Huc11ciug the qn::il ity of de
li .Yd l'/l ted sugnre1l fruit an<l its stornge life ha,-e been 
clemoJ1stratcd. They include fruit rn.nturity, composi
tion a11d temperntul'e of the stec•ping syrup, an(l the 
snlphu r dioxide and moisture content of the finished 
pl'oduct. l~xperim ents nre now in prngress to provide 
111ore pl'ecise data on sulphur dioxide concentrations 
and s_yrnp composition. The use of l ow methoxyl 
pectin ns a surface coating to overcome surface sticki
ness iu sugared fruit is being investigated. 

One practical rroblem arising from. the necessi ty, in 
to111me1·r ia 1 pr act.ice, of rn-usi ng the steeping syrups, 
\S the best method of adjusting the composition, co11-
ccntl'ation, aml mctabisnlphite content of tl1c used 
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$Yl'U)•. Anothet· i.s tbe effect of long-co11t inue<l re~use 
of the syrup on t.lte quality of the product. Investiga
tions lun·e been beo-un on these related problems. 

A statement on the prodnction of deh:ydrnted _sugared 
fruit 1ras prepared f9r issno by the Dned Frmts Pro
cessing Committee. 

(d) 1llecl,ici1uil Jnbes.-.\. 1:equest fol' ~nfo_rn,ation 011 
a suitable desio-n of dehydration tunnel for JUbcs neces
sitated experi1~um tttl drying to obtai1_1 essential. <la ta. 
Subsequently suggestions were 1~1ade ior tl~e design of 
a <lehydrntor capable of i11cl'ca~mg the dryrng rate. 

(e) ,1leal .-TJ1e produc:tion of ~locks of _compressed 
deh_ydrated mutton has been st\1<~1ed and 1t . hn., ~een 
sho"·n that under sui table cond1t1011s the dn cd mmce 
<:im be compressed into blocks without serious impair
ment of its·textnre. Improvements ha re also been made 
in the equipinent. and techniques used for gas Jlacking 
and in the cxa111inntion of samples after storage. 

Co111.prcssecl blocks and gas-packed samples, prepared 
by the improved methods, l1a1·c been used fo r a compre
l1ensirn storngc cxperintcnt ll'ltich is still in progress. 
The resul ts obtained .•o fnr indicate tliat gas-packed 
samples and ro111 prnssed blocks keep much better tha11 
dried mince packed in t ins in tl1c ordinal'y ll'ay. 

Dried mince can be serrnd in only a limited Jtll lllbcr 
of way.,, so that an altcrnatil-e forrn of dried rnutto11 
would be useful. Consequently work lias been done on 
the dehydration of slices of mutton. Preliminary tests 
haYc sholl'n tha t dried slices of good quality can be 
produced, bu t there a rc set·ious technical difficulties. 
The ra1r mntcrinl .is inlwrcntly 1·cry variable aud t.hc 
slices rnry c1t0nHously in physical and el1emical com
position. It also prol'cd diffi<·nlt to obtain slices suffi
cien tly uniform in tbicknc.ss. 'rite effects of slice thick
ness, cooking time, fat conteut., and tC'1t1perature on 
the drying rate hare been in1·estigated all<l all \\·err 
found to be important. 

J2. Fno?.BX F 1wns .\ i'.D VEGETAULI,~. 

Imeotigations ou the freezing of fruits aud vegetables 
a re <:ouductccl joii1t.ly with the New South Wales 
Department of Agricul tu re. The work is at preseut. 
con cerned J11ai nly with the te.5ting of locitl and intro
cluccrl rnrieties for thei r sui tability for freezing. The 
dis trict in which the crop is grown rnay affect the 
,1ua1ity of the ra,,· material and an attempt is beiug 
made to compare t ltc sa11tc varieties grown in se'l'ernl 
localities. 

Much inforrna tion Oll hamlling·, process111g, and 
freezi11g techniques is a,·ailable from overseas sources 
but i t i:; necessary to study these methods under 
Aust,ralian condit i011s befo1·e they can be rec-ommendcd 
lo the industry. 

(a) F1·11ils.- Thc C'xperimeuts ou t ltr freezing of 
freesto110 pcacl1 nnictie,; ha rr been cont inued during 
1950-51. lt. appca t·,; t:haL n 1tumber of eo111ntcrcially
gTown rn ricties Hl' l' ,atisfo dor_y for freezing. Wbitr
tlcshcd peach C's arc 1101: ns llttrncti \'(1 i II appen ra.nec as 
ycllow-Hcshecl \'arietics l)l) t thrir flarn11r i., gcnc~·n11y 
l'et'J' good. T o p1·cvc1tt browning of tbl' peach sl ices 
,luring freczi11g and thawing, it is 1teee.c::;ar.)' to aclrl 
asco1·bic acid. Further in formation has been obtained 
on t.hc optin111111 concett t l'Ution of ascorbiC' nr-id nnd 011 
the effect of adding citric ncid ns well. 

:Methods of incorpora t ing sug11r in fro?.cn fn1i t:s have 
been s tudied with bcny frnits, chcnics, npriC'ot.-;, apples, 
pineapples, pnssionfr11it. :rnd papaws. Differenl· 
1·aricties of sc1·eral of the,;e fruits 1111 ,·e been com
pared nnd the effc<:t or 111.at1ll' ity on th r quality of 
f11c l'l'ozcn produec ha,; T,0cn studied. 

(b ) Vegelables.- Peas m·c IJ_y far the most importa111· 
frozen YCgctable in ,\ nstrnlia and elsewhere, 1md mor<' 
time, tl1erefore, Las been dcl'oted to JJl'Oblems 11ssociated 
1ritb this product. 
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T he question of ,rnitablc varieties is still under inves
tiga tiou. A num bcr of comlltercial varieties examined 
appear to be ,,ery satisfactory. Trials haYe been con
ducted to determine the best .stage of maturity for the 
lt1.nrcsLiug of peas. Mc•thods of predicting and deter
mining the 1naturit,y of peas are being studied in 
(;onjunction ,ritlt ofHcer of the Canning Section at 
l fomcbusl1. 

Tltc cornmel'cial procedure of liarresting, threshing 
(" vining ") , and handling peas before freezing may 
a ffcct t;hc fhn·ou1· and texture of the finished product. 
lt has been found that the delay which often occurs 
hctll'een vining and proecssi ng has a pronounced effect 
on the del'Clopmcut of off-flavou1·.s a1l(l of skin tough
ness. Certain losses of sugar and ascorbic acid may also 
oecur. The extc11 t to 1rhic:l1 these chauges can be con
trolled l,y various methods of cooling after vining is 
being in vestigate<l. 

Studies on green an<l white asparagus indicate that 
frozen green spears gi re a cooked product which com
pare~ \\·e ll with cooked fresh asparagus. White 
aspn rngus i~ not satisfactory for freezing because of the. 
pcrsistcucc of tho bitter taste. Information has been 
obtained 01t losses in ascorb ic acid during the freezing 
and storage of asparagus. 

Expcriwcntal ,rn1·k 011 other vegetables-French 
bC'u11s, caul iflo\\'er, sprouting broccoli, Brussels sprouts, 
and swctt co rn-has been concerned mainly with 
rnrict.y testing, blanching methods, leaching losses 
du1·ing- processing, and changes during storage at 0° F. 

13. D1rnm Vu-rn Fnu rr. 

I 111·1·.stigutiom; on sultana drying \\'e.rc continued at 
1lte .\fo1·bci1t Sta tio11 and at the Nyah-Woorinen 
J~nquiry Corn111ittee'.s cxpedmcnt vineyard at "Woorinen. 
i\'ork ult o il l'll tlllsious for use in dipping sultauas by 
the colcl~dip process has been ext-ended to cover a 
~.Y~l<>matic study of the fatty acid esters a,nd sulphated 
!'a tty acid esters; it is prnposed to i nvestigate l ater the 
pt'opcrt.ics of compounds containing similar paraffin 
L' ii11i1ts at taehcd to othe.r polar groups. 

[ t !ins been sltowu that simple alkyl esters like ethyl, 
butyl, or amyl oleatc arn much more effective in hasten
ittg llrying thau triglyeeridcs like olive or peanut oils. 
, 'ul pltatrd alkyl olcates are usually somewhat less effec
l' il'C? tltnn the or·igi1wl esters in hastening drying, but 
11 rc• exccHc.nt wcttiug and emulsifying agents, and these 
propert ies arc of great rnlue in preparing a satisfactory 
dipping m ixture. 

Su itable mixtures of alkyl and sulphated alkyl oleates 
!tare gi,·en excellent re.suits in drying t rials. 

Th is wol'k ha s materially assisted the deYelopment of 
i1np1·0,·(•tl co111mcrcial dippillg oils, aud has resulted in 
r ,•p:el 11 bl<' oi ls being largely re.placed by prodt1cts 
prrpa1wl fro111 olcin deri,·ed from animal fats. 

Hulk l1ot dipping of sul tanas and gordos has been 
i111·P. I ip;:1ted fnrf·hcr. TTndc1· the excelleJ1t dryu1g condi
; ion~ preYailing last season, l ittle adviwtage 1ras gained 
i11 ,lrYi ng rntc by bulk hot dippiug sultauas as compared 
1·.-itl1 c·old dipp ing. Tt m1s shown that by suitably 
, 11lplt11ri 11,(t· sultnna prior to bulk hot dipping, "green 
ting•,." <·otild bC' eliminated \\'hile the fruit WAS drying 
nn tlt r racb. hnt. some difficul ty was experienced in 
1·011tro!Eng 1.lH• sulphul' dioxide content under corn
t11c•1·ci :1 l (•onditinns. Satisfacto1·y rc·ults were obtained 
i I tl1 r bnlk !tot dippinp: of go1·rlos with thr 200° F . 
c•n 11slir- sodn dip. 

S11h~tit11ll'~ fo r 111 incn1 l \lil in thr packing-hou~e 
t1·L,11l 111rHt of dried r ine frnits \\'C're agn.i11 t.he subiMt of 
i111·0sti1?n tion. Pre1·io11s work nt th e Merbein Sta.tiou 
sl101r!'rl tltnt 1·cfinr.d wg-Ptablc oil, such as peauut oil, 
ra n hr. ns<'<l if treated with n suitoble antioxidant sucl1 
n~ "N.D.G .• \.". 1t is pl'oposed to extend this work to 
i1wludr arlrlitional nntioxidants and othrr po~sibl0 
su·bsl'itutes. 



inrest1gat10.us are 1Jl progi·ess on the rot-p1'oofing of 
hessian for use in conne.xion with fruit drying. Results 
indicate that the cuprammouium process, copper oleate, 
peutachlorophenol, copper pcntachlorophenate, and 
D.D.M. all girn an appreciable measure of protection 
against rot. 

H. Wn-1c. 
The inrnstigatious directed by the Committee on 

Oenological Hesearch, which comprises representatives 
of the Organization, the Federal Viticultural Council, 
the Australian Wine Board, and the University of 
Adelaide, have beeJ1 continued at the Waite Agri
cultmal Research Institute. 

(a) Sherry lnves/.igalio11s.- 1'he effects of various 
factors OH the changes brought about in wine by the 
sherry flor yeasts have be.eJ1 further studied. Such 
changes are the results of both aerobic and anaerobic 
metabolism, the former usually leading to the accumula
tion of acetaldehyde in the wine an<l. the. latter leading 
to its rcmorn 1. Because the development of :flor 
character is associate<l with the accumulation of 
al<lehyde in tbe 1\'iuc, it is controlled by the. balance 
between ·the aerobic and anaerobic metabolism of the 
tlor film and is influenced by a wi<le range of factors. 
The influences of many such factor•s have. now been 
ascertained and recommendations based on these 
findings are being applied in the industry with promis
ing r esults. 

Some goo<l.-quality flor sherries l1a1·e be.en made in the 
l aboratory by rneaus of n percolation column packed 
with oak chips on which the fl.or yeast. grows. However, 
after extensiYe tests it was decided that neithe.1· the 
quality of the product nor the economics of the process 
made- the percolation colunrn more attractive than the 
traditional casl, process unde.l' industrial conditions. 

Two authentic cultures of £or yeast from Spain have 
been added to the collection and are being tested in t he 
laboratory mid in sernral wineries. 

(b) Wine I'ensls.-Testiug of the yeasts in the 
culture collection b,y means of laboratory fermentation 
trials has been continuc<l and a series of preliminary 
tests of all the will(l yensts in the collection has been 
comple.ted. From the results obtaiue<l, it is apparent 
that the yeasts differ considcrnbly in alcohol produc
t.ion aud completeness of fermentation. Those strail1s 
ll'hich appeared most. promising in the preliminary 
trin ls a-re now being subjected to more detaile.cl tests. 

15. D.\lRY PRODUCTS. 

(11) Tli e Uli/izalion of Skim-mill.: Solids.-Studies 
on the add ition of skim-milk solids to bread have been 
carried out a t the Bread Research Institute in Sydney. 
Skim-milk contains food e.lcments widely lacking in the 
Australian diet, aml .its arlcli tion to bread is one of the 
most satisfactory mcani: of supplying those elements 
where they arn mo~t needed. Although this investign
tion is not completed, s11fficien t progress has been made 
t:o allo\l· commrrcial ntili:rntion of the fiudiugs. Bot], 
11,nger fermentation time uncl smaller loaf volume, diffi
rulfes which accompanied tlrn initial attempts to 
incorporate skim-milk solids in Australian bread, haYe 
heen 01·<,>.1·romC'. This lrns been achieYerl by dryi11g a 
skim milk arlr.(]11atr.ly prl'heotrrl :rnrl eont a ini.ng a small 
proportion of glyreryl monostearatr and s11fficient 
potassium hromatC' to hriug the content in the flom 
near the legal rnaxiurnm. Tbe salt conteut in the. dough 
mix is slightl,y reducrd. Costs of milk bread may be a 
li.ttle higher tlrnn ,n:iter bread, but the difference is 
small in relation to the g re11tc.r nutritive value, and with 
appropl'iate promotion it sho11]d he possible to use these 
r esearch findings to the benefit of the Australian diet. 

Of the ot.hcr possible uses of skim milk as food. 
att.e.n tion Jrn5 been co11centratcd on the conversion of 
ski m milk to products cnpable of r eplacing eggs in some 
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of their more speciafo:ed uses. An improved. egg
ulbtuncn substi tute has been developed and tested. 
Comm<:'.rcial-scale production is to be undertaken 
short.!y. Work is proceeding on .the manufacture of _a 
product to take the place of eggs 111 sponge cakes. ~t 1s 
not anticipated that all the egg can be successfully 
replaced, but, if the present obje.ct.ivc of 50 per cent. 
rcplaccme 11t is attained, it will give considerable 
e<'OllOD1i(; gains. 

(b) l\'eed 'J'ai11/1, in Butlcr.-Studies on weed taint 
in <lairy product.s l1are bC'.cn terminated for the p resent. 
R eports on the two u1ajor lines of work, the isolation of 
tlic substance r esponsible for Ooron opus taint and the 
cl u<: idation of tho illechanism of Lepid·iu1n taint, h ave 
been pre pared for publicat ion. For neithel· taint has i t 
l,ccn JIO~sihle, from the understanding we now have of 
the cl10111istry of the flavours, to develop methods of 
arn irling the t:ii11 ts 011cc the. co11·s cat the weeds. Agri
<'11lt1trnl 111<•asu res to elirniuate the weeds must provide 
I h(• solut ion to t.hc problem. a t the same time, it is 
pos~ible, 11011· tha t the clicmistry of the taints is undex
,.tood, to w:i 1·r Ji for rk xclopments in chemistry or pro
('u~siu~ tc<·lrniq11c which may permit removal of the 
t11 iuts fro1J1 en' nlll or butter fat. 

(1:) 'J'esl-i11g of Gon linuo11s Butler Processes.
Trials of the " N ew Way " p1=ocess of butter-making, 
con<lucted on behalf of the :\nstl'aliau Dairy Produce 
Board, were co111plete<l and a report prepared for publi
cation. While the general quality of the butter was of 
a h igh standard, 11 tendency to split or crack detracte.d 
from its appearance. Keeping quality of tl1e butter 
was particularly good. 

Oosts o f manufacture by the " N ew Way" process 
ll'ere a l ittlc- below those for normal churning. 

C'losc co11t11ct has been maintained with the develop
mc1J1·. of or.her now bn l:ter-rnaking processes in the 
l ' nitcd St11tc~s 11nd elsewhere. 

(d) Oxidized fl'lwcour in Uair.y Products.-With the 
cornplction of the report on th~. effect of light on milk, 
In borntory stn<li.es 011 the effect of copper on the flavom 
of milk were under taken . These have led to simila1· 
fi 11diHgs, the resu ltant oxidized flavour being found to 
be 11 blend of flarnurs p1·ocluced in the fat and in the 
non-fa t eonst:tuents of the milk. In contrast to r esults 
obruiiwcl ill t he United States of America, in all cases 
whl'l'e the A111·01n· has l>t•.en affected the butter fat has 
l)('ei1 fo 11 nd to br both measmablv oxidized and altered 
in fhirnur. .Prornjsing 1·csults a 1~e now being obtained 
in the isolat iun of the substances responsible for 
o;,,jdized :611vour in milk. 

. \ ppliP.d st,udies wC're al so untlertnkeu in this field. 
111 _c·on.i unction with the Virtoriau D epartment of 
,\gr :('11ltu1·r a ~m·Yey "·as made of the incidence of 
oxiclizcrl fforours in whole milk as consumed in 
?lfelbourne l1omeholds. A majority of samples was 
fo1111d to be affected in some degree, and in about one
o,11:1rtC'l' of tl1e samples tl1e flavour was strono-. Com
parisou :ri th M1mples taken direct from pasteuriziu~ 
and bottlrng plants showed that thP flavour arose almost 
r !1tircl.v from exposure to light during or after distribu
tton. 1'he. 1·c~11lts 1rnve been reported to the milk 
distributing industry. 

(/>,) ll!i11P1'((l Sedim ent in S wrelencd Condensed Jvli lk . 
- Stud irs 0 11 tl1is d1•fect of sweetened co11densed milk 
wi>rC' r om pletcd and a r eport. har-; heC'n preparrd for pub
licR ti(l]1. J3y the 11 1>e of low stor11ge tempt>r aturc-~ thr> 
tl'Ouhlc- may h,, a ,·"iclc-d . 

(f) ('1, ,.,ese Fl." r•our. :-- Pr~liminary imestigatio11s 
haYP been macle m the isolation and identification of 
the flaY0111·ing substRnces in Cheddar cheese. 

(g) Ch eese Starter Oitlhi.res.-An officer has now 
r>ommencerl wo1·~ 011 tl1e ~rneral problem of providing 
for_ th e C'l1C'rsc mdn~try 111 Aus tralia sta rt.e.r cnltmes 
which arc bo th n•l ia ble ,m d of sufficient activity to 
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reduc:e app1·eciably the: total time taken for chc;ese 
~anufacture. Besides studies of the biochemistry and 
biology of cheese star tel' acti rity, modi fications in 
starter propagating cquiprnent are beiug undertaken 
to mec:lrnnizc as far as possible this pa1·t of the cheese
making process aud to diminish the chances of bacterio
phage infection of the starter eultures. Close contact is 
being main tained with tlir Stntc De.partrnents of 
1'.gricu l ture. 

( h) Ex/.raneo us Nall.er i,11 Da.iry Products.-T he 
testiug of manufactured dairy products for extraneous 
matter ( iusect parts, hairs, plant material, &c.) is 
widely practised in tlic U nited States of AmeJ·ica and 
Canada, but had never bEiea unde:·taken in Australia. 
With the export of dried milks to Nor th America, and 
tLe use of Austrn lia11 butter i1t British foods expor ted 
to the United Stutes of A merica, attention has had to 
be directed to tbis aspect of cleanliness in om daily 
products. To provide a gc1w rn 1 pictme of A ustral ian 
conditions and to develop suitable methods, work in tl1is 
field was initiated hy tl1e Section . The resnlts are. 
being repoi· ted to tl ie industry and to tl1ose G-01·er1unent 
Departments wl1ich will be co11c•cn1e<l witb the regular 
control of extraneous matter. 

(i) Other lncesligat1:011.s.-The rciationship between 
compositiou of s"·eetene<l condeusetl milk and its 
refracfo·e i11<lex is being determined for milk manu
factured to _\.ustralian standards. F igures at preseut 
availab1e apply only to the J\mcric11n product with !I 

<li-fiercnt fat/totnl solids ratio, 1rncl cmmot be used in 
control of c:omposition in manufacture in Australia. 

The flayo nr of tea made with reconstituted dried 
whole and skim milks lrns been tested. For use by th~. 
Armed ScrYiccs thr skim milk would have considerable 
advantages in case of pnckaging 11ncl good kcepi11g 
qual;ty, and wnulrl be csse.ntially equivalent in food 
value. 

.xnr. FORE-ST p H.ODlJCTS. 
1. GENERAL. 

To make possible the most eftective utilization of 
Austral ia' s forest resources, the Organization concluc~s 
investiga tions into the properties and methods of 
treatment of .Australian timbers. This work is curried 
out mainly by the Division of :Forest P roducts, which 
collaborates with Commom1·calth and State forestry 
authorities and with similar laboratories in othc~· 
countries. 

\Vork in t he Di 1·i~ion of Eutomology, (.;anbcrra, on 
timber pests is described in Chapter IX., Sections 11 
and 13(d). 

Division of Fore.;l J-'rod11cl s.-Tlic work of tl,is 
Division during the year is out.lined iu the re111ainJe1· 
of this chapter. 

T he timber industry in Australia lias opcrnted nt 
a high level during the year and lias met the bulk 
of t he expanded timber requirements, a contribution 
a11 tl1e more important in view of t.l1e increasing· di{li
cnlty of obtaining suitable timber from oversefls ancl 
the greatly increased prices and freight charges 
entailed. Requests for atisistance from tl1e Division 
of Forest Proil.ucts have, therefore, been heavier than, 
ever , particularly in connexion with sawmill <lesi,1·n 
anrl operntion, seasoning kilns and plant layout, pres~r
vatiou of timber, the peeliug of new species for ply
wood, and wood waste u tilization. 

The shortage of durable t imbers is being increasingly 
felt, particularly with sleepers and poles, and in so111e 
States pit props, house blocks, aml similar material 
ore in sl10,-t supply. Laboratory an d field tests of 
poles and other round timl)ers have ampl_y demonst.ratd 
that less durable species. properly treated, can give 
excellent service. .Supplies of suitable material f pr 
treatment 11 rc available, particularly in the regrowtl1 

eucalypt forests, so that the main requirement now 
is the installation of treatment plants at suitable 
localities. 

An important overseas conference held dlll'ing the 
year was that of t he Food and Agriculture Organiza
ti011's }1orestry and Forest P roducts Commission for 
Asia anJ the l)acific, held in Bangkok in ,October, 1950. 
T11is conference was of particular interest to Australia 
uecau$e the grading and nomenclature of Australian 

. timl.,ers and many timbers imported into Australia 
were under discussion. Australia was represented by 
an officer of the Division of Forest Products, wh-0 was 
able to show that many of the standards proposed did 
not conform to L'l..ustralian practice and would, in fact, 
be detrimental to our industry. The proposals a rising 
from two earlier conferences were modified, but the 
experience has drawn attention to the danger that 
may result from Australia's not being represented at 
such conferences and not playing its full part in tech
n ical collaboration with countries to its north. 

Within A ustralia the annual Forest Products R e
$earch Conference and the annual Pulp aml Paper 
Co-operatfre Research Conference were again held at 
t.he Division's labor.atory in October and November, 
1950, respectively. The Division was well represented 
at the Fifth General Conference of the Australian 
Pulp and Paper Industry Technical Association held 
at J3urnie, Tasmania, in March, 1951, and five papers 
were contributed. Two officers ,of the Division attended 
the Eastern States Timber Industry Stabilization 
Conference held this year at Realesville, Victo1·ia. 
In addition to contributing papers, the DiYision was 
host to the Conference for a day and a comprehensive 
inspection of the Divisi-0n's activities was made by 
some SO delegates. Visits to the Division were made 
by many other groups, including members of the 
Victol'ian State ComJnittee of C.S .I .RO. and the 
Building :Research and Pevelopment Ad,,isory Com
mittee. The total attendance at these tours approxi
rnated 400, to which must be added the very large 
num.ber of people who were shown individually the 
DiYision's work. 

The demand for training in the Divisiou increased 
appreciably during the yeal'. Two visitors from Thai
land al'e studying plywood manufacture and a 
U.N.E.S.C..: .O. F ellow from tl1e Philippines is studying 
wood structure. Officers of the F orest Services of 
Malaya and Pakistan returned recently to their owu 
couutries after working in the Di vision, the officer 
from Pakistan being a U.N .E .S.C.O. Fello,Y. .Another 
oflfoer of the Malayan Forest Service i s expected 
shol'tly. Representatives of two large Australian 
companies have worked in the Division, one studying 
woorl and :fibre structure and the other the utilization 
of bagasse for building boards. nn omcer of the 
Queensland Forest Service spent two weeks in the 
Division investigating the latest developments on 
prcsei·vation, seasoning, and mill studies. 

The courses in forest products for forestry and 
n rchi tecture students of the University of Melbourne 
were continued and 38 students from the Australian 
Fo1·estry School, Canberra, spent ten days in the 
Di,·ision at lectures and demomtratious. Lectures 
were also given by officer~ of the Division nt the Vic
torian F orestry School, Creswick. The demand on 
the D ivision for individual lectm-es was greater than 
ever nn<l suitable talks were given to professional and 
technical instit utions, colleges, terhnical sehools, 
branches of unions, and Church groups. 

During the year the Division co-operated with the 
O.S .I.R.O. Film Unit in the manufacture of a 16-mm. 
film, " Science and Wood ", which shows the equipment 
and activities of the Division and will be of great 
assistance for external lectures. 
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'l'he Di vision has always received large numbers of 
inquiries and during the year these increased by some 
35 per cent. to a total of approximately 7,0uO per 
year. To reduce interference w1th research activitw~ 
an Information Otlicer has been appointed to supple
ment the organization already buut up for 11anct11ng 
requests for information. 

'!'he Division provided exhibits for the ltoyal 8hol',, 
llielbourne, in September,. 1950 ; the 'l'wentioth 
Century :h'Lechanical .Exhil.,ition in October, 1950 ; the 
Centenary and J ubilee Exhibition in 1\1arc:l.t-Ap1·ll, 
1931 ; and the Building Research D isplay orga111zetl 
l.,y the Building Research Liaison Service, which visited 
Sydney, Melbourne, Per th, Adelaide, and liobart and 
is to visit Brisbane. 

The help and co-operation of tl.tc paper coU1panius, 
the OoDJJ:Uonwealth )!'orestry and Timber Bureau, the 
8tate Forest Services, the :New Guinea .Forests Depart
U1ent, and of all branches of the timber and allied 
industries are gratefully acknowledged. The help 
giYcn this year by industry took tangible form ~u 
providing the funds for an electron microscope wbic1J 
hns been placed on order for t he Division. 

2. WOOD STltUCT U.R..E . 

(ci) Anatomical Inuesti_qalions.-Thc continuing 
study of the anatomy of various timl.,ers from :Malaya, 
Borneo, and N cw Guinea has proved of considerable 
value because of the large number of timbers from 
these regions now entering Australia . A card sorting 
identification key based on macroscopic features only 
has been prepared for North Borneo timbers, of which 
some 160 species have been covered. Of particular 
iu terest has been the examination of the auatomy 
of tho now genus Eucalyptopsis ·white, of t ho family 
Myrtaceae, and of specimens from New Guinea and 
Indonesia placed botanically in tho genus N olhofcigits. 

( b) ()ell-wall and Ji'ibre St11dies.- ( i) Spiral 
'.l'hiclcen·ings.-Previously reported observations re· 
lating the inclination of spil'al thickenings in t racl1ei<ls 
of Douglas fir to coll length have been confirmed by 
the examination of specimens of yew; in both specie., 
t·he number of turns of the spiral per cell increased 
with increasing cell length. The resul ts obtained poin t 
to the importanee of the cytoplMm in iJ1fluencing the 
development both of the::e thickenings :md of rlie 
rnicella r system of the cell wall, which is a majot· 
fncto r governing the properties of the wood. 

(ii) C.ell Di11ision in. ilie CCl'lnbimn-'.l'he Formation 
of Compression Wood.-It lias been sltown that the 
formation of compression wood in conifer stems 
imoll'Os an increase in the number of anticlinnl 
divisions of the fusiform initials resulting in a decrease 
in the aYerago tracheid length. Similar observations 
haYe been made in stems where there has been a sudrlen 
change from narrow to wide growth t'ing•. The rrsni,s 
demonstrate that at least some of tl1e undr~i rnblc 
properties of compression wood arise from the changed 
growth rate which accompanies its formation because 
the increased radial gr owth rate, through the accom
panying cl1anges in cell length, influences micellar 
organization in the cell walls and thus wood properties. 

(iii) Fine Structure of the Xylem · Pcwe11chy111(1, 
Oe/Zs.-X-ray diffraction, examination of crusl1cd iso
hi.tecl cells, polarization optics, and the examination 
of material affected by fungal attack lrnve been used 
to demonstrate that tl1e micellar organization of the 
secondary w:ill of these cells is of a continuous spiral 
natnre and that the angle i s large in relation to the 
longitudinal cell axis. Tn certain species the inter
cellular material is ellormously developed in medullary 
ray tissue. Extremely thick secondary walls made up 
of n number of individual layers liaYe been observed 
in certain parenrhyma cells of Dialimn lcmrinm. 

(iv) Variation in, Gett Lengi-h.- vy i thin any ?M 
stem it has been found tllat there 1s a correlat1ou 
between cell length and radial growth. r at~; t~ere is 
eri.clence to indwate a similar correlat10n rn d1tterent 
stems of the 0110 s•pecie.,;. Thu.;, in general, a faster 
radial growth rate is accompanied by a lower av~rage 
cc-11 lelloth and a slower radrnl growth r ate by a higher 

o , ·11 t . a rei·age cell length. This is part1eu a1: y . m erestmg 
iu 1·ie11· of the 1act th aL cell length w1thm any 011e 
stern has been demonstrated to be correlated with 
t:c1·taiu physical and mecl1anicnl p~oper ties. O?ser
vatiolls ha\'C shown tlrnt <:er tam trees of a 
specie.; Larn a comparatirnl.)' high cell . leng~h 
in the first o-rowth rino· from the pith m 0 0 , 
comparison with other trees of the sarue species ; more-
O\'Cr the cell leno-th increases nornially at the same 
rn te 'in both cases° so that a tree with a higher initial 
cell length maintains a higher cell length t_here~f~er . 
These 01.>serrntions may prove of some YaJ ue m u tiliza
tion because of the demonstrnted r elation between 
ll.'ngtl1 aud properties, and in the fieltl of pulp and 
paper mauufacture, where high cell leugth is a d~sirable 
foatul'e. Expe1·iments, therefore, are being earned out 
in co-operation with the Commonwealth Jforestry and 
L'imbcr Bureau to determine the extent of this high 
initial cell length in var ious trees of pine. Tree8 found 
to be satisfactory as regards both ini tin l cell length 
aii d other factors will he used as parent trees. 

(c) .-Jtrnclure in Relation to Pro17erlies.-(i) Sap
wood-lleartwoocl.-In tho continued investigation of 
the changes which occur when sapwood is transferred 
into hoart,\·ood, attention has been paid to the factors 
causing the death of medullary ray and r ertical paren
chyma cells. In a nuiuber of selected species represeut
i11g /Hteen genera of differen t families death of these 
cdls has boon sh own to be closely associated with the 
presence of fungal hyphae in the bea1't1Vood ; in only 
two genera was a dark-coloured heartwood observed 
without fungal hyphae being de tected. Clusters of 
crystals of characteristic colour and shape have also 
bC;en n oted in the heartwood of rnany species and, 
because of their association with fungal bypbae, t heir 
presence is considered indica tive of the presence of 
fungal bypltae. Howel'Cr, a lt.hough observed to be 
com111011.Jy present in the many species of the genus 
h'11caly7;/11s, the association of these crystals with fongnl 
hy phae in this genus has not yet been defini tely estab
li1'hed. Ohrornatographs of the mater ials ext racted 
from tltc hca i·twood and bark of different genera are 
being studied. In those species in "·hich heartwood 
i, not normally produced, no tannin bas been observed 
in the ray cells of the wood and these cells niay be 
nlfre to the very centre of large trees. In other specie~, 
wlicrc the heartwood is found only as a small celltral 
:irca surrounded by a very wide sapwood, the tannin 
appears to accumulate in the rny cells during tbe life 
of the tree and the older ray cells at 01· near the 
centre _ma1 be filled \1·it_h such tannin materi:11 although 
there 1s little present rn the cells near the outside of 
the tree. · 

(ii ) Thermal E ,.:pansion.-It 1rns been s110wn thnt 
r~ianges in this pr~per ty oce11r in surcessive growth 
nngs from the pith outwards in conifer stems. 
?ariations hav_e _boe11 i.1westigated i1~ normal stems, 
m stems contammg compression wood and in stems 
which have und~rgone considerable clrn'nges in growth 
rate. Both shnnkage _anc~ thermal expansion depend 
on the cell-wall orgamzat.1011 and varv wit.lt cha1JO"cs 
in cell length. · "' 

(Jii~ Sh1:inkaq~.-Preliroinary res11lts show tliat 
vanat1_011s m. shrmka.!?'e from the pith outwards also 
occur 111 alpme ash, the longitudinal shrinkao·e bein" 
p.'l'eatest at the centre of the tree and decre;sino- t~ 
t he outside. Conversely, the tangent ial shrinkage 

0
was 

~mallest at the centre and greatest at tl1r 0utside. 
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fhese variutions a re ngain co1Telated w itb cell lengtl, 
and cell-wa1\ organization. 

( cl) Inorganic Inclusions in Timber.-_( i) Silica.-:
The sur vey of timber species containing deposits 
of silica in rnrious ce1\s has been completed 
and the results brotwht to.,.ether for publication. }Lll 

examination of t imb~rs re;orted to be siliceous from 
British Guiai!n wns carried out at the r equest of the 
Conserni tor of Forests. Quite a number of the species 
subm itted belonging to the Rosaccae an~ Lecythi<lacr-ac 
11·crc found to contain comparafo·ely h igh percentage~ 
of silica . T he exact reason for the r esistance of 
siliceous timhers to teredine attack has not been 
established but work is being carried out in conjunetion 
with the Zoology Department, University of Melbo;,11·1it . 
ou the mechanism of digestion in these borers. 

(ii) Ccilcimn Oxalate.-X-ray methods have been 
usecl ill the examination of the n atnre and occunentc 
of calcium oxalate deposits in wood t issues. 

( e) I dentificat·ions anc~ I dentificntio11, Jl'[ etl1 ods-:,
Idcntificati ons made clu rmg the y0ar totalle.d 11:.,0. 
These included numerous timber species from New 
Guinea which were exmnincd and clnssific•d to assist 
botanical determinations. A second lot of 100 sets 
of the card sortino· i dentification key for commercin l ::, . 
Australirm timbers has been nrnde up and many of 
them have been d istributed. T he policy has bron 
adopted of distributing t hese sets to schools and timber 
fir ms where woodworking instr uctors and others haYe 
been tauo-ht l1ow to use the key to best advantn.gc. 
W ork ha~ continued on t he various t imber speciP.s of 
the genus E11calyptus lmt the revision of identinr,ation 
methocl1, of these species is not yet romplrte. 

3. w OOD C11E?IUSTRY. 
(ct) l.A{/llin. rrnrl Related Co11ipounds.-( i ) Jl,[t>.t.lwnnl 

Lignin.-Pnper par ti tion chromatography u1 Yarious 
solvent systems has revealed tlrnt mcth:mol lignin ;,, 
heterogeneous in that it contains r elated m aterials, 
such as alclel1yde and ne11trnl degradation pr oducts, 
wbicb ar e adsorbed on the precipitated li!rniu. 
E xper iment!" have led t o the conclusion that " native" 
lignin for rhcmical study wonld best be isolated by 
a method i1wolving chromatogrnphic pnrification. 

(ii) A ldehydes _from . E11calypt Ligni11s.-The 
al dcl1yde mixture from nitrohenzcnr oxidation of 
eucalypt woods contains. in addition to vani1liu and 
syrirni;nldeh,vdc, a third metbox:vl-frPe a 1dehydo in 
smaller amount. Thi~ aldehycle has been isolated by 
a $Olvent rxt1·act,iou method, pul'ifie<l in n " rhromato
p ile " , and iden tified as ?J-hydroxvhenzaldehyd". 
Seoarntion of the lntter from vanillin and from 
syringaldel1:vde by eounter -cune11t distribution metl1ocl~ 
has lJeell effected in accorcl wit.11 tlworntirn l prcdict.ior,s. 

(iii) Jl1ethylrrt·ion of .Mel:ho11ol Liqni11.~ Control 
exper iments on substance~ of kno\\.'n eon,;titution lrnvc> 
shown that the choice of 1'0lvP.nt ran affect t }1e _yield 
and natt11·e of the p roducts of cl in>:ometlrnne rnetl1y
lation. Methylation of mcth:mol li1mi n~ obtained :it 
various ~ta_ges h ns rnsnlted in n 1rialJle meth ox~,l 
contents. 

(b ) Polyaldrmronide A ssnr:ioterl wifh l liqn·in.
Conrlitions for t.hP rxtraction an<l recovcr v of 
p nlva l<lo1n onide from nwthanol-cookerl mountaii1 11.;h 
( Rvcalypfus re_r,nnns) woon. lrn,,c heen determined 
exnerimentally, and tlie most Slli tabln exti-action is 
with watrr nt room temnerntnre over a neriocl of 24 
hm1rs. 'I'hr rxtract may be concentr aten. under vncumn 
witl10ut drgradation p rovider] tlint the temprratur0 
dc:es not c>xcer<l 4-0° Cl. Prr.rinit:iti on from a nent1·al 
unconcrntratrd ~oln tion rflottires nn eigllt-fol rl onan titv 
of !)9 l)CI' rent. eth an ol. l3est rn~ults lrnw bern obtained 
at pH rif c. 3.7 in 80 per ce11t.. ethanol. 

( c;) Wood JI yd1·olysis.-Hydrolysis experiments in 
a percolator in 2 per cent . sulphuric acid at 160° C. 
have shown that normal wood of mountain ash 
hydrolyses more than twice as fast as does tension 
w0od, tlrns confirming that all the cellulose in tension 
wood is more highly orientated than in normal wood. 
There is also much more resistant cellulose in tension 
11·ood. Early wood and late wood of mountain a~h 
hydrolyse at approximately the same rate. No 
systematic trends have been r evealed in the rates of 
hydrolysis of bu tt, centre, and top log samples from 
thP outer heartwood zones. 

(d) General Wood Ohemistry-(i ) Representati,;e 
a11rl J?eprod1ic,ible Srimples for Chemical l11'/}esligat·iv11 . 
--Stati8tical investigation of the analytical data 011 

H(J samples collected under this project has shown 
tl,at tl1c species sample was adequate for estimating 
tlie required size of future sampling p rogrammes for 
rnount::iin ash. The data have been used to prepare 
cmvcs from which may be calculated the number of 
trees required for a r eprodncible sample whose 
" species " mean for a particular chemical proper ty 
i~ wit.hi11 chosen limits. The procedure Jia~ been lairl 
down for collection of a sample which will bP. 
reprernntative of the species. 

(ii) Chlorife .lfoloce1l1ilose.-lnvestigation of the 
influence of temperature and ch1or ite dosage on th<' 
l10locellulMe determination has led to the development 
of a two-stage method which will give satisfactory 
anrl reproducible results. The optimum temperature 
is 70° 0 . T he fi r st stage of the method invohe~ 
1reatmrnt with 120 per cent. sodium chlorite over 2 
hours. The c:hlorite dosage in the second stage varies 
from 40 to 120 per cei1t., and tl1e time from 3 to 5 
ho11l's makin "' the total time for the analysis from 
iU t~ 8.5 ho~1rs depending on the lignin content of 
the wood. 

(iii) Colorimetric. Def P.rrninat·ion of FiwfMal by 
8pect1·ophotometry.-Two methods involl'ing measure
men t of the optical densities of coloured furfural 
complexes have been investigated. One involvfop; 
the furforal-snl phona.tcd a-napht.1101 complex p:ave 
sufficiently encouraging r esul ts to warrant further 
investi!ration. A si milar method for the determination 
nf uro~ic acids is being sough t. 

(iv) Pwntosan Contents of Some Bncalypts.-
Pentosan d('tenninations on samples of jar rah, 
lrnni, aun. Western Austral ian blackb1.1tt showed JIO 

apnreciablc difference between samples from pure and 
1nixed fo1·ests, and also that the species fell into three 
rlefiu ite groups, .iarrah lrnving the lowest pentosan 
C()n te11t and lrnni the l1ighe,t. T hese resnlts con£rm 
thMc obtained nreviously an d show that in cases of 
do11ht. iii identi6cation tl1e pentosan determination 
1•0 11 ld h(' of rissistance. 

( e) Eucalypt Kinos and 1'annins.-Sever11 l e11ral_ypt 
kiuos nncl commerrial tanninir agents have brPn 
rxaminerl b~, paper partition -rhromatograpby and 
$hown to be l1etcrorre11eous. Two of the comnoneuts 
of thr kiuo of marr i (E. calovhylla) have hr.en ii;()]ated 
nnd identified ns aromadendrin (3,4'.5.7-tetrali_ydroxy
flavanone) and kaempferol. The examination of 11 

third component is continuin/!. 
(f) Pulr; nmd Paper Tnvesfinaf.ions.-(i) Vrrrintion 

nf Pulv Prove1·!ies ?l!illiin o Oros.~-serfi01~ of .Rn~-i.~ta 
Pinl'.-At ronRtnnt valnes for total alkali. ~ulpb1cl1t:v. 
f! lld liquor ratio, wood from the fir~t twrlve anm1al 
rings bas bcC'n com1crted to pul n of a spe<'ified nr>rman-
2'anatc number bv varying tlie time of enokinp: AS 

detm:minrd by ni1ot cooks on each 1·ing. The m1lp~ 
Rn ohtiiined and ben <'e coriked to the same OPl!ree. 
:ll'e lwinp; ~,a 111llted for the pnrpo~e nf rm·1·c-lnl.in~ 
Mren rrt.h proncr t ieR with fibre lernrth. fihre diameter. 
:incl otl1er l)l1vsical clrnr acteri~tics which have been 
cl0ter mined h;v' th e Section of W ood Strncture. 
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(ii) Permangana/;e Number.- Two methods fo r the 
determination of permanganate number ha,·e been 
investigated over a wide range by application to foui· 
eucalypt kraft pulps aud by varying the arn ount.s of 
the rnagents. With both methods there was a straight
li ne relationship between the amount of permanganate> 
added and that consumed by the pulp, provided that 
the amount ndded exceeded a specified minimum 
quality. 

(iii) Jnfi11ence of Electrolytes.- The practical value 
of sodium hexametaphosphate lrns been demonstrated 
by its application in the development of beater curves. 
With both long-fibred sulphite pulp nnd eucalypt 
kraft strength properties for the unbeaten pulp wore 
enhanced allCl beating was accelerated. The artion 
of sodium hexametaphosphate as a dispersiYe agent 
has been illustrated by adding this r eagent to the 
pulp after the latter had been beaten. Strength 
properties of tlie handsheets were greater than tl1ose 
of sheets made from the untreated beaten pulp. 

(iv ) Beater Addit-ion Agents.-Of tl1ree addition 
ap:ents of the wetting type wl1ioh have been investigated 
"Lissa pol", non-ionic, r etarded the deYelopment of 
pulp strength properties, " Comprox ", anionic, had 
little if any influence, bnt "Triton F ", cationic, 
enhanced their development. 

(v ) La.mpen Jlfills.-The comparison of the 
performance of various Lampen mills has been made 
on long-fibred and eucalypt pulps. In addition Lo 
the comparison between mills owned by the pulp and 
paper companies and by this Division, extensive work 
has been done in comparing mills wl101ly or partly 
made in Australia with tl1ose owned by this Division. 

(vi) T ear Testers.-Four sectors wl1icl1 are now 
available with the Dynamic tear tester have been 
compa1·ed with handsheets of various basis weight s 
in order to determine the working ran,ge of each sector, 
ns well as to obtain dflta on their performances. A 
very ligl1t sector 16 t imes as sen sitive as a standard 
sector and intended for use in fundamental studies 
on sheP.p properties has given highly satisfactory 
results. Thr. design of a suitable pointer t o be usad 
in coniunction with this sector is still being 
investigated. 

(vii) }.{J.T . Folding End1irance. Testers.-
Exnerimental work on these testers has been continued 
with the object of l imiting variance of mec]rnnica 1 
origin. The cause of high first 1·endings bas not yet 
been revealed. 

(viii) Inspection a.nd Testing of M annfa.ctm·cd 
E o11imn.ent.-T wcnty-four tearing resistance tester s, 
manufactured by ~n Australian company, have been 
inf'nccted imcl calibrated by the Dfrision before 
del ivery. The maioritv of tbeRe were for overseas 
rmrnignees. mainly in the United Kingdom. but also 
in Sweden imd the United States. 

4. TrMBER PnYsrcs. 

(a) Physica.l Propertie.~ of Wood and Relat<'d 
.Mnferinls.--The shrinkage and density of additional 
Australian nnd New Guinea species linve been measured 
and a sturly of the stanclard methods of shrinkage 
dntermination continued. This $tudy . included 
compa1·isons of the observed volumetric shrinkage 
with thnt calculated from linear sbriukn.a;es, and of 
tl1e s11rinkMe of specimens of standard size with tlrnt 
of sma 11 thin snecimens. A. study of the plrvsical 
nropertiPs of wa11boards has been continued with thr. 
ohi er.t. infe.r rr.lia. of sta11dardizing testing mpfoods. 
This ~vork included water immersion tests at different 
tPmpera.tures, shrinkage te'lts. a study of capillarity, 
nnd thP determination of the rolationsl1ip hrtWPPll 
electrion 1 1·esistnnco and moisture content. 

,i.pparatas has been assen.1bleu for a stu<ly of the 
mechanism of sorption of water by wood. Preliminary 
tests have been made to study the variation in the 
shrinkage intersection point from ear ly wood to late 
wood. 

The thermal conductivity and specific heat of 
standard :ind tempered " Masonite" h.aYo been 
measured. The error due to the :fini te beat capacity 
of the thermocouples has been investigated. The use 
of electrical analogues for the inrnstigation of certain 
error s in tl1c equipment l1as been studictl. ..l new 
apparatus using a different principle has been 
c011Structe<l fo1· mc11suring thermal c·ondnctivity to 
obtain a d1cck on the accur1-1cy of the existing 
equipment. 

Tests a''l' in progl'ess to determine the way in which 
t.he clertrical rr.~istnnces of typica 1 species of t imber 
va-ry with moisture .content, ternperature, anrl g rain 
direction. Specimens fron1 fil·c trees each of myrtle 
bee?h, tallow wo·od, and hoop pine arc bei11g tested at 
moisture coJ1 tent5 from Oto 20 per cent. at temperatures 
from 20 to 80" 0. "Preliminary tests ha,·e been carried 
out on myrtle beec:h specimens to find the be5t method 
of rPsistai1cp measurement. 

'The me of the electrinal r esistance moisture meter 
for mcasuri11g the moisture content of p lywood sheets 
has been investigated. An experimental press was con
strncted to drive nec<llo electrodrs to predetermined 
depths iJ1 Rpecially glued p lywood ,specimens. Measure
ments were made with the nrodles closely approaching 
and also penetratin_g the ~lue line and a comparison 
made with the moisture content of the sheets as 
rlctenninccl b~, oven drying. 

An analysis of the -results of tests to determine the 
diel ectric properties of mountain ash revealed an 
nnexpocted r elation bet.ween dielectric constant and 
frequency, nncl similar results wore obtained using a 
diff.erent type of instrument. 

(b) Stndies of Oree7J in Wood.- T ests on initially 
grren mountain ash beams are almost complete. T ests 
on initially ~reen mod~! beams which liad been l acquer 
<·o,1tecl to re<luce the rate of drying were unsatisfactor y 
becan,e the r oatin.e: crazed and a number o{ beams 
twisted br.dly. This was overcome . by the use of thin 
envelope:, of "Alkathene " . Tests on dr_y beams have 
been extended a11d f ailures hate occurred between 30 
per cent. and 45 per cent: of t he short-time u ltimate 
strength in pc1·iods of three weeks and 11pwar<ls. The 
effect o-f trmpe1·ature on rreep in wooden be!lms is being 
studied by testing model beam~ unde-r coutrolled 
conditions. 

A group of dry mountain ash tension specimens at 
vm·ious str essPs has been set up in nn air-conditioned 
cabinet controlled at 75 per cent. r elative humidity and 
35° C. A similar gronn of Atreen tension specime~s b as 
been set up under saturated co·11elitions. Increases in 
strain of 10 to 70 per cent. h ave occurred in three 
months in these !);roups. 

Shear tests have been carried out on d ry mountain 
nsh specimens at stresses r anging from 50 to.85 per cent. 
of the sh ort-time ultimate strength to determine the 
111timatr sl1car strPngth undPr nrolonged lnading. Some 
specimen.~ at c-neh stre,,s fail<'cl :ifter fifteen minutes 
to 011e month m1drr 1011<1. 

A st-ud.Y of the effect on 11rcm·aoy of the tl1icknoss and 
_qpacinll: of cross-hairs iu creep instruments and the 
design and dimen~ions of r eferenre marks on the tarp:ets 
has been completed. The results obtained a1·e applic
able to measm·i11g mioroscoprs in general. 

( r.) Raffe.r-11 Separalo?'S.-Electrical :111rl mC'clrnnical 
trsts have been earried out 011 Vauikoro kauri, jelutong 
an<l plantation-grown 1·adiata pinr. The rrsults fo~ 
ielutong a11d r adi nta pine were e;ood enough to justify 
life tegts, wl1ieh nl'P now nea1·l:v complete. rt' seems 



probnblc tLat ra<liata pine will be sntisfactory and in 
a few yea,rs' time when mature trees are available ma,y 
ease the acute shortage of sui table timbers. 

:Electrical and mechanical tests hani been made 011 

separntors of North Queensland kauri, Agatl11is 
7ia.lmcrsfoni and A.. microstachya, to see if there is any 
significant difference between the two species . • \] though 
t•he manganese content of untreated tl. ·11·ticroslach1;1J. 

was only about 30 per ceut. of that _of .,1, palmerslo11i. 
if.s mechanieal properties W{: l'C e;o1tsidcrabl,y inferior. 

(cl) Ullrasonics.-Fn1·the1· studies lu11·e been made of 
fl1e effect of ultrnsonics on wood .fibres. .1.s a n'sult of 
these experinrnnts, All Air-backed crystal-ltoldcr nnd an 
oil-cooling system have been ucvised to allow the equip
ment to be operated satisfnctorily for periods up to two 
hours. L\ study is beinp; made of metltods of inteni;it.y 
rneas1wemc11t, as it has been found necessary 1,o dctf•:··· 
mine the effect of yaryinp; in temitics on the rlPgn1d11ti011 
of wood fibres. 

( e) Elecf;rical Resi.sl.a:ncc Strai11 Ormgrs.-T hC' study 
of the physical properties of electrical re~ist.ance stra in 
gauges has been continued. In particnla1·, resistni1c•· 
variat.ion irnrneclintely aft.Cl' bonding has 1)('en 
invest:igatcd. 

A preliminary study was made of the properties of 
strain gauge wire in connexion with nnboncled ,qtn1iJ1 
g-augcs. It was found that the thrPc wires ll~t"l 
( American and English "J\clvance" and Englis11 
"Emeka ") possessed qnit~ diifo1·ent clrn 1·ac·tcristics. 

The development of plastic-backed gauges mac],, 
without cnrl loops (after Gaustafssen) has heeu Mn
tinucd. The collStruction of a jig has !,implifiecl 
manufacture to snch an extent that i t can now be con
sicle1·ecl a routine opc-rat.io11. Al t.hou~h 111! a.sprcts of 
the hch aviom of these gauges are not yet un<ler
stood. <:om,c arr inclnrlerl in nearly all t.('srs nndel'tnlu' n 
to oht:iin fur1-hrr i11fol'mation. 

The usr of rc~i$tanrc strain gauges on g reen tirnhe1· 
lrns been :ittC'mpt:crl. The _gan.~rs m·e attached to n 
fine met.ii foi l, itself attached to the ~pecirnen. t\ 
~tudy of thr effects of the foil is still proceeding. 'Thi' 
SC'ar c·h for 11 suit.able l0cally available wflter proofo1g 
ag1mt. lrns eontinnerl. Tests arc hri.ng canicd out to 
d~'termint' the pffert of p;auge length on the apparent 
strain reading,: obtainrrl whC'n usi11g t li r,:e ~anp:PR on 
timber. 

5. TricnER MECHANIC!-. 

(ci) Spe,irs 'J'estin{/.-_\ lnrgC' number of mcC'haniral 
tc>sts k1s :.ieen earricrl out on ,spPcimens from about. 
150 trees in order to determine average ya]ucs of tl1rir 
properties. The species principAlly '°;•<>prn,:cnted 11·nre 
_i nrral1, r adiata lJine ( from Victoria), mountain ash, 
nnd hoop pine; a few logs from many otl1er species
mC'ssmate stri11gyhark, mount,iin grey gum, tallow wood, 
spotted g·um, rose gum. hrnsl1 box, scribbl_y gum, tur pen
tine, white string:vbark, and rod mahogany-wcr-e also 
handled. As well a~ tl1c Australian-grown ma tc1·ial. 
~pecies from New -Guinea ( rosewood and tcrminali-a), 
l3ol'JleO (ra.min), and Fiji and the Solomons were 
tested; ma11v of them -are, or arc Iikel_v to heromr, o{ 
importance on the Austr!llian market. 

Tl1r r erluctiun in the number of t rees from wl1ich 
logs 11·'.' rc obt11ined is a r efl ection of prevailing ln.hom 
nnd transport. conditions, which arc rnahnp; it increas
ingly clifficult to ohtain adequat,e material for ~peries 
trstin.~. This hns been ap;gravnted by thr clrnnge in 
the sarnplin,2; r,roccdurc of tl1e laboratory, wl1irh now 
1·<'quires more logs for frwer test specimens. 

(b) Shid1:es of Properties arid T estinn .Method.~.- 
With the obiective of international st1mdardizatio11 1 

threr t.rst met.hods are being investigated in the lnbon1-
t0ry. Th r st.ndv of t.he comprcssion-perprndic11lar-to
p:rain t.r,t, which is performed differently in GrcAt 
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Rritai11 nud North America. ha s l,cen continued and 
extended. Cor respondellce · ll'itl1 the United St.ates 
.Forest Fro<lucts L~~oratory wnccrning tbe shear test, 
for which the Bnt1sh and American standards also 
diffrr, has r~sultecl in an agreed pla11 for stndying the 
tc~t; ma.ten al has been prepared iJ1 America and 
desp11 ~chec) to Australia for testing here, while matched 
~iatcrrnl 1s held for testing there. The s ingle-blow 
m1pact test is also carried out to different standards 
quit;,_d ifferent macl~ines being use_d; at the _t·equest of. 
t.he_ ~11nbcr Mecha111cs Correspondrng Committee of the 
Bnt1~l1 Commonwealth Fol'estry Confr1·cncc many of 
ou1· rl11ta on the two tE'sts ham beeu collated to be 
sent to Cauada, whence it is proposed to· circulate all 
a niilable information throughout the British Common
wraltJ1 and to the United Stat.cs. 

Ia stndfos of fundamental properties one investiga
tion ma.de co11ce1·ns t:be value of the apparent mo-dulus 
of elaRticiL_y in ,rclntion to the size of the compression 
specimen; tl1is is important, as a small specimen is 
frequently u~cd wben insufficient material is available 
for tl1<! st,andard size or to obtain close matchi n-o- in an 
imestiga.tion of effects. The effect of moisture -~ontent 
on the te11Sile strength of mountain ash has been investi
p:ated, ns information available on this general relation
~hip was slight, and i t was r-eqnired for an inquiry into 
fihrn ,;trnngths. Arising f,rom discussions at the Timber 
1lfcchm1ics Confer ence in 1948, a study of shrinkage 
interserti011 points nnd moisture corrections for strength 
was undertaken, and work 011 it bas prog,ressed steadily. 
Tl1c rel atioml1ip between r esilience and toug•hness values 
for a nnmber of species has corn<> nnder review. Density 
:incl thf> impAct ha.J"clne•8 index obtaiued f.rom a ball-drop 
test are r rlatecl, .<1s lrns been shown, with ll ,,ery high 
rorrnlation between species values. 

( c) S-£lvicult11ral Tests.-W ork on the project has 
heC'Jl concentrated on the development of the m icro
tr8t technique, not only for the determination of 
tensile strength but also, lately, for the determination 
0f density of the specimens i11 a.n att empt to 11se it 
a~ a measure of mechanical properties. About 10,000 
ten.qion micro-specimens bave been tested durini;,: the 
:ve1ll'. From the pattems of strenath v-ariation whieh 
have been obtained there is now little doubt that the 
methorl can he used to investi~ate the eff'eet of 
silvicnltural 11roredures on mechanical properties. T he 
work on density, however, l1as not :vet p1'oceeded far 
r11ongh for tl1e potenti&lity of the method to be assessed. 

( cl) H 011si11 .o ancl Gonsfr11clio11 .-Attention has been 
givrn to se,cral aspects of the usP of timber in honsing· 
nncl construction, the work being directed toward 
2:r,eatr1· economy in the nse of the material 

( i) 811rrey of H011sinq Practice.-The sur vev of the 
rmTent use of strnctura l timber in houses was extended 
t.o New Sonth WalPs. Victoria, and Qmienslimd. Sub
•rcmrntlv a revision of the pamnhiet on buildinir frame 
sizes mid spacings was undertaken; and considerable 
pro~re.qs lrns hrpn made with it. 

(ii ) ?'imber r!onriectors.- T here h as been no great 
rhai1~,e in the long-time ]oa<lu1g project; a. few speci
mem ·l1a.,1e fa.ilrd but the majo-rit_v rontinue to carry 
t.lieir loack As a. resn lt of observation of the speci
mens, the n~e of a stitch bolt through the end of a. 
trnsion ioint will probabl v imprO,C' it!\ performiinee 
nml :111 experiment is pr oposed to te~t tbe suz!!'estion. 
.\ssistancc has hC'en !'.·i,•en in develoninir o pressed i:hear 
plate similar to that used in the United 8tntes. At the 
pn'sPnt time platrq inr ca$t and it is difficult to obtain 
supplies. 

(iii) Golmnns.-Wor1{ has nroceeded 011 the short
!Prm loacl in!!' asnect.s of this i1w est.itrtit.i on. PTPPn 
mountain ash heing under test. Wl1en this snecie~ is 
t.csted, fl star t will he made witl1 setting up tests under 
lon,u· con tinuerl loads. An experiment was canied out 
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lo detcl'111ino tho offec:I ol' oricm fntion of ~1-oll'Lh 1·i ug~ 
ll' i th respect to the cho~en d i1·c~tio1: of _buck ling_; tlic, 
non-.significance of the results w1ll sunpli fy selection of 
ma teria 1 fo1· furl.her tests. 

( iv) Fibre Bui/cling Boa~·d~.- T esting has co·Hl i1_111e_d 
of 26 different brands of impor ted boar ds. ,\ s it JS 

clcsiorable to spread the sampling as widely as possible, 
i t has not _yet been completed for the majority o~· the 
hoards; in a few cases i t may be nec:essary to tennmate 
the tests without outaining- the d esired coverage. Inrcs
t.igation s of the i,t.r ength of chip bindc1· boar d and some 
o~hcr tests of factors affecting the strength of film• 
bonl'Cls hnve also heen conducted. 

(v ) B·uill-1171 8lrncfiires.-In the desig11 of timb.::-1· 
s trnet.m es it is usnall_y assumed tha t the dis tribution of 
stress is not g r eatly affected by the joints, t he error 
involved he.i11g- coYered by a factor of snfoty. In rnm1y 
cases, 110'wc,-l'r, i t is likely tlrnt secondary strrsses 
nrising at joints will be larg:e compa,r ed with th~ 
primary str esses, so that 11 more precise knowledge oJ 
their magni tude may lead f:o design economics. .A 11 

im·estigation of such stresses has been initi ated, t he 
simplest types of joints being userl in the first stages. 

(vi) F'looring.- T he ~trcngth and stiffness of floor 
boArds ha\·e been imestigated prcriously in this labo1·a
tory, and the ,roi·k has 110w been extended to cover 
t hr combined action of flooring boards a1Hl .ioi~ts. Al 
fir~t ~tiffncss only will bo investigated. 

( e) Growth S/.resses in Trees.- '\York on the main 
proj ect has been limited to the measurement of the 
l'<•lrn~r of longitudinal strains in one or two logs, but 
ari.;; i11g from it, it. ltns been snggested that if the 
material in the groll'ing tree "creeps" nndcr i ts self
imposed s(,1·rsscs, the1·c 11111y he " creep recovery" when 
the tree is frl!rd. This rrcorcry would, of cou rse, 
be distinct from immcdintc r!astic r ecovery. I t has 
been clifficnl t to i 1n·cstiga tr such possible creep recovery, 
but indications ·arc th nt the pbennmeno11 does occm 
toward~ the p ith nnd tlrnt. the r11tt' of r rcove.ry cler.r rt1!les 
with time. 

O ther experime11ts 11 re being con<lucted i n an attempt 
to produre "bri ttle heint " material in the laboratory 
and, at the same time, to test the signirficaucc of age 
and rate of gro,Yth of the material on its production. 
If suecessfu I, th ri>e tests will imlica te the effect of 
conditions on the fonnntion of tl1c mnterial in tl1c 
l iv ing tr ee. 

6. T111rnER SF.ASONINn. 

(a) T1 eneer DrJ1iug.-Aerodynamic stud ies show 
that a ir cir culation conditions satisfact.ory in units 
designed for "tray" d ry ing Arc not suitable for ver ti
cal " fiugcr" racking. Laboratory tests of the rnlue 
of diffuser ~crcens i n the air path ndjacen t to the stack 
sides were con11ncnred . Resu lts have indicated tlmt 
this equi'J)ment can ·pro,,ide an inexpensirn but effective 
method for ensuring satisfactory air circulat io11 with 
Yer tical racking and a 1-:,1stem to incorporate some of 
the flexibility and low labour costs of vertical racking 
with suitable restraint was designed. Evidence was 
obtained that conditions fo r drying r efractory veneer 
can he further improved b.v en~u ring swirl in the air 
flo"' to minimi?.e t.l1e effect of a bounda ry layer condi
t ion which derelops at the surface of venee1·.s <lurin~ 
rh·yi11g. Work on this Aspect. is con tinuing . 

(b) Tfa1Jom· Dr:1J£ng.-Stndies which h ave been con
tinued l1avc fallen natur ally into three divisions : 
( i) the seasoning of pervious timbers in board and 
j oiner,v sizes, ( ii) t he seasonin~ of impervious timbers 
of similar dimen~ions, and (iii) tbc partial drying of 
large sectio11s of non-<lurable spcciPR r e<Juiring preser
,·ati vr. t-re:atrnent. -On the seasoning .<;ide. aspeet~ 
rxarnined have been the effect. of working fluid , workin~ 
prE'~~me, wood tPmpe1·11t.m·e, and dist.ilfat.ion rnte on 

.! ryillg t in1r and quality. The work has sbown that, 
11 11der labont!ory conditions and with suitable pro
cess eont l'ol, 1-in. thick "ash" eucalypt stock can be 
rl rirrl from the green condition and free from degrade 
i11 0111,r fh-e dnys, whereas th is material normally 
n•qllirt'~ teu to fou rteen days in an orthodox kiln. 
Further, !he seasoning of pel'\'ious t imbers can be 
accompli.~hed rffoetively in about 5 to 10 per cent. of 
the time r eq uired in a11 orthodox kiln. On the preser
n 1tion .~irlc, the relation of moisture content and 
d rying time ,,·itb pl'cservative penetration and abso1"P
tion was exflm incd. It was shown that four to five 
hours' vapour dr,ying was effective in drying radiata 
pine mil way sleeper ~ections from the g reen condi-
1 ion to 11 moistul'C content which gives satisfactory 
creosote peuetra tion and absorption d uring subsequent 
pressurr presel'\'ation treatment. The laboratory 
s tud ies ha vc demonstrated that the four A u.str alian 
timhel's studied cnn be rnpour-dried, but they have also 
~!town tha t a numbN of aspects of plant engineering, 
rontrol. nncl opcr11tion need fort.her development. 

(c) Kiln Drying.-.~t the request of the Tasmanian 
Hydro-Elcet1·ir Commissio,1, kiln-drying .schedules were 
1•s1·nblishccl for 2-i11. thick Tasmnniau messmate 
~trincyhn rk r c<Jnirccl for lo"·-pressuro pipe l ines. Kiln 
srhcdules for ramin were developed at the r equest of 
the Sydney nncl Suburban Timber Merchants Asso
rintion and the Srirnwnk F orest Dep11rtment. 

( tl) Kiln Drsign n nd Plmi,t Layoitt.-Some 240 
drnwings co,·or ing drier designs for solid timber, core 
bonrd, and Yenecrs were. prepared, on l'C<JUest, for 
27 wood-prores~ing orgauir.a tio11s. Seasoning •plant 
layo11t nh1m, to ensure integration of seasoning equip
mr nt nnd hn ncll i11g methods with existing facilities or 
rnturC' plnnt clC'vclopme11t, were also prepared for 
thirteen firms. Visits were made to 42 commercial 
plnnts in all St11tes to advise on seasoning practice and 
<hir r per forrn nncr. R ecommendations with reS'pect 
to modifiC'ations of C<JUipment or production methods 
were made where wannnted. Drawu1gs for sawdust 
nnd mill waste bnrners, designed to suit the varying 
loads a ml opc1·a t,ing conditions involved, wer~ prepared 
for some 80 saw111iller s and joinery manufacturers. 
Inquiries were also reeeived from England, New 
Zcalancl, South Africfl, Pakistan, Mauritius, Chile, 
and I sr ael. A study of the e ffect of plant drying 
rnpacit.v on -kiln cl r_ving and plant installation costs iu 
.\u$tralia was made. Tt was shown that t he unit 
r·osts of k il n dryin,g- for a particular kiln size are 
reduced h.v some 30 ·pel' cent. by increasing plant 
('11 pa city from one to two kilns 11 11d to loss than half 
lw inrrcai::(' to fo m kiln~. Ex11111infltion of the r elative 
r~onom_y of continuou.:; aud intermitten t kiln drying 
at small plants was commenced. F or ront.iuuous dry
ing, a ir cirenlntion and heat were p rovided for 24 
homs enrh day ; for in termittent dryjn.~ a ir cir cula
tio11 was snpplird for 2'4 hours but heat for only 
r>igb t. For 1-in. thick s tock, nuder summer conditions, 
tl1c time re<Juired in kilns appeared to br in the ratio 
of ,ll : 7 (continuon,, : intermittent). 

( e) Ra1'l111aJ1 87 eeper T n 1>Psti_qa.tion.~Studies of the 
cnuses of pliysicai and meel1anical failu re in railway 
sleeper s under sen ·ice conditions and of methods of 
ilJ('rcasing the track life 'l'l"ere continued. An exaiuina
tion of the latrral shear resistance of two types of rail 
fasten in!! widel.Y used in A nstralia was completed 
under laboratory condit ion;;, This included a iitudy 
of the influrnce of shenr nlates on the load-bearing 
cnnacitv of 1·nil SJ)i-lies. The rn,e of shear plates con
sirler ab]y redue<>d t.h e stress concentra tion, enabling 
t.he combination to supnort for the satne deflection 
ronsidernbly l arger loads than t hP spike alone. A 
.•m,·ey of ternprraturc and moisture content changes 
h1 ~Jeeper s in srrvice ':'as commenred: S'pecially pre
p~ r rrl r lertrod<'~ wrrr m ~€'rted to varying depths in 
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a nurnbcl' o( sets of sleepers 01·c1· a range of siLes. 
Apal't from the in1'rinsic rnlue of thcise da ta, they will 
cnahle ficlrl conditions to be simulated within the 
laboratory, particularly with r espect to smface 
wea theriug a11d spi kc hole deterioration. 

(f) Builcli111g Nolerials oncl l'rod11cls from Wcisle 
117 ood.~La borntory studies of the effect of speci es, 
particle size, moisture conten t, resiu type and conten t, 
a_ncl pressing pressure, tcmpe1·at.ure, and time in rela
t.1011 to the manufactur e of ha rdboards from the saw
dust of Austrnlian ti mber~ ll'Cl'e compl eted. Sim ilar 
studies of the rnlue of othel' waste materials, including 
shavings and ch ipped and millrd ,·eneel' waste fo1· 
low-density coreboard manufactme, were commenced. 
,\u estima.te of the economic.s of mAnufacture of these 
products in .\.ustralia was ·prepared, a steady demand 
for information on their ·production having developed. 

"\Vork on the development of papet· rol l plugs from 
sawdust-synthetic Tesin combiuatious was canied out. 
Initial problems of pr oduction included rnoistnro con
tent, tempeniture, aud rompression gradient effects 
and n determination of suitable resin and deusit; 
rnlues to avoid risk of possible damage t o certain 
processing cqui•pment. Commer cial p1'.ocluction has 
been nnder takeu. Tests on a number of oversea~ 
ll'astc wood hinder hoa1·cls were rarried ont. 

The effects of r esin CTOntont, temperatur e, a nd pres
sure on thr p1·opertic.s of bagasse-resin com hinations 
for hardhoArcl manufflotnre were studied. 

(.q) Oilier Inresli,qations.-A limited examination 
of equilibrium moi~ture con tent, temperature r elation
sl1ips for woorl i11 snper -hented steam at atmospheric 
pressure was carried 0 11 ~ to foe ili t.atc an understa11ding 
of certain aspects of vapour drying. Graphs plotted for 
rnl11es of both mouuta in ash a11cl hoop pine. obtained 
experimen tally for trmperntm·os up to 310° F., demon
strated a cmve-form similar in nature to tbe equili
brium moisture conten t/wet bulb depre1'.~ion relation
ship for temperatmes below 212° F. 

Experimen tal stndies on the dryincr of wood in 
liqi1ids immiscih1e with wnter , nuder r ed~ced p r essures, 
were comme11ced. U.c;ing inYert sugar as the treatincr 
medium, ant,i-sh1•jnk techniquas wer e de1reloped t~ 
pre1·ent tl,c t_ypicn I !'adia1 crncking of " green" disks 
cnt ~1·om tl're ~ten,;; required for record purposes. 
The 1~1flnen:-e of metltod of stacking, stMk si7.e, and 
rnn ten al th1 r.knes.~ on tem pern tur e/ time relationships 
at the core' of sol id and semi-solid p iled stacks of 
European ~of tll'oods. str.a111-l1eal·ed as a steriliziu0 • treat
men t for wood wasp infestation, was exnminel' at tho 
l'equest, of the' 001111nomrnalth quaran tinP 0fficers an<l 
StAtc forcM.1·:y auth orit ies. 

Co-operative studies of the rela tive economy of 
milling, scasoninp:. lrnndliug and laying flooring 
1°,f-in. thick and ~-in. thick ,v~{-e commenced. 

The co1Tespoud C'nce courses on kih1 operntiou were 
continued: 27 students enrolled and eleven completed 
the courses dming the year. 

7. Tn1.Br::R Pn.ES£RVATION. 

During the' year thC'1·e l1as hcen a marked increasr 
in a ctivity in t..J1e \l'OOd preservation field in Australia, 
as under presen t economic co11ditions t reatme11t of 
timber for external ser vice is becoming incr easingly 
desirable. There is now every indication that a wood 
preservation industry will develop in t he next few 
years, and th is has been rcfiected in tl1e volume o{ 
'requests for techn ical advice received from Government 
departments, in51ustry, and the public on problems 
of gr11cra l wood presen·ation 1rnd insect damairo. Some 
inquiries hnvc involved a -considerable nmount of 
\\'O.l'k, one requiring a visit to New Guinea. 

(n) l1'ield T esls.- Pole and fence post tesLs u1 New 
8ou th ·wales, in which tho effectiveness of various 
wood preser vatives is bei11g compared in different sites, 
were ins pected during the year. S imilar tests in 
Victoria and Soutl1 .Australia are due for inspection 
in the coming yea 1·. Attention has been given to 
selection of new si tes wi.tli bigh decay or termite hazard 
in Victoria a nd Queensland for future t ests. 

(b) 'P!tc Preserl'ali·ve Trnalrnent of Eiica1yvt Heart
wood.--'i.u.~tralia lias long been known as a sleeper
c-xporting country ancl its durnble timbers have enjoyed 
a ll'ide r eputation. Holl'c1·cr, during the •past year 
t1w1 o_f t,lw State r a ilwny systC'ms lrn ,·e bee11 seeking 
supplies of sleepers from 01·erseas to meet local 
deficiencies. Ordinary pre,cn•afr,c treatments are 
1l()t efrect.ire with sawn eucalypts in a form such as 
., Jeepers because of the difficulty of penetrating 
encalypt heartwood. During the year a pilot •plant 
was completed to treat !>u cl1 material at pressures up 
to 1 .000 lb./sq. in., following cx•periments which showed 
tliat unde1· the..~e conditions adequate absorption wa s 
obtained tl1rougb end J)enetratio11 . The l)lant will be 
u~C'd mai n l:v for the treatment of rail sleeper s and 
crnssar ms for transmission •poles. It is hoped that 
s uccessful demons tration of th i ,; t r eatment will ul ti
rna tcly rosu l t in tl1e ll'ide-sprcad use of preservative
tren trd c11calypt sl eeper.~ in Australia. Co-operative 
teM.s with t.he Victorian and W cstern Australian Rail
ll'a,ys and tl1e P ostmastcr-GenC'r :J l 's D epartment arc 
pl:111111:'cl for tl1e comini? year. 

( c) Perw eabili,f .. lJ Sf11Cl-ies.-This nc11· project in-
1·olves a fundamental study of the problems of liquitl 
and vapour penetrotion i11 woorl. It ha.~ the practical 
ob,iert of explaining difl'e1·enres i11 t.bc penetrability of 
ll'Ood to p1·esrrvativrs ancl possibly, as a resu'lt, of 
impr oving cxjsti11g; methods of treatment. It is a long
term project which ll'ill be in tcrrnpted <luring the com
i11g ,yonr when tho officer mainl_y responsible will be 
ahroad undertakin,g training ;;t.ndies in this field of 
research. 

(cl) Metallic Na.phlhewote Preser·vatives.-The in
vestigation to stndy tbe pC'rmanence of metallic naph
the1rnte presenn.tive« ancl their toxicity to wood
rlestro_yini fongi is now almo~t complete and h as yielded 
res11lts wl1ieh will h0 of value in establishing a satis
faC't;ory specification for this t.ype of pr~servative. 
With the te:,t fungus used it ha.~ been sl,own tha t the 
tnxicity of uaphthPni r arids increases with the acid 
1111mber. Fnrther inerrasr in toxiri ty by addition of 
ropper to the molecn1r i~ most marked at low acid 
1111111br.rs, but is 110gligible whc11 the acid number exceeds 
250. P ermanence' tests inYoh·i r,g leac:l1inp: aml weather
; ng arc in progress. 

(e) Tlie Pi·eservoffre 'l'realment of Oi·ossorms.-The 
sun e,v to determine the causes of failure of crosrnrrns 
has bee n comp1C'ted for three States- Western 
Au ·trnlia, Vic·toria, nnd New South Wales-and h as 
ilwolved t.l1e inspection of several thousaml arms which 
have foil ed iu .service for various reasons. T he results 
iudiratr st rongly tlie rcouomic ·benefit which should be 
o_btnined by pressm e treatmrnt \rith oil-t,ype preserva
tives, and co-opcratil'C tC'sts ll'it:h pole-using authorities 
hnl'e bren a1Tan_g:erl to dr111011st1 ntr· th r 11r:·C's~111·v t reat-
ment process. ·· 

(f) The Toxic·it:I) and Permanence of Water-borne 
l're~ervo/;•ives.- In this new investigation developed 
cl 111:u~g the eunent. year, a laboratory study of the 
~ox1c~ty and permanrnc-e . of ,Yater-borne preservatives 
1s bemg made. The testmg pro(•eclll!'c involves deter
mination of toxicity by the _ agar t u be met.hod, using 
three selectecl wo_od-destroyrng fm1gi, determination 
of 1·at_e o~ leac1ung 1111der standa rd ronditions by 
unalys1s ol learh ,rnters, and finally, assessment of 
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protcetivc effieic11cy Ly ac:cclcrnted lubor:it?ry decay 
t<IBts of Lreatc<l wood Llocks. Although this type of 
tc~t is not intended to snpplnnt field tec:ts, it \\'ill pro
vide n method for screening prcserv~tiYcs an~ ~lso for 
judgiHg their ,;uita bilit,y for specrn1 cond1t1on_s . of 
service as, for oxamplc, i11 the treatment of _mrnmg 
timbers. Work during the year has been mamly_ on 
toxicity testirw and on the dcrclopment of annlytH·n1 
methods prep:rato1·y to leaching studies. 

(g) 'l.'imbrir ,llycology.~'£110 imestignt.ion !o d~ter
minc the c·oinp:1r11ti\'O ri::s1~l.\JICP to <lcC:lY ot ~·,11·~011~ 

timbers in ::iccdcratc<1 laborator.v teflts 1s contmumg. 
Devclopn1ent of testing tel'hnique l1as bcc1~ a)rno$l com
pleted and it has been shown that t11e s01l-:1ar 111cthou 
is capable of givi11g rnpicl results cv~n ,y1t)1 d~1·nb_lo 
timbers. Srlcction of snitable test fungi is sl1ll 1J1 
proarcss and with the more important species, such 
as '.l'rfl me/es lilacinogilra n ncl Uonio pl,ora crrrbrlla. 
tes ts of diffr.n•11l ~t.rr.ins nre IJl'ing n1ad(•. . 

Collcc:tion of representa ti\'c <;pecimcus to estu bl_isli 
the relfltire durability of a large uumber of Anstrnhnn 
timhe1·s is now well adrn11ced. 

Durin.,. the year many 11cw cultures of Austrnlinn 
and Ne~· Gui11en ll'ood-desLroying fungi ha\·r bce11 
made :rnd approximately 500 cultures arc now main
tained in the standard collection. Collection of 
herbnri11m material has continued and considerable time 
lrn!' been spent in the iclcntific:ntion of fruiti11g bodiea 
collec,;tod. Work on identification from cultural charac
teristics is pro~rossing and methods of prouuciug 
fructificntions of wood-destroying fungi in the laborn
tory a1·e bein"' examinocl. .\ series of notes on .\11s
tralinn wood-cles t roying fungi is being prepared, giving 
geograpl1ic ri.rngc, host spccirs, type of rot, nncl ('ll1t11r:1l 
e:l1nr11cteristil'., of the causal fungus. 

(h) Ollter J 1wesligalio11s.-Following successful 
laboratory tests in which DDT and Il.EIC added to 
the glue in pl,ywood prcventr<l l-11cl·11s borer attack, 
l:u,.,.e-scale tests nre now in progrnss in eo-operution 
witlt the V cnecr and Glui11g Sertiou. To determine 
the tcrmiticidal pl'Operties of cli<•lrlrin, samples have 
been treated and forwarded to the Division of Entomo
logy in Caubena for tc.,ti ug. Oollcctio~i of ;-l:nobi11:m
infested timber is co11tin11ing with the ohJcrt of brredmg 
a sufficient number of beetles to u11de1-tnkE- t"sts of the 
susceptibility of rndinta pin<' to this lw1·er. 

8. V EJ.'rn1,;n AND Gr.umo. 
(a) Y encer an<l /Jlywoo<l 1llannfar/11rr.-(i) 1·r11 ellr 

011fti11g.-Venecrs were cut from logs of twelve species 
from Australian sources and one from n plantation in 
Fiji. Most at.tent.ion wus give to .•ome of the l1arcler 
heavy oucalypt;;, bln.ckbutt, rose gum, and spotted gum, 
and to p1nntation-gro\\'n conifers. The importance of 
these in,estigations can be gnuged from the fatt that 
pre-war Australia produced almost 100 per rent. of 
her plywood requirements, but in 1050, fl.bout l 5 per 
cent. was imported. In addition, about 25 per cou t. 
of the logs for the Australinn output was imported 
and the demand colltinues to rise with the incrcn~ed 
rate of building. Investigations relating sih-icultural 
treatment to potential ;vil•lcl of veneer hnve been ron
tinued in collaborntiou witl1 State Forestry Depart
ments. They i1woh·c trsts of thiunings from plunt11-
tio11s of hoop, 1·11ui11ta. sl11flh, and lohlolly pines nnd 
determination of tl1e optiu1um di11111etcr at whirh trees 
should be prnned to prol'ide high-grndo roncer logs 
at commercial maturity. 

(ii) Plywood, Jla11ufad11re.-.Plywood ha.; been 
made from all species peeled and observations have b~cn 
made on tho f] tHtlity in rclotion to cunoni !\ustrnlian 
pract ices. The plywood frolll tl1c hard. hem·y euc:d,ypts 
was mechanically good hut difficu1ti(':l will he ex
perienced iu prod uciug from thrse species plywood 

ll'liicli is ucccp tnule for tlie major .\.ustralian use, 
furniture. On the otlic1· hallCl, such plywood wou1d be 
,·cry suitable for manufacture of boxes, cases, an_d other 
p:1ckages in which appearance is of .•econdary import
ance to mecbanicnl strength. 

( iii) Tmmu11izalion of ~.>Lywoocl against Lycti,~ 
.lflttc/,.-Following successful laborntory tests . of 
J,ycftt,\-susroptihlr veneers made into plJ"·?od with 
glues conta ining BJJC: or DDT, the co-operation of the 
.\11Atral ian -Plywood Board and the Quecnsl~nd 
Fo1·e., tl'.Y Dcparl111cnt wn s obtn in~d in ~he production 
of fu1·thcr material on a commercial h~s1s and p~y_w_ood 
!1:1~ hcen in~ta lll·d for .•e1·\·ice tests 111 the D1 ns1011. 
Only a fe\1· rnonths after manufactul'e untreated sheets 
of' pl_ywood wc1·c Ladl_y attacked uy f..tyctus b~t no 
damage has ocl'Ul'l'ed in r11se~-glued plywood 111eor
pornting BHC at the rate of shg~tly less !ban 1 lb. per 
1,000 .•quare fer t of single glue-lme. rostm~ abot~t 6d. 
per 100 square fpct of plywood. Oh:-rrrnt10i1s will bJ 
1nndc• o,·cr a 11u111her of years. 

(/J) r:t11i11g t:,•search.-(i) P,·o/~i11 , 'ludies:--In\'~s
fr•ations on pl'Of<•ins ba,·e hren earnc·d out ruaU1l.v \\'1th 
ti; ultimate obirct of eh1ciclnting tho principles under
lying t.he forn1n tion and strno_tmc of p1:ote i11 g~ls. 
Pa1·tirul11r attcution has been paid to the milk pl'otern, 
c·asein , and hy 1,rrangcrnent with t~e D~u·y R esear~h 
8rc·tion some p1·oblems of technolog1cnl unportance rn 
the dairy induMry1 c.,pec:ially the thi?lceniu~ of e,:apo
n1trrl m.ilk in stornge, l1a1·e been com;iderod 111 11dd1t10n 
to problems connected with adhesion. On tho. fnnd~
mental side. two specific problems have been m1·est1-
"'ated : the mrc·hanism of gelation in casein-alka1i 
;_,·strms and tho mechani!:lm of milk clotting by enzymes. 

The durnges in the ca., ei n molecule upon alkali treat
ment have been stnclied by \'arious methods. )folecular 
svnm1etry as deduced from intrinsic vi~cosity moasure
~ents is sufficiently constaut with t ime to indicate that 
i11trnmolecnlnr unfolding of polypeptide chains is not 
nn i111portai1t factor in ~elation. Ot.he1· aspects of the 
problem in,cstigntecl include the possible impliration of 
ar~ininc in tho ~elntion procpss, the effeet of nE-utral 
s11 lts 011 the visrosity of casrin dispersions, tl1e swelling 
1111d stnhil it.v of c·as~in gt'l.~. the rheology of dispersions 
of a rclati\·oly so1u ble casein frnction in sodium 
hyclroxiclo solution over a pH range lower than that 
prc\'ionsly i1Heslign ted for \\'l10le casein, and the rheo
logy of alkaline rrnnet ca soi u dispersions. 

The action of rennet on milk is of major industrial 
importance in the production of casein for glues and 
plo~tirs and in the mannfarture of cheese. Experi
inrntq baYc heon carried ont nsing r econstitnted casein 
solutions wli iPh orr. virt11nlly calrium-free and the1·e
forc unable to congnlate e,·cn in the pl'esenco of the 
enzyme. IIowe,·er. precipitation can be effected iu 
!he u,11al way by the nddition of acid, and roruparisons 
lrnvr been between parncasein from solutions which 
lrnvr been trr:itcrl with rennet and casein from untreated 
solutious, and between thr filtratf's from these so1utions. 
Striking differences in solubility between casein and 
purnrnsein !rnvc been obsen·ed, particularly in regard 
to beha\'ionr in t.lw prrscnce of 11eutral salts. The 
11vcrnge paracasoin molecule is slightly more sym-
111etrica 1 in shape thau casein and tho extinction eo
efficirnt in tl1r ultraviolet region is slightly larger, 
althot1?;l1 thP absoi·ption ~pcctra arc of similar shape. 
W11en the proteins are ronplr.d \\'ith diazo11ium salts 
,;ign ificant di ffcrences, which m!ly be associated with a.1 
incroa,:;e in the renctiYit.v of the histidine upon treat.ing 
rascin with rennet. arc observed in the two absorption 
spectra in the ,·isible ro~ion. This h ypothesis, which 
cAn help to explniu the diffc1·enre bE-tween the behaviour 
of rr1srin and paraC'asein, is supported by titration data. 
'Elcctl'Ometric titration of acid groups and formal titra
tion of l_vsino amino groups show only small differences 



Lctwccn the two prepnrutions. Titration in alcohol to 
the tbymolphtl1nlcin end-point shows a considerable 
increase in basic group.s minus arginine upon rennet 
trenlm.ent, and an incrca.::c is also shown in cnrboxyl 
groups as mea.11red hy titrntion in nc:etonc sol111 i011 to 
the nnphthyl red end-point. With regard to the 
filtl'n I.cs, vnrious tests and fractionnt.ions have been 
<:arried out, and ultraviolet. absorption and gravimetric 
methods hnre been used for c.; timnting quantitatively 
tlw nitrogcnons eonstitncnts. The presence of a pro
tco~c or peptone in the filtrates resulting from pre
c·ipitation of the rcnnet-lreatcd solutions has been 
definitely confirmed . P:nallel ,rith the investigation of 
thr enzymr action 011 the rascin, the etrect of heat 
has been ex11m i11ed, 11s it hns been noted that casein 
mlutions heated above 65° C. display sensitivity to 
calcium ions similn1· to that of rennet-treated solutions. 
Howcrnr, there arc inclirations that tho increase in 
~ensitiYity is cine to a mechanism distinct from that 
broug-ht about. hy the onz_yrno. The possibility of the 
renuet react io?1 invoh-in::r rrdnction of t-.J1c disulphide 
linkage of rystiue was rxllmined, but tests ,c:howcd that 
free sulphydryl groups were absent in all solutions. 

The reacti.on between histidine and diazouium salts 
is being inYcstiga ted by a spectrophotometric method, 
with intcrrsting r<>sults whirl1 may lead to a method 
of .•imnltancousl.v determining histidine nnd tyrosine 
in the intact protein. 

(ii) A11plied.-Gencrnl obscrn1tions have been made 
on the gluing qualities of morr thnn 20 species. 
Special investigatious were rnniecl ont to determine 
the reduction in glue strrngth of veneers impregnated 
with boric acid or borox nncl of spotted gum when 
gluing is delayed for periods up to si., months after 
plnnin~. Furtl1C'r assistance was given to the Division 
of Indnstrinl Chemistry in tltr den-lopment of tannin 
formnldeh:vde adhesi.es for semi-commercinl trials. 

( c) 7.'echn ical Assislnnre.-Rcqucsts for nssistance 
were receiver! from the vcn<'N, plywood, glne, and 
furniture manufacturing industries, from Government 
departments, rmcl from other users of timber and glues. 
These l'OYcred a wide range of problems inolndinn- the 
design and lny-ont of vcnrer nnd ply~rnod plants ,;ann
facturing tcclmiqucs, gluing of metals to wood 'various 
laminated constructions for sportin~ equipm~nt and 
the clcrelopment of A11~trnlin11 standards for pl_ywoocl 
:rncl glnes. 

!l. Tnrn1-:n TJ-r11.rzATTON. 
(a) '/'imb,,1· li.s<'s.-Rc•qu{'st~ for information and 

assii,tance ll'itb problem~ ronnrcted "·ith timber utilizn
tion wrre l'f'reived in i ncrensing num bor durin.,. the 
.,·car from the timbrr indnstry, p1·iv11te indivi<lual~ nnd 
govr.rnmc~1tal and semi-governmrntnl organizations. 
I_nfonnntion wns s11pplird on the suitnbility of various 
hmbe_rs for the following uses :-agricultural 
!11acb1nery, ar~h~ry, ba~crs' peels, bearings, boat build
rng, body lm1ldrng, bridge decking, building boards, 
butchcri:;' blocks, rabin<'ts, cnrpeuters' rules, castanets, 
contnrt brcnke.r arms, cooperogc, clothes pegs, rooling 
towrrs, rroqnet ma ]lets, dry cleaning equipment, egg 
boxes, fence posts, filter presses, floor blocks, flush doors, 
footweor, golf 0111 b hends, handles, horpsichords, heat 
former blocl~s, houS('. _construction, ice cream spoons, 
msnlntor sp!ndles, kmfe hnndlcs, laboratory benches, 
!11<lde1·s, loaclrn.~ ramps, mallets. :n3atcl1es, metcorologicnl 
111strumen_t rn b11:11:ti:;, m_otor boc!1c;;, naval targets, oars, 
o,·ens, pnlmgs, p1hng, nfle furmture rumhlers, sbingle.q 
sl1 ipbuildjng, ships' masts, s1100 he~ls shoe lasts skis' 
l .d l . d ' ' ' s 1 r rues, $portmg goo s. tent per,q, transformer com-
ponei1ts, tmn_cry, vacnnm :filters, vn t roustrnction, 
wooden mncl1rnPr.v components. wood wool. wl"inge.r 
beari11gs. 

(b) Mamt{acfwr:ng P1·ocesses.-Snwmill layouts and 
notes on characteristic;; of equipment were prepa1·ed for 
operntor5 desiring to improve existing or to estnblish 
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111•.11· sa11 mills. Que,-tions stimulutctl by data prel"iously 
rc(l•:_iscd OM _log Pdgo1·s, rip benclit's, gnuges, and other 
ellil-ie11t d<•1·. ,·(•s were dealt with. ...\.ssistancc was given 
to_ firm<; in 1·e-oqranizing timbe.r handling practices. A 
111_111 study t? ddPr1:1iM the quantitative uud qualitative 
_y1r]rl,; ohtarnablP from head logs of alpine ash was 
<;•1111plef<'fl. .\,h·i(·c 1H1s given regarding the :finishlng of 
lloo1·ing, 1·erno,·11l of stninB frorn w<>ath-e.l'l,oar<ls bleach-
ing of rimber, and photng?·11pl1ic \"('Ueering. ' 

(r·) l\'os/1• (ilifi~olinn.- Jme~tigations 1rere con
I inucd on the factor" influrncing tho propertie:1 of hot 
prc•ssc·1l pnlp hoards. .\t L80° C. anJ 350 lb./sq. in . 
11 ··0,sur<', 110 cffcc•tivf' llonding orrmred in pulp, reduced 
IJ1·low 2G pC'r crnt. moisturc> contrnt but bond improved 
/'is 111oic;turr. inrrrnsed up to nbont 50 per crnt. Water 
burn brcnme troublesome n t high moistnre content an<l. 
i,t11ining tendr.d to orcur more readily as pressure 
i11c1·erisrd. Sall'clust blood rnixturr.s in various propor
tions ha,·c lwcn pre.c:i:ed under a rnnge of temperatures 
n II(} prC'.c:sures, nttrnctiYe products resulting within the 
limits 125-150° C. at 200 lh./sq. in. Economic factors 
a/Tcrtiu~ comm{'.rcial produl'tion wrrc examinrd in rela
tio,1 to ;;ovcrnl mnnufactnring proposal~. 

Exprrimrnts \\'err l'arricd out on the prod11rtion of 
hoord from !'<'llWr>ccl submitted bv the Dirision of 
Fisheri<'s ( see Obnpter XI., Sectio~1 9 (I>)) nnd rane 
fibre submitted hy a SUJ?lll' milling company. 

Information on the fncl Yalue of sawdust and on its 
)iurnin!l,' under water-tube boilers, in incinerators, and 
111 produrer-gas ,renerators was distributed and inqufries 
dr>alt "'itli regarding tb<> b1·iquetti11g of sawdust. 

(d) R111l'i119 S'11d:cs.-Experimcntnl cutting with 
<·ircnlar saws was continued and energy ronsu;1ptions 
,·,rrf' romp:nerl nt vnrious frerl ratl'it for ;;nws with t.e.etb 
i:hapcd and spnred differrntl.v. Fir>ld an<l laboratory 
~tnclirs 011 rhain snws wrrc rontinurd. .1\ ssistance was 
gi,·rn on deYcloping a powc1wl grinder for the sharpcn
i~g of sawing chain~ in lieu of lwmd filim;, and descrip
t1011s wr>1·e releaRcd m the Ncrv:, T.,efler. D emonstrations 
and tr11ining w!'re giwn to forr>~t work<>.rs on the 
p1·r>p:1ration and operation of cnnin sawR. 

( e) 8/andard.~.-C'olla boration with the Standard'! 
Association of Australia w11s c011tinucd on all matters 
pcwt.nining to timher ~tandards. Executive duties were 
performed for tl1e Timbe.r Tndustrv Committee. tcrh
niC'n l linison woi·k was c011tinued with the sectional 
committrrH. ancl nn nct;ive pnrt w11s taken in preparing 
and rc-riewi11g drafts of 5<'-rr>ral prooosed stnndar<h. 
Grncling rules for hard,rnods of soutb-rast .\ nstralio. 
and for rndiato pint> WPl".P. nchnnred t1nougl1 severnl 
!'Ommitter !lt n~rs. Profiles for pine flooring' were con
si1lernd in t.wo St.ates. :\ proof issue of I\ stnnclnrd for 
fil1rl'-hnanl buttt>r bo,e~ wa<; circulatPd for public 
critiral rrview. Snecifirntions for fre.<;h fruit cnse~ wrre 
cfr11ftcd 1111d rrvil'wed. A 1,t11nd11rd fo1· ,vntcrproof 
nl_vwood in mnrine nnd sta1•<lnrd 1!-rnrlr<; was en
dnrs!'d for pnblirn tion. A rlraft stnnd11rd for wonrlcn 
,,indows was submitt<>rl to the printers for prt'p1m1tion 
of n proof issur>. Drnftq of standnrds on lritchen 
fi tmf'nts. woo<l<'.n doo1·s, and wooden door fr11mes wPre 
l"clirf'd for nronnrat:on of 11anPl', for postal ballot. 
Not<'~ nn i:;in1?le-stn1·.v timbrr hnildiril!s wPrr forwarded 
to coll11 horn tors for considcrntinn ·while drofting a code 
of practirr. Progress wns made on the nrrparntion of 
i::tnndnrd rlcfinitions of term, US<'.d in foreRt products 
n•srnr"h in Au<;trnlia. 

XIV. BUILDING. 
J • G1n,ri-:1tA L. 

Re~e1nrl1 on the properties 11ncl 11l'rq of h11ilrling 
matP,-i,,ls h11s hrr>n l'ontim1p,t in the Divii:;ion of Bnild
ino- Re·e11rch at Hii?hett. Virtoria. This work is com
plementnry to work on desig11, coustrnction and 
pe1-formanre of buildings NJ rrie:l cm hy the Co~mon
wea 1tl1 Experimental Building Station of the 
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Deprntment of Works and Housing at Ryde, Now 
South Wales. Research on timber as a building 
material is undertaken by the Division of Forest 
Products and is reported in Chapter XJII. Studies of 
the properties of soils in relation to building founda
tions, carried out by the Division of Soils, are reported 
in Chapter lI., Section 4, and work on cement and 
ceramics by the Division of Industria 1 Cbemistry in 
C'hapter XVII., Section 3. 

Di1,ision of Bi,.ilclin_q Rescarch.-The work of the 
Division is dcscl'ibc<l in the remainder of this Chapter. 

l)rogress during tbe year has been satisfactory in 
most of tlie research projects undertaken by the Division 
bnt i n ~Orne it has been disappointing, mainly because 
of tlte difliculty of obtaining research staff. 

The only now project was the preparation of a paper 
on the wenthoring and durabilit_y of building materials 
ill the tropics at the request of the organizers of the 
Int.ernntional Building Researcl1 Congress to be held iu 
London in September, 1951 as part of the Festival of 
Britain. This entailed an intcusiYe reviow of the 
\·oluminous liternture on wenthe1-ing and durability in 
general and a visit to 11orthen1 A nstrnlia to stndy con
cli tions at first hnnd. 

Close and cordial contact has been maintained with 
inclnstry, the Standards Association of Australia, and 
Commonwealth ancl State Departments interested in 
build i11g nnd development. Some 2,500 inquiries ( an 
increase of nearly 40 per cent. compared witl1 ln~t year) 
hMc heen answered. 

The Division contributed several exhibits to the 
Bnild ing Research Display organized by the Building 
nr~c:nch Liaison Service of tl1e Commonweal th 
D<'pnrtrnent of Works and Housing, whirh was shown 
rlming the year in all St.ate rapitnl cities except 
Brisbane. 

Officers of the Di,•ision delivered courses of lectures 
to students of the University of Mell)onrne, the 
Melbourne Tec1mical College, nud tlie Sydney 
Technical College. 

2. CONCRETE INVESTIGA'flONS. 

(a) Foamecl Oonc1·ete.-W ork on the preparation, 
properties, and us<'s of foamed ro11<•1·rtc wns hc,!nm somr 
years a2:o bcranse it wns apparent that, th<' srarrity of 
<letailcd information on the mnnnfocturc and proocrtica 
of this trchnieally rromising m11tcri11l wns .retarding it._ 
lm·p;e-scnlc production in :\.u~trnli:1. :\ltbo11c·lt mnch 
t·cmnins to hr done. the work al1·<'arl.v ncr·omplished ]111, 
been in no smnll measur(' rr~pomih]c, fo r the rnoiil 
inc1·cMe in the prodnrtion of fonmN1 ro11e'1'<'t<' whirl1 i~ 
now tnking place in this co1111trv. 

Durin~ · the past year rruantitative information wa!; 
obtained on tl1e rel a tionshins between method of foam
ing, grading of sand, deusity, mechanical properties, 
rate of drying, <limensional cll!lnges, and water 
absor.ption. 

The nroperties of fonmed concrete made in a com
mercial pl rt11t were compared with those of material 
made hv the same method in the laboratory; on the 
wb(\lc the factory-made mnterial waR better. 

'!'he noz11ola11i<' ai'ti\'itv (If Av fl~h nnd dinJ-omitr \\'fl, 

inve0 tirrnted aud it was fo1md tlrnt these materials are 
snitnhle for use 11s nozzol ans in foamed concrete provid
ing that thr.v fll'P pnlverizrrl so that at least 85 nm· cent. 
pa~ses a 300 B.S. sieve. Pozzolnnic activitv of flv ash 
wn, found to be increased by ca lei nation at 1,500° F. 

(b) Theor11 of Rnvht.re of Oonr,refe.-Thc purpose 
of this invest.iiration is to determine the criteria fo r 
fai lure of concrete uuder 1oad. Thi~ information is of 
basic importflnce in the rational design of all concrete 
Rtl'nctmes. The study .rennires a comparison of thP 
ultimate stren!!'th of mater ia.1 subier.te<l to uniaxial and 
to biaxial tension. M uch attention has bef\11 paid 'to 
rle,•ising a suitable testing technique for cletermininp; 

t.l1c strength tmder biaxial loads, so far without success, 
but promising results have been obtained with a form 
of uuiaxial tension test. An ordinary rylindrical speci
mPn ly ing on its si<lc is loaded in compression, so that. 
in effect the test piece is a thick disk subjected to eon
c-entratcd loads at opposite ends of the diameter. 
Failure occu,rs in tension along this diameter. A 
pliotoelastic analysis made by the Melbourne Technical 
College at the request of the Dfrision showed that the 
tensile stress distribution across the diameter is not 
l'jll i tc uniform, but the tests made so far suggest that 
ralues obtained arc closer to the true tensile strength of 
Ilic material than those _given by othel' method;;. 

(r) Dnrability of Ooncrefc.-Inquiries made during 
the .rear failed to reveal any durability problems 
peculiar to Australia, and since those t roubles that have 
been rc11orted are receiving wide attention overseas the 
stnd_r of dnrability will not be a major project. How
ever, attention has been given, and will continue to be 
given, to specific instances of failure of concrete. For 
exam ple, 11 short investigation has been made of the 
deterioration of cement mortar renderings on gypsum 
plaster walls of houses in the Murray Valley (see 
Sert ion 3 below). 

Because of some doubt about tl1e reproducibility of 
the Jv[ielenz Test, proposed iu the United States of 
. \ mc1·i~a for determining whether au :.ip:a;regate is likely 
to hr cbngeronsl_y reiictive with portland cement, a 
snu111 programme of tests is beinp: carrjed out in asso
r iation with the Department of Works and Housing. 
Samples of aggregates have been tested by both bodie.~ 
:ind thr resnlts so far have shown agreement. 

( d) Of.her Investigat-ions.-A. series of tests to deter
mine the effect on the ultimate compressive strength of 
!tardcnrd cement paste of the atmospheric tempc.raturr 
aud humidity durin,a; mixing and setting has been com
nleted and the results 11re being analysed to provide 
data on which to plan subsequent work. 

Ari,ing from the work of the Co11crcte Structures 
Committee of tlie Standards Association of Australia, a 
short im·estigation has lJeen made to detenuine whethe1· 
standard concrete test specimens should be cnred iu 
ordinary water renewed every 28 days or in water 
~atmated with lime as recommended bv the American 
Society of Testing Materials and the Laboratoires du 
Rfitiment <'t des Tr:waux P11blics in France. The 
results, wl1ich arc at present being analysed statistically, 
seem to indicate that the two method~ of curiup: giv<' 
~imila 1· r esults. 

Ad,·ire on the manufacture of concrete ,roofing tiles 
wns given to existing and potential manufacturers 
bnt no further work was nossihle on thr mortar surfacr 
fin ish rl(weloped previonsly. 

3. GYrsu11r PLASTER AND P r ,ASTER PROnroTs. 
(a) Dcrelo7rmc11[(1l Worl.·.-(i) VP1-mir11lite 

Plasler.-Pla,,ter containing cxnande<l vermiculite a~ 
an a1rgre!!,'ate lias been cxte11sively m;e<l in other coun
t1·ics. es1)eci a 11.r the U11itcd States, for :fire-retard ant 
pnrtitions and ns a lig-11twi>ight fire-resistant coa.tin!!' for 
stl'uctu1·01 steel work. Experimf'uts with Austral ian 
plll~tcr and ,crmiculiti> showed that. suitabl:v designed 
mixes nre cnsil:v handled hy normal plastcl'i112; tech
nirmcs, bnt serious tro11ble was enconntrred from 
rfflore.~r('Jwe du@ tf\ solnhlP ~;ilt.~ fnrn1r<l hv 1hr ;:low 
<leromposition of the vermiculite by the iranginir water. 
,:\s 11f\ reports have been received of similar difficulty 
in other rountrics, suppliec; of Amr1·ican and South 
J\ friran vermicnlite al'e bein!! ohtained to ~ee if thr 
r ffiorc~ccnce is due to faulty technique. 

( ii) Loocl-bearinq Plaster 8/nb W /117.~.- L<'ad-he~n
in!? plaster slab walls, similar to the we1l-1mown precast 
conr.rnte walls, arc being widel.v used in the lower 



Murray Valley and are of cons~derable interes_t beca~se 
tlie hourly stripping.made possible b;r ~he rapid settrng 
of plaster keeps capital costs to a mnumum. 

A survey revealed that despite the low rainfall 
external pla~ter walls are not suc. essful because of the 
difficulty of protecting the plaster from the weather. 
As internal load-bearing partitions tLese wal15 show 
promise but more work is r equired on the design of the 
l'einforcement. 
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(b) Basic Research.-(i) P article oizv JJislrib11lion. 
-The trouble, ruentioned in the Second Annual 
Heport (Chapter XIV., Section 5 (a)), that is caused 
by the finer fractions adhering to the walls of the gas 
eiutriaLor has not been entirely overcome by the use of 
the arnilable radioactive materials. Some plaster,s give 
more trouble than others but the reason for this is not 
known. It does not seem to be conelated with the 
degree of burning of the gypsum. Experiments in 
progress in which the finest mate•rial is removed by a 
special preliminary treatment and the rest of the sample 
is then •submitted to fractionation arn giving encourag
ing results. 

( ii) Mecht111is111 of Sel/i1,.1J.- Tl1i;; 11·u rk lias bcc11 
di rected chiefly to microscopic studies of the crystal 
growth that takes place when the plaster is mixed with 
water. Contrary to expeotntions, the finest particles 
obtained by gas elutriation of a commercial plaster were 
the 5lowest to crystallize, and crystallized iu a different 
form from those formed by the coarser particles. 

Preliminary measurements have been nrnrle of the 
rate of heat development duriug setting. 

( c) 'l'he Decorohon of l1'ibro11.s Pla~ter.- Jm·estiga
tions into problems of fibrous plaster decoration are at 
present related to mould growth ( chiefly on water paint 
films ) nn<l a greyish-purple stain caused by sulphide 
gases. These defee:ts have caused trouble in pre-cast 
concrete and other houses and field experiments have 
been begun in co-operation with the Victorian Housing 
Comm ission to compare the mould resistance of a 
nuiety of commercial water paints. To con-elate field 
bebinriom with l aboratory performance the rates of 
g rowth of moulds in humid atmospheres have been 
studied and analyses and estimations of the fungicidal 
ingredients of tl1e paints made. 

To indicate the presence of sulphide gases in dwcll
i11gs, sih·cr-platcd brass strips have been substituted for 
the less sensi tive lead acetate test papers formerly 
used. The tnrnish fol'med on the si1rnr can be used to 
ar<sess the sulphide .pollution. 

4. Lnrn AND Larn PnonucTs. 
(a) S'!trvey of 1ltistra.lian L ime Resomces and 

Indus/rial Plants.-The lime industries in Tasmania 
and v;r estern Australia have been completely surveyed 
and more works in Queensland visited. 

(b) T echnical A.d·t:ice.-During the year the Dirision 
was nskcd by the Australian Aluminimn P roduction 
Committee to co-operate in the consideration and 
designing of the lime-burning p1::mt, an integral trni t 
required iu its production cycle. Recommendations for 
the type and design of kiln and the hydrating plant 
wer,e made. 

.At the request of the Tasmaniau D epar tment of 
Tndustrinl Development a 1·eport is being preparerl 011 

the indust.r.v i n t-ba t State and rrc0111 m011Cl a tiom will 
be made concerning its development. 

Contact has been made with lime rnunufactnrcrs and 
advice on -plant and equipment and va1·ious pl1ases of 
the production cycle has been p;iYen. 

( c) Lime Rcsearch.-(i) l.Jimestone.-The P ermian 
limestones of Tnsmaui·a are being studied in detnil, with 
special emphasis on the metamorphosed varieties from 
Mount Nelson, Sorell, and Sanforrl. .\ srcondn ry 

iunistigation concerns the exact elucidation of the crys
Lalliue: stmcture of the mineral lnumontite and its 
dcbydrntcd mo<lificatio'l1s. 

( ii) Lime w1d ·ill; Jf7;urnles.--Tlte hydrution products 
of Jinw are being studied. .Samples of limestone, and 
liu1c vro<luced tliernfroru, arc being· analysed pre
pa I a tol'_y Lo choosing a material fo1· a standard sample. 

(iii) R,,/e 11/ Carbonulion i-n the Hardening of 
Lime 1llorlm·s.- lnvestigations are proceed111g to 
dcte1·111i11c if and to what extent carbonation is respon
tiible for the hardening of lime mortars. The results so 
far obtained suggest that in addition to the chemicai 
in·oce.,s of ca,rbonation, mineralogical and structura 1 
dlllnges occur in the rno1:tar body. This secondary 
harde11i,1g <:an bu due to a change from the amorphous 
l'omi of ca lei um carbonate formed in the early stages of 
1 cuction to a crysta11i..ne form, to an inversion to 
c:dc·iLe of au initially forilled. ar.agonite, or to a com
bina 1.ioJ1 of uotlt processes. l t is not easy to determine 
the <;ry.,talline form owing to the extreme thinness of 
the earbonatc fil:ns, and methods for the~e detennina-
1ionr; are being considered. 

( i 1-) Uorreclion of Unsoun,lness in )laynesian 
li11u.'s.-Hecen t cases of spailing in wall rendering~ 
ham been traced to tmsoundness in the lime, which had 
a comparutil-ely high magnesium oxide content and was 
hydrated at atrr.o~pheric pressure. When such lime is 
exposctl iu a reuuering for a long time, slow hydration 
of the magnesium oxide takes place witL consequent ex
pansion, and the rendering flakes aw,ay. In America the 
usual method of obviating the trouble is to hydrate the 
liigli magnesium lime under pressure, but as equipment 
for this is expensive and not arnilabJ.e at present i11 
.\ustrali a, an alternative method is being investigated. 
l t is well known that magne;:i urn oxide reacts readily 
11·itli lllag11es ium chloride or wagnesium sulphate to 
girn a h:inl, stable, magnesium oxy-salt known as 
" sore] cement", and it was decided to study the effect, 
uf addi11g these or related salts to l1igh magnesium 
lime·~. .Promisinp; results hare been obtn1nccl. ::,ince it 
:q1pears that the active agent is the chloriJe i ou rnther 
I !inn the s:il ts as such, i11vestiga.tio11s with other 
c·h lorides anrl hydrochloric acid a r e now l)eing carried 
out. 

(d) ;:-Jilicu .Hric/.; lnvestiyat·ions.-A. proposal by a 
Western .l .. ustralian -firm to erect a sand lime b1·ick l)lant 
wa considered in detail. The lime plant and some san:1 
deposits in tl1e P erth area were visited. The lime sands 
used ns a source of lime and the burnt lime hnve been 
cl1cmically analysed and the sl aking charact-eristies 
of t.lic lime determined. 

5. 0LA\"s AND Or,AY PuooucTs. 
(a) J:Jw·vey of the H c{io:IJ Glay Industry in .tlustralia. 

--The survey of tbc brick, ti le, aud pipe plants 
tl1roughout !i..ust,rnlia was continued and cer tain work~ 
1nnking· firnhr icks and r,0fractory products were seeu 
also. Tito inclustr v in Western ,lustralia was co1·cred 
rornpletcly and m;-st country yards in V ictoria werr 
risited. Ju New South ,Vales more ,,·orks in the mct,ro
politan area and clay and sha le deposits to th e west of 
the city and in tbe open-cut mines iu the WC'steru minino
rlistrict "·ere inspected. Several works i n South A.us~ 
tralia, Tasmania, aud Queensland were revisi ted and 
further consider ntion was g:iven to the c1ay resources 
:nHl th<' possibilities of expanding the brick and pipe 
rnrlustrics i11 those States. 

(b) Clay ?'e<:lrnology.-Pilot-plant inrestio-ations of 
elays f,rorn all States in Australia havo been ~onti.nued. 
.\ lthoug·h the µ lant is workin_t>; to its full capacity, lack 
of stnff is caus ing; <·onsiderable delay in dealu1g- with 
individual samples. · ' 

A lH'Operty of " nibberiness ", with which arc flSSO

r.ia terl certain unusu11] fio·w and dryinrr charncteristics 
has been observed in certain clays d~ring pilot-plant 



iuvestigatious. 'Ihis property, apparently related to tile 
piu-ticle size distributio·n and esfecially. to the hig~1 
silt content rather than to the mrneralogwal compo51· 
tion, is being studied to determine its industrial 
significance. 

!_c) 'J'echnical dd11ice.- During the visit to Western 
..'.:.\ustralia co11sitit•1·atio11 was given to l,he rnoJcrniz
inp; 0£ se1·eral of the brickworks in that State. ()Jays 
from these works have been forwa rded to th-e laboratory 
for in vostiga tio11 n.ml in o·no case a r eport has been 
p repared and recommendations made for complete 
reorganization of the works, including a change froru 
the sti:ff-plastiu to the s<'mi-dry method for making 
bricks and t.lte erection of tunnel kilns for firing them. 

Uonsiderntion has been giren also to the designs for 
new works iu R cw Soutb Wales and Queensland. Ulays 
for these works are a t preseut being tested. With the 
c·\1-vperation of Victol'ian State :rntllo·ri tics, visits were 
JUatle an<l a<lrice on plu111, ,md equipment was given to 
sc1·eral country works in Victoria. Visits have been 
made also to the 8tat,e Tile °\'forks in New South Wale.; 
and adrice has been g·fren ou the steps to be taken t o 
bring tl1om into ful I production. 

Ow i11g to difficulties in obtaining adequate coal 
supplies, the qu~stion of firing kilns with oils is being 
raised repeatedly wiLh the Division and advice ou 
oil :tiring of ceramic k ilHs l1as been given to :firms iu 
Adelaide and Melbourne. 

(<l) Glay Besecirch.-(i) lJislrib-ulion a-nd CJ011sl-i/u
lion of Olay.s.-Much information has been collected 
on the raw materials of importance in the J..ustralian 
heavy clay industry. They have been gro·upecl on a 
geological basis. 

An imcstigation of tl.tc mineralogical aud c0raruit: 
properties of the clays of the Brisbane-'l pswirh and 
Toowoombu areas in Queensland ·was completed by an 
officer of the Division during h is tenure o-f u O.S.I .R..O. 
Studentship aL the University of Illinois, Unite<l States 
0£ .America. 

(ii ) J:).~panded Olays.-T!tc irn por tanue of C)qrnu<led, 
or "bloated" clays in the mauufacture of ligl1tweight 
wrracotta ware and of lightweight aggregates for 
conc,1·etc has been recognized o·vcrseas iu recent years, 
and a ~t11dy of the bloating prope1·tics 0£ .Australian 
clay~ and tlic mccbani~m of the bloating process La~ 
beeH bcgnn. The relevant li terature has been su rveycd 
and infornrntio11 on eurreut investig:1tions ornr seas has 
been sought. In all pilot-plant and laboratory inves
tigations tl1osc clays tl ,a t ha vc showu a tenclenuy to 
bloat haYC been noted. In addition, the work on th(' 
clays of the Brisbane-Ipswich ar-ea has shown some of 
them to be suitable fo r the production of expanded 
aggregates aud a systematic sampling of these has n o,r 
been ninde. 

( iii) l.'ehy11rnlion of Clays.- The <legree to wliicl1 
lJ11rnt clay~ may be hydrnted has been suggested frorn 
time to time 11s a test for the completeness of hurning of 
clay products. The bcha1·iour after firing and subse
quent treatment with steam of Yarious "pure" clays 
and asso·ria tetl minc1·als is being studied. The pliysira I 
and miuera logi<:a l cliangcs undergone hy the an1ples 
will he cx::uu im·tl wl1e11 the nccessa,ry cquipwrnt is 
a vailablc. 

( <') Terracoita Boofin_q Tiles.- Tests on certain 
imported terracotta roofin.~ tiles showed that t hey did 
not comply with the appropri11te Australian Gt1mclnn.l 
Sl)ecincution iJ?, respect to strength :md absoTptiou. 
Results of wettrng and drying and sulphate soundness 
tests show tl,at the tiles sltonkl withstand normal 
wcat1ering as well as local tiles do, btit. may be seriously 
»ffected in t,he vicini ty of the sea by the (.\rystil ll i1.11 t ion. 
of sn lts within the t iles. 

!:l4 

6. CauLKl~G UoMP0UNDs. 

(a 1 (,'eneral.-Oaulking 01· join~-sealing compou:1-~s 
has many appiications both. in bmldmgs and ill civil 
cno·,neermo· structures wher e movemeut precludes the 
us~ of a. rigid seal. Studies of t!1ese materials by t_he 
Di vision w,ere undertaken to provide ~at_a necess11:ry foi
an Australian Standard and to obtarn rnformat1011 on 
the effect of composition on durability and the factors 
u·o,·ernino· the choice of materials for particular 
b M . l 
a ppJiuations. I nitially a wide range of commercia 
products used in buildings was ,exposed _to the we_ather 
nt Highett and at the same time exa~nned by simple 
laboratory tests with the object of rdat111g pe1:1ormance 
Lo rapidl_y determinable characteristics .. Useful r,es_ults 
arc now available. The original proJeCt has smce 
developed into the formal study of the rheology of 
1uastic:s generally and of miscellaneous problems asso
riat.ed with the sealing of joints in civil engineeru1g 
~tructures. 

During t.he year a documentary .film covering certain 
aspects of this work was released. 

(b) Hheofogical Investigations.-RLeological inves
tigations are fundamental in the study of caulking or 
joint-sealing mastics whose efficacy is determined 
primarily by the manner in which they accommodate 
imposed stresses. Experimental work on the depende11ce 
of llow proper ties of oil-based compounds 011 com posi
tion has now been begun. So far investigations ha,e 
related to tbe two-component system, mineral filler and 
l'Cgeta ble oi 1. 

( c) Other Invesliyat·ions.-Assista11ce on the sealing 
of joint~ in flumes and race lines has again been given 
to the State Electricity Commission. and the State 
Hil-ers and W•atcr Supply Oommis.sion i.u Victoria. The 
k1rge pneumatic caulkil1g gun developed by the Division 
has been used extensively for these projects but it will 
need modification to make it suitable for continuous 
opcni tion with automatic caual-lining machines. This 
will be done when information on tho rheological pro
perties of tl10 mastic neecle<l has been obtained. After 
prelimuiary trials a mastic based on n fatty acid pitch 
,ms recommended for use and the ilow properties of this 
material arc being investigated in the laboratory. 

i. Co;-,;c.:1'.1,;-ri,; FLoon 8u1U-ACEs. 

Tl1e purpose of the stud.r 0£ c:oncrete floor s udaccs 
is to determine the conditions necessary for concrete 
floors to be generally acceptable in domestic construc
tion, . Uie usual objection to them beiug that tl1ey are 
"cold aud hard". 

(a) Ph_,1siological l11ve~liyol·in11s.--(i) J,Jfl'ed of 
'/'hcrmul L'roperfies.-ln the ri-" vi011 .-; Annual Report 
it was stated that a mathematical theory based on 
certain simplifyi1tg assnmptions, had been' eYoh·cd to 
c- nlcula tc LlH· flow of heat between shod feet and the 
floor and that experiments for t,he purpose of checking 
tl1e theory had been conducted on se,cral subjects in 
:·ariun,- degrees of ac: tivity from sitting to brisk walk
rnp:. \\/11011 the 1·esult:; were analysed it was found 
tl:M the,1· 11·erc too nu·ialJlc to proYide a precise check 
of the thco1·y . It was also apparent that such cxpcl'i-
111cnts ,should be 1,crformctl in cold 11·enther when the 
,-,~1hj_cct's sto re1l heat w_onld be low enough fo1· cq_ui
hl,num to be reacLcd rn a reasonable time. Experi
u1rntnl work was, therefore, .~nspcnclrd until Jnne, 1951. 

1fonsurements have been made of the surface ,tem
per ntm·es of a concrete floor in direct contact with the 
g:·01u1d and. smfueed i.n different, way,:, The rnaximum 
chfference found 1Yas 1.5° C. bctwcrn coxk and bare 
<•oncrete. No _difference in the air temperatures could 
be detected 2 rncbes above the Yarious surfaces. 

(ii) £iJ,O'~cf. of )l<'cliani,·al Propt'r/ irs.-.\ lthnug11 thr 
:vork previously repol'ted on the measurement of the 
rnshmtaucous p1·cssures on the sole of the foot failed 
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to show auy difference between rnriou~ ~ul'faees, studies 
of the deceleration of the head of a barefooted subjeet 
:-;howe<l significant differences. This work is being 
extended to subjects in leather shoes. 

(b) Abra1>ion Tcsli11g.-The examination of the 
characteristics of the widely used "T,Lber .Abraser" 
has bce11 continued. .Lt Jia:; been found that misleading 
resnlts are obtained if materials of widely different 
compositions are compared aHd metlwds of o,·crcoming 
this disability arc bci11g i1~vestigatccl: T~ correl_ate 
laboratory 111easuTe111ents w1 th beh:w1our 1n :5erv1ce, 
rnrious floor-surfacing materials lrn v(· been lmd in IA 

busy paBsage w•ay. 

~- vV ALJ.-SUHI<'A< ' l1"U AL\T1m1.\LS. 
:Methods of testing low-eost wall-snrfocing materials 

for kitchens and bathrooms are bei11g i 1wcstigated S<J 

that their suital,ility and durability may be rapidly 
all(] reliably assessed. The mechanisn, by which soap 
damages paint-type wall surfaces is being studied also 
so that a kuowlcdgc of the way in wl1 iclt the materiab 
fail will l1clp i11 <lesigning more resistant ones; 

(a) 1\Lec/ia11is1n of .d.tlack by 00<1JM,-.Experirue11ts 
have contiuncd on the action of synthetic detergents 
on linseed oil paints, alkyd resin enamels, and a nitro
cellulose brusliing lacquer. These detergents, although 
of low alkalinity, were found to produce damage 
similar to that caused by soap solutions. The known 
ability of solutions of soap and synthetic detergents 
to dissoh·e water-insoluble materials plays a great part 
in tbc dc>structio11 of 01·ga11ic surface coatings, and 
consequently resistance to alkali does uot neccssaril,, 
mean resistance to soap. This is iw portant in testing 
such coat.ings aud in designing- impn>\'C·d 0i1cs. 

(b) Lal,umlory T esting .Melhuds.- The cy<·lic soa ;i 
spray ca bin ct ltns been usPd f:o rxa mi1w c·o111111r1·rin 1 
materials previou::;Jy t,estod by 11on11.d hiboratol'y 
procecl11l'es. ~\l thougl, most of tho 111atcrials behaved 
si111ilnrly wben tested in both ways: t.J:cl'e were so1J1e 
conspicuous exc0pt.ions. This emphai;izes the need for 
n bel.ter nnderstan<ling of the physics aud chemistry 
unrlerlying the te~ts aucl breakdown i11 serYiC'e. Work 
is continuing- on the de1·clopmr11t of thi,; m<;>thod of test . 

(c) E.~perimenlal ln.slallalio11s.- .Experimental in
stallatio11s. (now two and n l1alf ycins old ) of pol,y
styi-e1w tiles hfl\'(.' ,;hown that they gi1·e reasonably 
satisfactory service. Glosd ha:; cletc•rioriltcd, but can 
b ... l'Cstorecl by l'ubbing the tilrs 1ritl1 a soft clut.h. 
Howe1·er, failures of the ndliC"sil'C a re numc!'ous and 
extcm:iw. The adhesion )1as hcl'll poor on hardlJoard 
and asbestos cemcn t sheet, better on plywood, and most 
satisfactory 011 plaster and plastt'rbcrn rel backing,:. 
Tests of available adhesi\·es han• hcPn begun to prol'idc 
data for the forn1ulat.io11 of better ones. 

[nstallatio11s of £aetor_y 111,cquel'ccl bal'dboard of tl1l' 
$!111'1(! age arr beginning to sholl' sip:11~ of damage "·hen• 
they are exposed ,to steam a ad splasl1cs of so:ipy water. 
Th<' f;ypc of damage is ~im ilar f·o t·liat obsen·cd iu 
accwlerated labor.ato1·5• tests. 

0. Bn·u llr..,01·s Rooi:ixc; niATl,tt JALS. 

This stud_y is of ('Onsiclernblr interest to the buildinr,· 
industry in Austrnlia, si1we flat roof.~ i11 this c•otmtry 
h:n;c the repatntion of bei11g s11bjec·t to fai.lmc. 

(a) Field S·uri:ey of Flat Z:011j's.- The snrvev 
throughout ilnstralia to sf udy coustruetion techniqu;s 
irnd to assess roof performance and the effect upon it 
of climatic conditions has been c:omplr trd, o,·er 150 
roofs hu,1iJ1g been examined. The data are being 
analysed and incorporated into a repor,t. It was 
found that roof performance was lllnch improved wbe11 
reflective or shielding treatments against solar radia
tion were employed, and that asbestos fe lts appon.red 
to gi,·e eon,:idc1·ahly longer life than organic fibre felts. 

However, the waterproofne:;s of :fiat roofs depends lesM 
on these factors than on the design and execution of 
the work and in particular on the treatment of f!aslt
iugs aud other joint.; in the roof membrane. Here tl1e 
standard of work seems oJten most inadequate and 
coHsiderations of cost appear all too frequently to out
weigh technical requirements. Comprehensive code.:; 
of pract.ice are :urgently needed in .Australia and it is 
hoped t_hat the report now in [ll'Cparation may supply 
s0111c of the data needed for them. 

(b) Laboralory !:ii ndie~.-Further study of the bond 
~treugth of laminates of various roofing membrane 
111aterials has confirmed that there is better ad.hesion 
betll'ce11 layers of saturated felts than between layers 
of bitun1en-con,tocl and mica-dusted roll roofings. It 
is_ hoped that analysis of the results of the field survey 
will show whether the susceptibilit_y to blistering of 
built-up roof 111ernbnrne" is related to the degree of 
ud hesiou. 

The properties of se1·end grades of .l,,.ustralian-made 
bitm11inous roo.fings p1·opared with local and im:µorted 
basr felts have been studied and compared with those 
of roo6ug., manufactured O\'Crscas. The Australian 
felts had saturation speeds and capacities lower than 
r.hc overseas materials probably because the most suit
able types of raw material are diffi.cult to obtain in 
this country. J )iffel'Cnces in distribution of the 
bituminous ingretlicuts because of the different feli 
charncteristics were noted. Samples of overseas 
r?ofi.ngs co11tained more saturant and less coating 
b1tun1cn and were more flexible than Australian 
roofings of comparnble weight. 

Obserrntion oJ smfacc temperatures and the 
helm 1·iour on woatlicring of various experimental roof 
111(•111brnucs c-oust.n1cted at Highctt Las been continued. 
The data have not yet been 1rnalvsccl but the tentative 
l'Onc•lusions prcriot;sly reported ''1iav~ been coniirmed. 
'1'110 rnaxinrnm surface temperature observed was 
1 '4° .F. on au nntreatcd bit11111inous st11·face. The 
temperature of a sinJilar surface paiuted with white
\\'f!sh wus 40° F. lower. 

(c) E :rpcrim<'nlril Roof Jliembranes.- More full
~~ale tri~ls hare bcc~1 made to allow pilot-scale evalua
tLOn ot constrn:;t.1n11 techniques and membrane 
1,1atcrials. A.l11mi11i11111 foil l1as given particularly 
pn"ms1ng results, h11t its bC"luwionr rnust be studied 
ornr lon_ger periods of exposure before it can be 
thoroughly l'lldorsed. 

10. H1,:,1T lNl'l,;i;TWAT10~1$. 

The installation of two guarded hot-plate units for 
n1eas11ring the thermal conductivities of buildin"' 
111atc1·ials is almost complete. 

0 

The literature 011 absorption and ewission coefficients 
for solar and l011·-ternpcrntme radiation has been 
w n·eyod and· the figures tabulated. As this has 
revealed th:it there a1·c many gaps in the information 
an1il11ble, equipment to measure coefficients will barn 
to l>e installed. 

The electrical analogue mentioned in the previous 
.\.nnual Report hns been wired and is being checked 
aµ;oi:1 st thcoreti{'all,Y known cases ~ncl . thermograph 
1·eadrngs taken d1.1rn1g the summer rn d1 lferent types 
o.f honses. .Mat henrntical iHYestigations of the errors 
introduced h,v the necessary lumping of tbc electrical 
resistan(·r and rapacity ha\·e been made. 

11. clRClU'l'ECTUl(,\J, .lcor;wn cs. 

The studies in architectural acou_,ties concern t.he 
acoustic b!'!ha'l"iour of 1·oorns and halls. Room acoustic 
desig11s are based on reverberation time theories but 
even so tl1_c results ~re quite frequentl.r uusatisfa;tory. 
Research 1s proc-eedmg along two lines : the correlation 



of subjective impressions fornted l,y a h steuer with 
the measured properties of the sound wave, and thP, 
correlation of these objective proJJertics with room 
shape and bounding materials. 

Subjective experiments _which entail rncasuremen t,; 
nnd observations of existing halls are at an early stage. 

Con-elation of objective measurements with room 
shape :rn<l. materials has not been a ttempted experi
mentally because of the expense· involved, and 
mathematical analyses arc accurate ouly fo1· rooms 
of regnlar shape. These difficulties could be overcome 
if i t wore po.ss.ible to construct an acoustic model, i.e . 
create a space of srna lier climeusion:; whose acoustics 
can be r C'la tcd to those of the full-si1/.C space. Theoreti 
cally this is possible i f t lie model be at a scale of 1/ n, 
if the model freq ucncy be II times tlrn t of the full size 
and if the bounding surfaces have equal impedances 
at the res pee ti rn freq uencics. Th is theory is bein g 
tested cxperi111e11tally by using a room 44 feet by J 6 
feet b_y 1l feet as the fu ll size 11nd 111aki11g a 111 odel on 
nbout 0Jtc-qual'tcr scnk. 

Acoustic iinpccl.tnccs hare bl!c:u 111easurctl Li,y the 
transmission-charnctcristic rncthod described more fully 
in the p1·e1·ions Annual Hcport. By its use p a irs of 
surfaces have been found whic·h sa tisf y the criteri oll 
of haying the same impedaHCc at the different fre 
quencies required in the acoustic model work. 

12. OT1um lNvJ,STIO.\TIONS. 

(n) B fj/01·esce11ce.~ Work has continued on the study 
of the nature and mechanism of effiorescenee 011 

masonry walls. .\.dditional san1ples of cflloreseencr: 
an<l of aquco11s extracts of masonry materials haYc 
been ann lysed. 

(b) Damp-pruof Uoursc ,llur lnr.s.- Im·estigations 
were co11tinucd ou dnmp-proof c:oursc mor tar:; to dcrin, 
a stand:nd specification for thrir pcrfornrn uce. Pro
gress wns disap pointing, hut 1·csults so far i ndicate 
that the pN fo rnurncc of t hese rnor tar.s as water baniers 
depends too much on rariable foc tors suC'h 11s briek 
suction and amount of mixing ,ra tei- to allow a ~t:indard 
to be forn1ulated. 

(c:) Under-floor l"entilcilion.-~\.11 invcst.ig·ation o'i 
under-floor conditions in S<ffcra l r ece.n tly co11st r uctecl 
houses in :Melbourne w11s made to determine the 
ndcquacy of ventilation and the pa.rt played by high 
under-floor humiclit;r in pro111otiug dt;y 1·ot, in tern a l 
dampness, and mould g rowth on walls and ceilings. In 
sulllmer, rebtirn humidities \'arying little from 80 
per cent. were recorded undei· houses in co1nentionally 
ventilated floor spaces and during the aut umn the_y 
roso as high as DO per rent. lt is therefore expected 
that under win ter conditions the a ir under such houses 
may become saturated. On the other hand, the 
humidity in Yery well ventilated under-floor spnces 
luis been found to be close to that of the atmosphere. 

The investig ations are being continued to see if th'! 
1·e1·_y l1igl1 humidity necessary for t·he g rowth of dry 
m t docs occur in winter and if high uuclcr-fl.oor 
humi,li ty inflncnces condi tions iusicle houses, and to 
find the minimum ventilation required to produce 
approximately atmospheric humidity under houses. 

XV. WOOL TEXTILES. 

J. GEN.ImAT .. 

Research 011 \\'Ool production bas been iu progress in 
t\ie Organizati~n's laboratories for many years, an d 
smcc the establishment of the Wool Textile Research 
Laborntori,e.s in Melbourne, Sydney, and Geeloug, ~n 
1950, tl,e fold of research has been extended to obtarn 
information to ena blc wool to be improved as a t extile 
fibre and to reduce costs of production of woollen, 
worsted, u nd felted 1110 tl'1·in k 
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Although difficulties have been enc~untered in p1_-ocur
i11g suitable laboratory accommodation and staft who 
have had the ex1)erience desirable for research on wool, 
some progr~.ss .l:tas been made. A property has been 
purchased for the Melbourne Laborato~·y near ~he 
university of Melboume. Laboratory services are bemg 
iHstallcd and it is proposed to transfer from the present 
um1porary quarters in :Flinders-lane to the lfoyal 
l'ai-ade 1n-operty late in 1951. The sta~ of the ,~ydney 
Laboratory, wllo were guests of vanous O.S.l.R.O. 
labora tories until June, 1951, are now temporarily 
accommodated in space provided by the Organization's 
Uoal Hesearch Sc.ct1on at Ryde, N cw South Wales. In 
.'i..ugust, 1%0, the staff of the Geelong Laboratory trans
ferred from the Gordon Institute at Geelong to ne,v 
temporary quarters on the O.S .I.R.O. site at Belmont. 
~\.pprcc:iatiou is again re.corded of the co-operation of 
the Gordon lnstitute of Technology, not only in pro
riding accommodation for the first few months of the 
year, but also in rnaking available ~achines and equip
ment for use by otlicers of the Wool Textile Research 
Laboratories. 

The opportuni~ies fo r obtaiuiug adrnnced traunng 
a 11d r esearch experience in fibre scie11cc in Australia are 
rery limited, and it has therefo re bce.n necessary to 
recruit research sta:lf from other fields. Some recent 
uui rnrsity graduates in physics and chemistry have 
been appointed to traineeships which will enable them 
to proceed to recognized textile research centres in the 
United Kingdom for intensive training before returning 
to positio11s in the Wool Te.xtile Research Laboratories. 
Several years must necessarily elapse before the 
Laboratories are fully staffed with research workers 
adequa tely traiMd for the wide range of investigations 
proposed. In the meantime, however, it has been 
possible to extend the range of wool textile investiga
tim1s i11 a ll three. centres. One of the additional projects 
in itiated in the Melbourne Laboratory concerns the 
fungal degradation of textiles. This research is allied 
to im·estigations already in progress on depilatory and 
other euzym<'S from moulds. 

F ollo11·ing tl1c return of th1· Ofticcr-iu-charge from 
0Ye1·scas, the programrue of research to be unclertakeu 
at t he Syducy Laborntor_y has bee.n defined more pre· 
c-iwly. It co\·crs the physicnl properties of fibres, with 
pa rticula 1· referen ce to wool, the physical properties and 
bPha1·iom· of assemblies of fibrc.5, and the physical and 
<•ng ineering J} l'Oblerns of -fibre processing. 

. \ t the G eclong La.born tory new investigations include 
ol ud ics 0!1 combing and batclJing oi \s, bleaching, dyeing, 
and l'h C' J<'.t process of sohent scounng. 

. in a~cordance ,rith the policy of anauging frequent 
discusti1ons bctwe('n officers engaged in wool textile 
r()SN11·ch in the W ool T extile R ese.arch Laboratories and 
iu other Di\·isions of the Oi-ganization the Second Wool 
·~ex~ilc R esearch C_onfrre1! <'e was 11elc1 a t t he Organiza
tion s H e.ad Offire m A pnl, lDGl. 

.\ tlisplny of branding flnicl s, 1111slu-i11kable wool and 
fpl] 111 ongeriug methods \\'as provided for the Oent~nary 
a11d ,Tnbilce E xhi bit ion 11eld i n ·Melbourne during 
:1larf' h and Apr il, 1951. 

O11·ing to iucr-c.ascd demand th0 c- irnulation of the 
T extile. ~ e\\'sk tter from the W ~ol Textile Liaison Office 
ii t t.hc . Geelong ~a bora tory 11011· exceeds 600 copies. 
There 1s a growmg demand abo fo r the Circular to 
F cllmongers \\'hich is i ssued fron1 the Melbourne 
Lr.borntory. 

I n the account \rhich follo\\'S the work described in 
Sect_ious 2, 4 (b), ;5 (b), 9, 10, '11, 12 (a ), antl 16 was 
<·arncd out a t the Wool Textile Researcl1 Laboratory 
Gcelong, tl~at described un~le~· _Sections 3, 5 (a), 11 (c); 
14, Fllld 1n refers to 11ctiv1t1es at the Wool Textile 
R esea rch Labo1·ato~·y, Melbourne, and Sect ions 7, 8, 
and 12 ( b) descnbc research at the Wool T extile 
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Hesearch Laboratory, Sydney. Se.ctions 4 (a), 6, an? 
13 describe projects under investigation at the Orgam-
1/.ation's Division of Industrial Chemistry. 

2. BRANDIN G Fr.urns. 
Laboratory and :field experiments have been con-

1,inued to improve the. lanolin-base-emulsion (L.B.E.) 
branding fluid no11· being manufactured by many firms 
in Australia and overseas, and several firms have been 
assisted to overcome problems associated with its manu
facture. A disadvantage of the L.B.E. fluid is that it 
tends to run if raiu falls i111111edi!ltely after application 
to the sheep. :Experiments are no_w i11 progress to o,'.er
come this defect, and encouragmg results are bemg 
obtained with a modified preparation. During the 1951 
sne.aring season this new p roduct will be widely used in 
large-scale field tl'ials. 

Adrice wns also given to assist iudustry with the 
elirni11a tion of stains in \\'Oollen goods due to the 
prcsenc_c of brm1ding f-lnids not removed in normal 
(ll'OCeSSlllg. 

3. F1,;LL1\(0NO.ERING. 

'J.\ ro pro<.:<'~ses ha Ye be.e.11 recommended iu the Organi
zatio11's publications for the recovery of wool from 
~l1cepskin pieces aud brnken ski11s. Both require initial 
shrinkage of tbe sl<i11 tissues i.n hot water to promote 
subsequ<-'Jlt digestion. In the :first process, digestion i~ 
e-Jfectecl Ly soaking fo 1· <•igl1 t hour:· in an extract of 
mould brall rich i11 proteolytic enzymes bcfore con
tinuinll' tlic digestion in warm water. In the second 
proces~ \l'ill'rn ll'ater is used throughout for the 
din·.est i~n which depends solely ou bacterial action. 
O~·ing to' tlw higl1 cost of produ~ing the.m ould enzymes 
<·ornmcr1'ially in tl1is coun try, tl1e :first 1n·ocess has had 
nnly l irni to<i c1pplicat io11, but the second is becorni11g-
11·idel,y used with grntifying results. 111 sou:1e iusta)1ee~ 
the quality of the wool recover.e.d and the pnco obtamed 
nt auction ha\'c been equal to those of some of the best 
shorn \\·ool. 

Considerable in te1·est in the new processes has be.en 
displayed uot only i11 Australia but also in the United 
IGngdom am] in New Zealand, and information co11-
rr.rning them has been provided for rc~carch worke.rs 
and mam1fact11rers in these countries. 

Pmther work is in progress 0 11 the bacteriology . of 
thn water digcsti01i prorC'~s, 1wimarily to detr.rnnnc 
wliether met.hods C'fm be de1·cloped to shorten or 
P!iminatc the lag phase in the water digestion procc.ss 
ancl thereby accelernte digestion. Conditions leading 
to bacteria] discoloration of \\'OOl arc fl lso under 
examination, for a better nucl-e.rstanding of the eaus~s 
r,f diseoloration should enable fellmongers to aY01d 
this type of dcterioratio11. It may also throw some 
light on the nature of the staiuing of wool whicl1 some
times oc<·urs 011 sh eep in tl1c :field. 

4. S coumNo. 
(a ) Low-le111 peru/11re 8couri11,q.- T lw work on tl11· 

!01r-te111pcrnture scouring of wool by th<' Physir11l 
('he111istn Section of tl1e DiYision of Tlllln;;trial 
OhCJnistl'J' has continncc1. An atten1pl to U$e th1• 
process indnRt,rially failed hccanso of the prese11 t trenrl 
toll'ards using st.e.arnte soaps rather than .tl1ose of tlt1• 
oleate type. The stearate soaps are not suffir.ient.1.v 
~o]uble at room temperature to g-ive a good scour. 
llternativc detergents ct.her tl1an tl1e s11<'er•ssfnl olC'at\' 
are being tested. 

(b) 1l clion of ~com·i11,17_uiquors on W o_ol Ji'ibres.-:
Tlic r.ffer t of scounng solu tions on the elastic p1'opertic, 
of single fibr-es has been studie<l. Contrary to general 
belief it lia!l been fotrnd t·hat fibl'es do 11ot show much 
clecre;sc in strength after bei11g- immersed in a ]1 ighly 
alkaline soap solution and _then dried '.vithout r insing: 
This indicntes that; wool 1s more resrntm1t to allrnli 
dn mng-<' than wns generally supposed. 

F.6054.- 7 

5. 80LVJ£N1' DEGltJ£,lSING, 
(ci ) Drnm P1·ocess.- Reticulation of the pilot plant 

for testing the rotating drum solvent degreasmg process 
at Maribyrnong is now complete. The pla11t h~s been 
tested for leaks, al tel'llatiYe metho<ls of e.vacuatmg the 
system hare been cornpiu·ed, and sever~l of t~e . com
JIOllCJ1ts of the plant hare bee_n teste~ m prelunmary 
trial.;. Difficultie,; iu procunng smtable st.a-ff have 
delayed full-scale trials. 

( b) J el l'roce~s.-ln J..pril, 1951, work w~s com
rne11ced on a jet method of solveJ1t-scouring which was 
origi11ate<l outside the Orga11iza~io11. A large-scale 
comLing trial is about to be earned out on wool pro
<.:csscd by this method in comparison with similai' wool 
proeesse·d uy normal scouring. I t is hoped in this way 
to obtab1 information on the relative meJ·its of solvent
. courcd au<l normally processed wool iu combing and 
,.ubscquon t 111a11ufacturc ; there has been much specula-
1·io11 c1 11 thi~ subject, but little exper iment. 

6. W OOT. WAX. 

Thi$ by-product of tbe w?ol~en _industry ha~ ?~en 
:;rnd icd fur tlicl' by the O1·gamc Sect ion of the D1vis1on 
<it J.ndu.strial c ·be111istry. Its conversion iuto wax 
alcohols 1rnd ncids by alkaline hydrolysis was examiued 
1,0 dcr elop a sim pie method for this operation. The 
1nPthod l1a s been sl10wn to b.c. suitable for the ready 
preparation of large quantities of ,\'ax alcohols. From 
i-l1csc the rnluable cholesterol "·as rasily isolated and the 
1·c111nining 111ixture of tritcrpenes and aliphatic alcohols 
lias been l'l1e starting material fo1· strnctural studies of 
t ]l(',:.c t ll"o p; l'Oups of ronstituents. . . 

Tl,e ,:tru<.:tm c of the triterpcne, lanosterol, 1s ~till 
11nk11011·11. ~fany 111etho<ls to discover it ha ve been tried, 
hn t 0 111'· a l't•11: hare ;;l101rn p romise and are. being 
r,,llo11·Nl up. Thr \\'Ork has resulted in the preparation 
of 11 1111111bcr of ne1r derirn t il'Cs of Jauosterol. 

'T'hc ~t ruct1ll'es of some of the aliphatic wax alcoho'ls 
li.t n ' lw-f'.11 dctern1i11ed. .After the tl'ia 1 separation of 
(•11 1·11u11ba 11·nx 11 lcohols hy tho p1·occss of amplified 
di~t illation, fl1ese 1rnol wax alcohols were submitted 
to ., i111ila r tl'l'Rtmcnt. ,\ s expected, they were less 
1·<•11<lilv ,,.e.pnratcd, but no,r a number have been isolated 
i11 :i ~·t:1tc of purity. Thc_y constitute a nornl gl'oup of 
11:1 t11rnll.r oec:111Ting alcohols. closely l'C}atcd to tl1c wool 
wax :irids. 8<']lill'ation of wax estel's by physical moan,: 
i., c·1mtinniug-. 

T11 tlw Physical Chemistry Section of the DiYision 
of 11l(]ustria 1 Chemistry wool \\'aX is being rccoveJ·ed 
fron1 snom liquors b,y an aeration ( flotation) ntf·thod. 
l3_y c-011 trolling the tcmpr ratu!·e and pH 1·a_lue, _more 
thnn :50 1w1· cent. of the \\'ax 1s recovel'ed with Hmple 
1•quip111e11t. This 11·Hx i~ free from dirt and soap. 
Scour plauts will l)e able to u se this process to produce 
.sn 1n hl <> wnx from tlH'ir d isea rdrd li<]UOl'~. 

7 . .C.11mox1zn.G . 
.\ ltliough carbonizing is a ll'ell-esta1Jlish.ed process for 

r1•11HH·i11~ rc\2.·rtnblc• nrntter from ,Yool, the. exact effect 
of th<· ll'idr range of op<• 1·ating conditions and altcrna-
1 in· tl'rt1 t1 11C'11 t hn nel'er bern properly investigated. 
r11 1·li<' r arl,v stages of this 1rork a ttention is being 
n•.stridc<l to the devrlop111c11 t of a method of rneasurin~ 
tl,r r ffcc-t of thC' carboni,1i11g treatment on tbe wool imcl 
011 tl1c bmr. A ballistic test is being t ried to assess 
th-e. ll'Ool damage and a machine is beinµ; tested which 
i~ clcsigllt'd to menrnre the " r rnsbabilit?" of burrs 
hC'fo rr nnd Rftr1· rn rbonizim.r. Rome mill tests ha rn 
also hcrn initiated on the effect of ca rbonizing with 
~11l ph11rir 11r id on tl1e fel tinp; of wool. 

8. ·wooL DRYINO. 

Wool i.• wetted and <hied many times cluring pro
ressi11g-. 1\ 1'horongl1 unclerstancling of tl1e pl1ysical 
lnll'., ~o,·0r11ing tl1r loF~ and acldit ion of water is 
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necessary to tbc prnper design of drying machinery 
and for process control. Experiments are being carried 
out in an effort to determine the most efficient way to 
d1·y wool without damaging the fibre. Interest centres 
on economy in time as well as economy in power. The 
work to date has been in the ,field of forced convection 
air-drying. Temperatures, rates of air flow, and 
mcthocls of ai1· circulation have been varied. It is 
clear that drying techniques sJ1ould be dictated by the 
state of "dryness" it is desired to achiere. Water 
becomes more difiicult to remove as complete dryness 
is approached and, al though in tho laboratory it is 
often necessary to reach a state of bordering 011 
absolute dryness, r equir ements arc not so rigid in 
industrial processes. 

Other methods, including raaiation, rncuulll , and 
high-frequency drying, have not yet been examined. 
It is hoped to obtain information of a fundamental 
nature about the hygroscopic <·harac-tt•r or woo l a11,I 
its r elation to the irnporl'ant thel'mal pl'operties of 
wool textiles. 

!J. YAnN 1\1:ANUFAC'l'UI!E. 

A sy.stcmatic study is being made of the action of 
textile lubricants in ,rool processing and some 
unexpected resuJt.s lia\'O becu obtained. It lrns been 
shown that products normally used, such as olive oil, 
modi.fied mine1·al oil, and ncatsfoot oil, do not act 
as lubricants but actually increase the friction between 
t.h e wool and metal. Preliminary cxpel'imcnts indi
cate that frictiou between the wool fibres themselves 
is also increased. 

10. BLEACHING J\ND DYEll:\G. 

lt has been found that peroxide bleachi11g is 
probably the most damaging of all the wet p rocesses 
normally wpplied to wool, and research has been com
menced to develop a less harmful method of improv
ing the appearance. 

Investigations ha,·e been carried out on low-tem
perature methods of dyeing wl1icl1 depend on the 
formation of eolom s by i nteraction bct\\'cen the 
chemical groups in the wool fibre and added chemicals. 
It was found that "·ool can be colour ed in this wa.y 
but, in m ost instances, the resulting sl1ade is not fast 
either to washing or to light. So fal', only one colonr 
has been developed wh ich gives a satisfactoi·y fa stness 
to light. 

11. 01u;,\LWAL 11foDWW.\'l'JON OF WOOL. 

(a) !lpvhcalion of Resins lo H'ooZ.--Studios Lan· 
been continued 011 the ll'pplioation of resi11s to wool 
1111d their effect,c; on tho properties of the fibres. 

R esins may be either app1ied to the fibres externally 
or deposited internally. An exnm ple of tl10 for mel' is 
seen in tho modified nylon prncess for shrinkproofing 
l\'Ool fabric, which has been furthe l' de1·eloped during· 
the yeal'. In thi,; p1·orosB, the ehem irally-rnod·i6ed 
nylon is dissolved in ethanol and the fabric impreg
nated with the solution. The fabric is then dl'ied, 
leaving a surface deposit of tbe 1wlon resin ou tbe 
wool. ,On t reatment with a dilute solution of acid. 
the modified nylo11 revert~ to tho original nylon, 1,-hicl1 
is then able to prevent felting and shrinkage artd 
also to increase resistance to wea1·. When using 
another typo of modified nyloJJ for impregnating tbo 
fabric, regeneration of nylon is accomplished by heat 
t reatment. 

T he nylon impregnation process is being developed 
on n pilot-plant scale, and attempts are being made to 
combine it with t.he alcoholic alkali shrinkproofing 
pl'occss, since both treatmc11ts can be applied simul
lnneonsly in the one bath. 

OtlJ~r resins which may effect shrinkpYoofing of 
11·001 1,·hen applied as surfo.ce dop_o~i~s are al~o being 
examined. ln ·par ticular, the poss1?1hty_ of usmg :wool 
i tself as II shl'it1kproo:6.ng agent 1s bemg exammed. 
V nrious meibods of dis.solviug wool are being tested 
i11 au atteu tpt to find one which yields a soluble product 
"·itli l ittle degradation of the keratin. 

.\tt.cntion has also been given to the internal deposi
Liou of rnrious vinyl resins. It bas been found that 
while ll'Ool can be made shriukproof by depositing 
th is resu, internally, a much greater qua~tity of 
polymer is required than for su rface deposits. An. 
iutcrual deposit of r esi11, however, reduces the elas
ticity and tho ell.Se of stretching the fibre. The harder 
the r esin used, the more difficult it is to stretch the 
fibr e. 

( u) ,l clion of Shrinl.:z>roofing Reagenls on Wool.-A 
,:in1plt> 11 to<"h11nica l inetbod has been devised for remov
i11g a11cl <·ol lect. i11g the sC'ales from tbe wool an<l it is now 
po.•sible to s tu<l.y in clet11il the action of sb1·inkproofing 
rcar.-euts OH Lhe scales and so detect minor chemical 
elia~tges in the smface layers of wool fibres which may 
not l,e detec:ted when the entire. wool :fibre is sub
jected to analysic;. 

1-'reliminary studios using this technique show that 
alcoholic alka'Ji destroys a 11 tho cystine in the scales. 
Ulrnnge.s in other amino acids also result from t reat-
1J1cnt with sulphmyl cliloride and chlorine, but the 
experiments are still in tho preliminary stages. A 
micro-method for qua ntitatively estimating the amino 
acids in wool is bei11g worked out in connexion with 
this investigation. 

:Experiment.~ ha \·e also been curried out in collabora-
1 ion with the Defence Research Laboratories on the 
e~ta blishmell L vf an A ustalian standard for shrink
pl'oofing ll'Oollcu underll'ear. I n this work, it has 
been found thut a commercial w11shi11g machine of the 
lio1·ir.ontal cage type is almost as severe as milling 
stock;; in J) l'Oducing shrinkage in wool. The methods 
used in most commercial laundries are also quite severe, 
whilst domc~tir hancl-ll'asliiJ1g results in the lightest 
tl'entmcnt of all. 

(c) Sfubil-izin.v Bcaclions.-Rosearoh has been com-
111c11ccd 0 11 the 11se of ce1tain types of organic com
pounds to iutrodnce 11cw cr oss-linkages in to wool and 
it lw,; hPen found that the moth-l'(~sistance of tho 
modified wool is increased by some of the tr eatments 
used. 

_\ 11c11· c11zy111c digestion method bas been developed 
ll'hich }JOl'utits the biological re.~istauce of tho chemi
c-ally modified ,rool~ to be l'llpidly aSFMSP<l. '\,\Tith this 
111l'thod, l'es<:a rch on c•ert:1i11 types of moth-proofing 
tl'r-atu1enl will p1·oc·ecd more rapidly than when the 
effect of eacli modification could be asse.:>sed only by 
r·alT.)'iug out feeding tests witlJ clothes moth la l'\'ae. 

12. ParsrcAr. PROPERTIES OF F·rnni,:s. 

(11) '/'rnsi/,, S/renglh .-The load-extension curYe of 
"'ool fibl'es in- 1niter is often used to a.$certain the 
rll't:r.tir~ness of t·crtaiu treatments on t he tensile pro
prrtlC's of w0ol. IT0,1·er et·, as undel' noTmal c011di
t ion,- ll'Ool i.~ 111:11111,r ;;ubjrcted to tensile alterat.ions i11 
air, it ;;eemed desirable to ascertain whether there is 
any <'Ol'rcl11_tion liet\\'ecn its tensile properties in air 
a_nd those 111 11·[1 ler. The "·01·k require<! to stretch 

.~ 1ngle fibres 30 111• : cent. i11 wato1· \ras therefor e c·om
pare_d 11·ith . t,he breaking streugth of the same fibres 
rn nu·, ::ind i t "·ns found that there wi:ts no correlation 
between the two results. This indicates that care 
must he taken in i11terp1·eti11g any results based 011 the 
former_ read_i11g, which is often employed in assessing 
~l terntrnns m tl1r st1·ength of £bres cine to different 
treatments. 



(b) Superl'u11lu1tliu1, .. -Thc c:oalraction of a wool 
fibre to a length less than its original length under 
certain steaming and cLe1nical treatments is referred 
to as "supercontraction " . This physical change is 
of great importance in l'.Crtai11 .finisbing operations 
which arc upJ)lied to wool fabrics, such as ulowing and 
sb1·i11king. .It is therefore proposed to !cam a,s much 
as possible of the mechanism concerned. S upercon
traction has been attributed to rupture of tlie disul
phide bonds i.n the cystine cross-linkages and to 
cleavage of 11ydrogen bonds bet\,·ecn the main peptide 
chains. To assess the relati rn importance of these 
t\\'o changes, lithium bromide is being used a.s the 
reagcn t to break l1ydrogen bonds and experiments are 
being ca1·ricd out witb wool from which am ino groups 
have been r ernoved, wool which has been permanently 
set, and wool which h:1R bf:en first supercontracted 
with reago1its known t.o attack cystine, such as so<lium 
b isulphito. The cortex and cnticle of the fibre nre also 
being inrnstigatecl i11 au attempt to discove1· whether 
one or both of !he co111•pouents a,·r altered dming 
supercontraction. 

13. l'HOTEJN STJWU'l'UlU:. 

TJie study of tl1e formation of fibres under natural 
conditions has been contiuue<l by the Chemical Phy&ics 
Section of the Division of ladustrial Ohemistry. The 
conYersion of soluble iusulin into a fibrous form, and 
the 11roductio11 of silk by the silk worm, have been 
cxaniiucd as examples of :fibre fo1·mation analogous to, 
but more easily im·cstig·ated than, the formation of 
fibrous kcrnt.in in the wool follicle. The findings support 
the Yiew that the fo rmation of elementary fibrils is an 
aggregation rather than a m olecula1· spinning procc.~s. 
Knowledge of 0H1er fibrous systems lrns been extended 
by the ~tudy of a nurn ber of imcrtebra te muscles. 
The fine structure of tl1ese mn~clcs w a,~ rcYealed and 
some infor11111tion uoncerning muscle con traction was 
obtained. 

Electr on micrographs of su r face replica s of wool 
fibres, showi11g the changes produced i11 the cuticle by 
sh rinkage r eduction 'JH'O(·e~scs and other forms of 
damage, l11t1·e been prepared. An examination of the 
residues rewnining after the solution of \YOol fib1·es 
show·cd that these always consist of the resistant frac
tion of th<' cutic-le, i.l'. the r]'ic·uti(·lr. wi ! lt ad hering 
protci11. 

A more detailed stndy of the i ron-cun taining protein, 
fel'ret.in, has been made possible by impron~mc11 ts 
whieh Jrnye been made to the electr on microscope. 
The single molecule bas been rcsol red and the loca
tion of the iron \\'i thin it determined. The im·estiga
tion has led to ,1 better understanding of the uses mid 
limitations of the mrtal shado\\'ing tcclmique. 

Further work has been c·mTied out on the X -ray 
structural a1ial,rsis of (L-:1m ino acid;;, \\'hich are the 
building units of protein.~. Detailed strncture deter
minations h n,·c beeu completed fo r norleucine, ·proline, 
glutarni r· ncid, and two forms o[ methionine. Otl1er 
amino acids are being studied. 

The syntl1esis of peptides and polypeptides likely 
to aBsist tbe study of protein stn1cture by X-ray 
diffrnttion has been commenced. 

1,L PrwTEIN Cmrn1snn-. 

( ri) 1V ool. J,',iln-<J Jn1:esligolions.-As men tiolled in 
the last Ile port, it will be necrssa ry to leurn as much ns 
possibl1~ ronrrrninp; the arrangemc11t of amino acids in 
wool, for this "·ill largely determine its physical and 
chemical properties. Progress l1as be.e.u made in the 
developmen t of a new method of identifying tlJe 
terminal nrn ino acids, and already the application of 
this meth od to 1rnol hns yiehled valuabk results, but the 

11 pplica tion_ t:? wool of eorn_c of the procec)nres aYaila~le 
for dcterm111rng the pl1ysical nn<l chcrn1cal propert10s 

of soluble proteins is sernrely limited by the insolubility 
of wool keratin. 1'his had led to the study of methods 
of producing soluble products with minimum alteration. 
of the structure of wool. One such method, which yields 
approximately 50 per cent. of the. fibre in a soluble 
form, is to incubate wool in urea-bisulphite solution. 
.Extracts obtain?cl in this manner are being examined 
lor ~olecu lar size, _molecular shape, and light absorp
tion ill the ultra-violet region. Another me.thod has, 
been <level~pe~ whereby the wool fibre is completely 
tli~tiol_re_d w1tlnu a few hours iu w·ea-bisulp.hite solutio11 
contammg also a small concentration of a prote.olytic 
enzyme. The peptides obtained by this second method 
are of sm aller molecular size than those obtained by 
che fi.l'st a nd will require the application of differe.ut 
methods of characterization. The improvement in the 
digestion of wool by proteolytic enzymes, 1·esultin" from 
th~ addition of. ure~ and certain r elated comp~Ullds, 
pornts to a possibly important role of such compounds 
rn wool damage by biological agencies and it also 
suggests a method for altering the surface properties of 
\\'OOI ~bres sufficiently to improve their physical 
properties. 

( b) Peptide ln·ve.stigulions.- Another method of 
studying wool chemistry is to join amino acids together 
to form peptides of the type which occur in wool and 
by studying their properties, to asse.ss which combina~ 
tious of acids are likely to be responsible for some of 
t l1e main characteristics of wool. These peptides will 
also be more suitable than wool for use in r ese.arch on 
methods of JUodifying such structures. Several organic 
synthetic methods for the synthesis of peptides have 
been examined and i t has be.en shown that, for certain 
types of peptide, tLe use of tbe phthalyl radical for 
c;oYcring the amino group o f one amino acid before 
condensing it with a second am ino a cid is preferable to 
111<:. cnrbobenzox_y method. 

( c; ) Wool Boot Inve:;;ligalions.-A third approach 
to the study of wool chemistry is through examination 
of t.l1e mode of wool synthesis in the wool root. It may 
be easier to detc•rmine the arrangement of amino acids 
ia 1rool by learning h O\i' they are assrnnbled and linked 
togt'thcl' at tl1e site of syn thesis than by studying the 
fu lly_-fol'med fibre. Tlie wool r oot inYestigations 
pren omly r eported arc therefore bein,,. extended par
ti(•ulnrl_y b,y the application of h istoche~ieal meth~ds. 

(d) R11zyme ln•rps/.igaf.ions.-.,\. survey of the amino
aci<l compositions of a wide r ange of enzymes and of 
no1~-Cn7..~m~c p1:otcins bas r€.vealed certain relationships 
\1·l11cli d1strngmsh these two groups from one another. 
Thl•se r clatio11ships suggest a mechanism for enzyme
~nbstra te combination whicl1 will help to explain the 
mode of nction of enzymes in the. dcgrada tion of wool 
a 11d other proteins. 

Studies, now completed, on the effect of pH value and 
salts on the stability and activity of trypsin will enable 
(·o.11d i tio11!' to_ bP prescri~ed when usi?g this e11zyme. in 
the degrndatt011 of proterns and pept1des, which ensure 
111axim11m attack. 

Research has been continued on the fractionation of 
c•n7,y111cs in culture flltrates from the 11101~ld Aspergill11s 
nr.11zc1e and from annnal glands. B oth m1xtures contain 
dcpiln1'ory Pnzymos capable of loosening the wool on 
slrncpsk(n!', and therefore, besides yielding information 
c·'.1mer111 ng mr~hofls of prot,e.in pu rificatio11 for a pplica
t1on to tht' n11xe_d prod.nets of wool d~gradation, the 
\\'Ork should provide ~ep1llltory enzy~nes rn a sufficiently 
pnrr ?l'at? fo 1· nse 111 \mo! 1:oot mvest-igations. By 
1mrst1gat111g the mode of action of such enzymes on 
\\'Ool roots, valuable. data concerning their structure and 
c:omposition may be re\'ealed. A major impr ovement in 
the enzyme fractionation research has been the develop
rnent, o{ a method fo r the complete r emoval of salts 
which 1.iaYc hitl1crt.o bonnd the enzyme molecules 
together. 
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15. :E'UN(; AJ.. Dl!:<lUAJJATION OF T EX'l'lLl!:S, 

The 1•otting of cotton fabrics, a serious problem in 
liot, humid climates, is being investigated in an attempt 
tb identify some of the underlying factors. If the 
1:ntritiou of the major moulds concerned and the nature 
and mode of action of their cell ulose-degradiug enzymes 
arc understbocl, it is expected that better methods of 
combating the damage will Le developed than are. likely 
to emerge from the empirical testing of fungicides 011 
fabrics. Later, this research may be extended to de.al 
with fungal damage to woollen fabrics. 

'l'he studie:; are being r estricted initially to one of 
the most important cotton-damaging moulds, Slnchy
bo/,rys alrn. Sui ta b1e media ha vc be.en developed for 
growing tli is orga11ism in shake cultul'e and methods 
lrnrn been tlc1·iscd for purifying and estimating those 
enzymes, SLtclt as ccllulase, ll'liicl1 11rc concerned in 
cle.1 lnlo~e breakdown . Some of these purification pro
cedures hnvc bec11 developed and tested initially against 
mixtures of cnr.,ymcs produced by the mould A. oryzac. 

L6. ·w 0OJ. TEXTII,E LtAJSON OFFim;. 

The Textile Liaison Office!' l1 as SJ:>eJ1t six months 
1·isiting the U11ited Kingdom, Europe, and the United 
States of Amer ica. During tbis visit a rrangements 
were com plcted for the excha11ge of information with 
resear~h organizations in vai·ious countries, aud plans 
,Vel'e discussed for dissemination abroad of the research 
results of the Wool Textile Research Laboratories. A 
review of textile research in progress in other countries 
was prepared and 1·ccent developments in textile 
machinery were examined . 

:Many inquiries from inclustl',Y in A ustralia. an<l over
seas lrnvc been dealt with and sc1·cral mills have been 
visited in connexion with process and machinery 
developments. The dcrnlopmc.nt of artificial fibres is 
being followed closely. Samples of the more importan t 
types arc being collected 1111d data assembled on their 
physical 11ncl tc.xtilc properties. To meet the growing 
de11111nds of the resea rch n nd liaison office staff, tl1c 
cen tral r eference library is being enlarged . Active 
representation on the textil<'. committees of the Stan
dards Associati011 of A ustl'Hlin has been ma intainecl 
during the year. 

XVI. FLL\.X AND OTHER VEGETABLE FIBRES. 
1. G 1-;N ERAL. 

,\..lthough co11cer11ed primarily 1rith fihrc from Linnm 
11silalissi1num, the Flax Resear ch Labol'atory of the 
Orp;anizat io11 has extellCled its activities during the past 
year to im·est.igations of a n11m bcr of other vegetable 
fib t·es as well. The search fo_i: a local fibre of the jute 
type has been stimulated in Australia by difficulties i11 
obtaining supplies from 01·erse11s of woolpacks, corn· 
sacks, and hcssi1111. There is aho an a.cute shortage of 
si s11J-typc fibres for use i11 ropC' and in fibrous plaster 
1i1anufacture. The Laboratory is assisting in effor ts to 
de\'e.lop local :fibres by canying out processing and 
manufacturing tests. It lias a representative on the 
Central Fibr-es Committee, an inter-departmental 
body cstubl ished to udvisc on proposed new fibre indus
tries i11 Australia. The Laborntory is also closely 
assor.iatccl 1dth the P11pua and New Guinea Fibre~ 
Committee, co111·ened 1.iy the Departmellt of Territories 
to 11ssist in t.hc promotion of fibre production in these 
lll'eas. 

'1'l1c programme drawn up r ecently by the Common• 
11·ealtb Government for the expansion of the Australian 
flax i ndustr.v is now well under w11y. The O fficer-in
t·harl!;e of the J,ahoratory is a member of the Flax 
P roduction Committee (D epar tment of Oomme.rce and 
Agricultul'e) and also acts on a part-time basis as its 
Nrn1mlt i11g e11g ii1eer. This niT1rngement ensures that 
tl·,e l'esults of r osca1•ch carried out during the past ten 
ye.ars or so are nvnilable to the Committee in its work. 

The activities of the L aborato1·y embrace a wide :field 
of research, both fundamental ancl applied, extending 
from agricultural problems to investigations of process
ing and wanufucturing. Grateful acknowledgment is 
rnad-C.'. of the cont.inuod co-operation so r eadily g iven by 
the Flax Protluction Committee and by Australian flax 
spinners. 

2 . .illHUOUL'l'Ull.AL INVESTIGATIONS. 

The .Flax Research Laboratory is assisting the Vic
torian Departmen t of Agriculture in its programme of 
b•·eeding d isease-r esistant flax varieties especially suited 
for 1'1.us tralian conditions. In addition to their resist
ance to rust, a auru bcr of the llew strains produced 
ha1·c proved superior in fibre characters to Liral Crown, 
tl1c. variety generally sown in this country. The strains 
l11t\'C been bulked to a stage where se\'Cral acres can be 
pln ntcd this your; already straw from them has been 
pro<:essqd and tbe £.br€ is being carefully tested for 
spinning perfonua11cc. 

Tiy dctcrJllining the yield and quality of £.bre in the 
lfo x straw produced, the Laboratory lias assisted in a 
1111wber of 11gl'iculturnl field trials, including var iety 
a11d manurial trials conducted by the Victorian D epar t
m<•.ut of .Agric;nl ture and various sowing, harvesting, 
and variety trials conducted by the Flax Production 
Committee. During the last fc1r year s much informa
tion has been collected from such trials relating to 
tl1(\ cultivation of flax in .Australia. 

Chemical a11:1lyses of l eaf samples from a large 
nnm her of growing crops ha Hi. been made to determine 
t.lie relationship betll'ecn the amounts of various 
<'lenwnts present and the yield and quality of the fibre 
in the crop. As a result of this investigation some 
s1,)e.cial manurial tr ials arc to he made this year witl1 
11 11Togou and potassium. 

3. Pnoc.Essrno. 

(a) Waler Retl·i11g.-The applicabili ty of the 
:tt'ra tcd method of water 1'ctting to Australian flax has 
L<'l'!l fll rt her dcmon.tra tcd. I n this technique air is 
passed tl1 ro11gh tl1c t'C'ttin~ lif(no1· during the process, 
thereby contTolli•1g the aeidity. As a result consider· 
ahly foster rctting takes place aud the main liquol' cau 
bC' used orcr and over again, so that water supply and 
disposal problems are alleriatcd. The chief disad
rnntage li<'s in the fact tl1at mor e car eful snpervision 
is requirnd. The adoption of aerated rettiug at one flax 
111ill in Vietoria was recently agl'ccd to by the Flax 
Production Commit.t.e.e and suitable equipment has 
bcc11 ordered. 

R ecent inve.stigations of aerated retting at the 
Luboratory h ave been concernerl with improved methods 
of aeration. Spinning tests sho,,ed that in all aspects 
of manufacture the fibre from aerated rets was at 
least oqnal, sud often superior, to that from normal 
anaerobic rets. 

Invest.igations aimed at improving the water retting 
of Australian fla~ by ino~ulating the liquor with pure 
eultures of C5perially active tJJ)es of rctting bacteria 
obtai11cd from overseas ba1·e not yet been extended to 
the flax mills. .A part from problems associated with 
the initial building up of the large volumes of culture 
nredecl fo1· inoculation, tl1c fact that no r eady means 
hiis yet been found to can y on the bacteria from one 
l'et to the next ma,kes l11rge-s~ale operations impractic
able at pI'esent. 'Ihe emphasis of the work has there
fore, been shifted to more fundamental studies 'of con
dit ions go1·crning the groll'th of the rettiuO' bacteria 
their nutritional r equir ements, and their

0 

metaboli~ 
a.cti vi ti.es. 

(b) D1;ying Retted Straw.-Iu an effort to eliminate 
th~ tedious ,vork . of gaiting retted straw foi' drying, 
la1 g-!-scale tests 11:we bl"el1 made at one of tho flax mills 
wit h tin i111 p!·':>vised spreading machine ll'h-ich places 
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ttic straw flat on the O'J'Otrnd in a uniform layer so that 
after dr,ying it c·nn °he g1'lthcr cd mechanically by a 
pick-up binder. The test so for made has ?emonstr a~ed 
that thi.~ method of drying ,roul d be practicable during 
.mmmer at mills where a la_rge field is available. ~ow
ever, before the spreading machine can l~c claimed 
to be entirely successful a number of m.echamcal altera
tions will hnvo to be introduced. It is planned to 
extend the investigation next summer. 

(r) 8r11/('l,in_q.-'Nliilc much of the incfficienc;y frc
quen tly associated with the scutching of rotted flax 
straw 'results from the use of unskilled labour, much 
can be dune in the way of mechanical improvements. 
11 ~t-mly i.c; bein~ made o~ the som:ces ?f the losses 
,dnch occm dunng sc11toh111g and of ,·,tnous me~hods 
of eliminating them .. 

(d) Pre7>a1'ing ancl Spimving.- ln addition to 
routine spi1ming tests canicd out on fibre from agri(;lll
tural and processing c•xperi111e11ts, s tudies have been 
made of t he dfcct of vurious modifieat.ions in the pre
paring and spinning technique on the strength and 
regulanty of the yarn prodnccd. For example, it hos 
been sho\\'a that incn'a.:; ing the dr nft in gill spinning 
a ho,·e a rnl uc of 12 l1us nn adverse effect on the yarn. 
In pl'eparing the fibre on the drawing fra1nes, douh)iug 
has consistently been found to incl'easo sli,·er regularity . 
Drafting docs not improve tho r egularity of the slirer 
but simply iucrrases the length of the t hick and t hi11 
1)l aces. The effect of the d irection in wl1ich the fibre 
is fed into the 111achines, whether butt first 01· top 
fir.;t, is now hcing investigated. 

( e) Boilin,q a11d Rlcacli:in_q.- Rou ti ne boiling tests 
are 11011- given to tl1c yam from most spinn ing tr ials, 
aoceptod trade prnctirc bei ng followed. . \ t the san1e 
time II worl,ing plan has been pl'eparrcl and a p re
liminary series of inYestigations ca n icd out to deter
mine the cffocL,; of different lioiling procedures on 
d ry spun {fox yarn1,, the mcasm emcut.~ being made of 
strengfl1, lo.~s in \\'eight, and change in colom of the 
yarn. 'fhc boiling agents so for nscd include various 
concentrations of sodn ash . caustic soda, ammonia, and 
different wetting agents. ;\. separate study of wotti11g; 
agent~ lrns be<'ome nenrs~:ny. 

4. TT•r11 . .tzA·I·10:--1 O F L rNSEED Snt.\ \\. AND 0-rHEJ< W AST1•: 

'M .\TF,RTALS. 

Considm·at.ion l1n.~ heen given for some t ime to 
possible w:iys irncl mPans of utilizing various wastf' 
flax products. Inrlndcd amongst these is t.he strnw 
le ft when t.he seed is ;;tripped from linseed crops, the 
strnw from fibre flax crop.~ which are of insufficient 
heigl1t to be pu rdrn scd fo1· tiornrnl procc8,ing, 11nd the 
,rnste pi·oduced during dc~oPcling. 

The most promising o vrnnc for the utilization of 
these prodncfcs is t l1e 11rn1111factnre of paper or of 
low-grade yarns. Onr of the Australian paper com
panies is a_lrcady experimenting with linseed fibre in 
paper J)roclnotion. The F lax Resenrel1 Laboratory is 
conducting cxtemivc inYcstigations to deter mine· thr 
most cconomicnl nwtl1od of obtainino• fibre from these 

. . n 
"·a~t.o prodn<'ts 111 a form slll ta hlc for ynrn n1a1111farture. 

5. Crrn~no,\I. PROPE RTIES OF FLAX. 

Investigntions have b0en con tinued of the rhemical 
r omposit.ion of flax fibre, it,:; effect on quality, anrl its 
r elation to various processing methods. The con
stitnf>nts to which most ntten tio11 has been given are 
lignin, peu to.,an, uronio acid anhydr ide, and mineral 
content. Thr, technique of fi l ter paper partit ion chro
matograph_y hns been used to determine (Jnnntitatively 
the composition of the water extracts. 

Determinations have been made of the acid values, 
saponification values, unsapon ifiable matter, and iodine 
values of the wax from samples of Australian, Belgian, 
and Irish fibre. Earlier tests showed that the wax 
played an importan t part i11 determining the spinning 
quality of flax fibre. 

G. PHYSICAL PROPERTIES OF FLAX. 

(a) Fibre Properlics.-The fineness to which flax 
fibre can be split durh1g "hackling", or combing, 
determines the fine1tcss of the yarn that can be spun 
from it. £\_ stud,y has been made of tlie way in which 
fib re bundles split into strands during hackling and of 
the type of fibre .structure which permits this to 
occnr most readily. 

Tt hns been shown that thern is a statistically signi
ficflnt correlation betlreen the behaviour of any fibre 
sample during prnparing and spinning and the str ength 
and fineness of the hackled strands. The r elative merits 
of fib re samples ca11, therefore, be as.~essed in terrrIB of 
these properties. 

( b) Yarn ancl Clo/.h Pro perties.- Detenninations 
harn been completed on the relationships between the 
rnoistmc content (regain) of Australian flax canvases 
and their strengt.h . Equilibrium moistur e content 
r·un·cs a t various tcmnel'atures and humidities have 
also heen established. This information is of particu
lar Yalnc in sp ecification testing. 

7. Onrn.R VEOI-:T,\BT.E FrnnEs. 

Tnvcstigations invol,·ing processing and/ or evalua
tion of the fibre by means of physical and chemical tests 
lrn re been carried out for rnriou.s State and Common
ll'Cal th D epartments on the following mnterials: 
::\faniln hemp, wild banana, kapok, <'oir, kenaf, ramie, 
plai11s grass, cmma, and jute. 

XVII. I N DUSTRIAL OHEMISTRY. 
1. G ENERAL. 

The Organization's chemical research is undertaken 
mainly by the Division of Industrial Chemistry, which 
hns i t~ headquarter s at. Fishermen's Bend, Victoria . 
Tn addition to the work of the Division described in 
this Chapter, inYcstigations on wool scouring and wool 
11·ax 11 re desC'ribecl in Olrn.oter XV., work on :flotation 
m.inerals in Chapter XVIII.. and wor1, ou thi> 
11t.iliz11tion of low-1·ank coal in r.hapter XT.X. 

C.hemira 1 research relating to p r oblems of various 
ind11~trics is also undertaken in several otl1er Divisions 
nnd Sections, and is descr ibed in the Chapters r elating 
to tho~e industries. 

In tlie R eport for 1949-50 some major projects of 
the ni,·ision were outlined. D m ing the yenr imclilr 
rC'1· ir\\' ,rnl)stantial progre~s hns bern made on these 
nnd otl1er projects. 

'!'hough the l10adquarters of the Division are in 
l\f elbonrnc, 20 officers work in otl1er narts of tl1e 
Commomvenlth. In Sydney a Riirh P r ess1.n e 
T,a horatory is now establisl1ed within . tbe C11emical 
Engineering Department of the Univer sity of Syclnny, 
nncl the resultc; of some early inve9tigations are being 
puhfolml. This laboratory is well eqninperl nncl its 
rP~onrrr.s 11rr bring used bv offirer s of the UniYe1·sit;v 
of Svch1ey in oollnbnrntiYe investip;ati011s with members 
of th e Or!rnnization's staff. In 11ddit.io11, funds W P.i'~ 

rn:idr nrnilahlr. to t.hc Uni.TcrRitv to award two s('l1olar• 
~hi1)i-. 'rhi> r ecipients arr rcreiv irn.r training in hi!!lt-
1wes~11rr tr<'hniq11c~ wl1ile work in p; for higher dr_greoc;. 

Tn Arlclnide, in <'flnjnnction witl, tho Srhool of 
'\!fine, nnd Tndnsti-iC's and with tho sm:mort of 1;be 
Soutl, A nstra lian Gorrrnment., the Divi;;iotl opernte.s 
a Oerinn-ics Rf>se11 rrl1 T,nhoratory . Tt also has an office1· 
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analytical problems that have arisen in conncx_ion with 
the uranium ores of South Australia. 

In Perth, officers are working in the Chemistry 
Department of the University on vacuum ultra-violet 
spectroscopy, the chemistry of alunite, with a view 
to its better utilization in the production of potash 
fertilizers, and the physiologically active alkaloidal 
pr inciple of the Dwalganup strain of subterranean 
clover, a pasture plant injurious to sheep. 

Apart from officers working on Divisional projed8 
i11 other parts of the Commonwealth, several (Ire 
seconded t,o other Divisions for work for which thsy 
possess special qualifications. 

The volume of publications frorn. tlte DiYision ha~ 
increased rapidly in recent years because of t,hc 
substantial progress made in many of its long-terru 
projects, and about 70 papers were sent to various 
journals during the year under review. 

At the suggestion of the Chief Exe~utive Officer 
a conference was held on modern physical methods 
in biology. It was attended by about 60 rcpresentatins 
of other Divisions and Sections, mostly the biologic.,! 
ones, and aroused great interest in the application 
of the methods of chemical physics to the solution 
of biological problems. 

Within the Organic Section steps have been taken 
to provide a more comprehensive microana lytica l 
srrvice for scientific institutions and industry. ,\J1 
Advisory Committee has been set up, consisting or 
Professors E . J . Hartung and V . M . T r ikojus, of t11e 
University of Melbourne, and the Chief of the Division, 
to advise the Organization on the policy it should 
adopt in providing this service, which, through t.hc 
generosity of Professor Hartung, occupies excellent 
temporary accommodation at the UniYcrsity of 
Melbourne. Already the service has been freely used 
by the Universities and by industry, and determinations 
are being made at the rate of over 200 each montl1. 

2. M I NERALS U T I LIZATION. 

There are many deposits of minerals in .Austr11lia 
which, although of great potential significance brcnusc 
of their extent and high guality, h ave so far been 
developed industrially to only a Yery limited cxtc11t. 
In many instances where t he naturally occnnin~ 
mineral is used -as such, local supplies l1a1·e differc,1 
in some par ticular from those which have long hron 
imported, and the successful use of the local material 
is dependent upon some form of prel iminar_y treatment 
or tho modification of the process in whir.h it. is mecl . 
Tn others, the minerals, even wbPn improved in grad,, 
by physical processing, have only a compm·ati,ely 
low market val ue, and their potentinl ities can lie full.v 
rea]iied only through their conversion to vnlua ble 
dPrivatives by chemical processing. Examples of thr 
first type are the Australian sources of graphite anrl 
manganese dioxide, which after compa1·atively simple 
treatme11t, have been found to fulfil all reqniremrnts 
for 1.1se in the manufacture of dry cells. Bxnmplc~ 
of the Recond type are the widespread deposits of tlw 
rare earths of the cerium group, "·hich lun·e few uscR 
ns Ruch compared with the i;reat variety of industrial 
:.i.pplications of tl1e der ivatives obt-ninNl b_y ('hcmi,!11 l 
trP.atmrnt. 'T'he research programme of the Mine1·n ls 
TJtili7.ation Section is based on t he development of 
now methods of processing and the fundnrnental stn<l_v 
of tl1e chemistr y of the constituents of a number of 
minP1·als in order to extenrl the r11n~e of th,1ir 
derivativeg and thei r industrial applications. Thr 
proirr.ts b11ve l1e1m so planned that the technique.q 
and tl1r results of one may be used in the dc,elopmcmt 
of nnotber. For example, the study of the chemistry 
of the rare earths has pr oved . valuable not only i11 
the processing of miner11ls of which they aro the major 
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cow;t:itnents, but in their separatiou as 11seful ~y
products in the recovery of tbe majo1· constituents ,,£ 
other minerals. In the search for new avenues uf 
exploiting our min~ral . resomces, . the strategic 
i111portance of replacmg imported mrneral p1·oducts 
-.rhi-ch might cease to be aYailable to this country ha~ 
been l,orne iu mind. The trends of rurrent work are 
indicated below. 

(a) 111 onazite.- Work on m onazi te has lie,m 
continued ,vith the object of effecting improved 
separation of the rare earth components mid thoriun1. 
A cyclic fractional precipitation process has been 
drviscd whir.h permits relatively pure cerium and 
hnth111111m compounds to be separated from mi..,ed 
hvdroxides derived from rnonazite. In addition a 
n; ixed nitrate product containing other rare ear th,:;, 
which is suitable for their sepa1·ation by fractional 
crystallization or ion exchange techniques, has been 
produced. 

The rare earths have been sepat•ated from thorium 
by the chlorination of monazite at higl1 tempernturcs. 
Under the~e conditions thorium chloride volatilizes 
nnd the dry molt1m chlorides of tlrn r11rc earths which 
remain are free from all major contaminants except 
calcium and magnesium. This work h as now been 
completed . A study has been made of tl1e chcmistr? 
of stable complex compounds of the rare earths a.nd 
cNtain organic compounds. These complex derii,atirn~ 
are beinp; used to separate a number of the rare earths 
by fractiona 1 crystallization, fractional precipitation, 
or ion exchange. 

Work on tl1e recovery of thorium from monazite 
has been continued and has necessit atPd a chemical 
!'tndy of a number of thorium derivatives. 

(b) Zi.rcon .-The almnclance of zircon in the beach 
flanrls of sontl1ern Queensland and northern N ew South 
Wale!' and the ever-growin.~ importance of zirconium, 
of whicl1 zircon is the chief ore, provide a stron~ 
inceutiYe for re1tearch on this Australian mineral. 
Special attention has been paid to the separation of 
tl1f' closf'ly associated hafnium from the zirconium, 
!lnd two new methods of effecting this separation have 
been developed. One of these pro<'essrs is particularly 
npnlicahlo to tl1c prodnction of large quanti.ties nf 
hafnium-free zirconium and npplicat.ion ha!" bf'en made 
fo1· n patent covering this pro<:P-!IS. At tlH} same time 
.•nrnll cinant.itir!' of ])lll'f' lrnfninm oxidr are hein.g 
isolated. 

( r) Graphi/.r,.-The highly condurting u:raphit.e from 
Son th Australian depo,;its, if finely ~-1·olmd and purified. 
lrns alre11dv lJef'n shown to br Rt1it11hlr for nse in normal 
dry ('elk · T11 recent tests it lrn!' hecn fonnd to lie of 
p;.nticnlnr Yah1P in cell!' rccinil"ed to drliver heavy 
rm1·ents of sl10rt dmation, for example in R>"11chronfaed 
flnsl1 photop;raphy. A <'ompa1:iionn hn~ brrn m11dP of 
thr helrnvionr of D rang<> of crlls C'o11taini11!! either 
nrPtylene hl nck 01· natnrnl grnnl1it<>. ro,rrin.,. 1111 tbose 
·mpt witl1 in pra<'t.ire. As part, of the work on thr 
r·hu;sificatio11 of g1·anhites. drt,,rminntiom of the 
nronortiom of tlie ii::otop<>s of r111·hon have heen msrle 
\1·itl1 tl1r obiect of tlnowing liP-l1t. on thrir 11g-e nnd 
01-i!!in. "F'11mhimentnl stndirs of thP p1·or,r1·tir" nnrl 
rNl~t.i.011" of A rrr:1nhitr-fonir rl1l o1·i<lr romnlex J111ve 
hrrn rxtendecl, and it lrns h<'P.n disrovererl tl111t stablP. 
rom1,lrxrs Mntainin,r a hip;l1 pronorti.on of <'hromfom 
n1•p nho formed hetwren g1·11pl1itf' nnd <'nrnnn-1 
,.,1, lorfrl<' or <'lll'om:vl flnori<lr. 

(r1) Mnrrr,arir.~r, D-i0-1:ide.-Th<' beltaviom of the 
111 nn1.rnnese o~ides nnd 0£ otl1r1· oxi.rlrs mPd in iralv-11nir 
rrll ioystemR b11s bren oxarnined and comP1n-il'o11s have 
1'rrn :rrarlc on the hasis of thPir nbvi:iC'iil 11nd tl1rrm0-
rlvnnmic nronerties. 8tudiPs of tl,r r!lnscQ of sldf 
rl"trr i0r!ltion in dry crlls containin12: 1J'angnn"~t> cHoxidP 
lrnvr bP/!;un. Work ha " ('011tinned 011 tlJe determinatio11, 
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by X-ray analysis, of the rnnngaHesc mineral 
eryptornelane. Its structure has prored to be more 
complex than other manganese oxides and has not yet 
been elucidated. The manganese-oxygen system l1as 
been studied in an attempt to relate the various 
structures with chemical reactivities. 

(e) Uranimn.-The programme of work on the 
extraction of uranium from the low-grade t i taniferons 
ores from Radium Hill, South Austrnlia, has been 
intensified, an<l flow sheets, opernting <letuils, 1111d 

costs .have worked out for two alternative proces,;cs 
by which the uranium could be satisfactorily rccovervd. 
One of these processes, which im·olves acid treat111e11t 
of the ore and selective solvent extraction of tl1c 
1·csulting liquor, bns been chosen bceause of tlie 
simplicity of the plant required nnd its relatively low 
operating costs. Considerable progress has been rnn,le 
with tbe lalJOratory investigatioH of tl,is process and 
it,s deYelopment on a pilot sca1e has been commenced. 
The staff was augmented during tltc yrar to ncce1cntL<'
both the l aboratory and cb<.;mical engineering aspeets 
of this work. This ore is a complex one and besides 
uranium, it yields seYeral ve1·y usefu l by-products. 

3. OF.l\rnNT AND OmtA11t1c•~. 

The programme of the Cement and Ceramics Section 
is made up largely of investigations of a long-term 
character, but testing work RUU other short-term 
projects arc undertaken when the Section has special 
facilities not a\•ailable elsewhere. In this way it ha~ 
been able to help go,ernmenta l bodie~ and nrnnn
facturers by giving ach·icc, by examining and testing 
materials, and by proce~sing materials in the 
laboratory. Some new investigations lrnYe been begun 
bnt are sevcrnly limited by tltc neutc sl1ortagc of 
ln boratory accommodation. 

Practical and financial assistance bas been giv<'.ln 
by the Cement and Concrete A~socintion of Australia 
to the Sertion's cement investigations and by the 
National Gas 1\sso.iiation of Austral ia to the wo;-k 
on gas retort refract.cries. 

(a) 0 <''m,ent-aig,qre,qate Reacf.ion.-The work in th is 
investigntio11, which is concerned with deterioTation 
produced in concrete by expansive 1·cactio11 betwe!'n 
t.he ag-gircgate and certain constituents of the cement, 
i~ being extcn(l<'d int.o a nnmber of different fields. 
The action of reactive aggregate partic1cs in expandinp: 
co11c1•,ete specimens is bei11p; studied in order to inrrease 
the prerision with whic!h the probable behaviom in 
pra.ctice o-f ('C'ments and agg1·ogates can he evaluated. 
The nction of superincumbent load on the expansio11 
of mortar is a1so hrillg im·estigatcd. Thi~ investigation 
hns mnrh ~ignificam·c in the s1 n<l:r of thr beha,·iour of 
mnssiYe structur es affected by ccmcnt-ngijregate 
reaction. Additional work lrns been done on t'l1e pro
oer ties and treatment of pozzolanic materials that ca11 
be used for -conccting; cernent-agg'regate reaction. 

From the cement-aggregate reaction problem Jin ve 
rvolved an investigation of crnck cJ.ernl o·prnent in cement 
pastr, mo,rtm·, nnd concrete, since the incidence of 
c·racks h as im porbrn t applications in studies OH concret<' 
clurability, and iu1 investigation of tho r1u~sificat.ion 
and reactivity cf various types of silica. 

The radio11rti,·o tracer technique can hf' applied to 
tlte stnd.r of some of these problems. Ini tin 11y it Jrns 
been ncccssnry to d evelop mot11ods of handling 
:rncl prepnrinp: specimens. 11 tt-eution is now being givP.11 
to stnrlying the movement of rodioactive sodium in 
rc>rnont pastes allCl rnol'tars, and in rr!lctio11s l,etwrcn 
.oilica ancl ~od ium bydroxi.de. 

(T1) Pozzolanos.-Methocls have been evolved fo1· 
evaluatinir pozzolnnic cement.s. 1vf11cl1 preliminnl'y 
work has brc:m done on the properti es anrl belrnviou r 
of pnxmhnic mortnrs. 'l'hesc studies l,ave given much 

i 11for111a tiun about the strength development a11d Jura• 
bility of different mixes. Several pozzolanas, repre
sentative of all the main types, a1·e being investigated. 

(c) 8urface-aclive Agenls in Cement and Concrete.
Possible in,provoments in t.he durability of concrete 
brought about by the entrainment of minute bubbles of 
air arc being investigated. The mechanism of entrain
ment l)f air in cement pastes is at pNisent being 
studied. Air entrainment cannot be explained entirely 
a:; being dnc to changes in tlic propertirs of the Jiqu irl 
part of the system. Equipment is being made fol' study
ing- the clu1·aLilit,y of mol'tar a11<l conc1·ete. 

( d) C e,n en t Gl·irilcer hwestigations.- The mai11 
invcstig11tio·11 on laboratory clinkers of controlled alkali 
c·outeJi t is now regarded as complete and the results ha,e 
lJec·n publi.sl1e<l. However, clinkers of special compo
si t.iou l,a rn been made an<l cements have been preparerl 
froin thC'rn ns purt of a collaborative investigation with 
tlic nfelLomne and :Metropolitan Boar<l of Works. 

(e) 111-inerafo_qical Sluclies.-- Recently work on phast1 
eqn ilihria of a u·nrnber of different systems has been 
rccomrneoced, The systems that arc being investigate<] 
><lioulcl irive valuable information on the constitution 
nnr1 C'l1e'i1~irtry of cement clinkers, cement kiln refrac
tories. a!1d various metallurgical slags, for example, 
lrnsic ~laJ,;8 from Bessemer and open-hearth furnaces. 

( f) Refractories Invesligalions.-A critical study 
of . \11::tralian gasworks refractories is in the press. It 
rle~<'rihes the after-expansion contraction and othur 
Phil l'fl('teristics of these materials, possible methods for 
impror in_g the perform11nre of the refractories, and the 
tC'mperature distribution and fiuctuatio11 i.n an operating 
p;M l'C'to1·t. J\11 investigation of tl1C' beha vio·ur of gas
works refrar.tories 111 the presrnre of henv-y ~te11mi11g has 
been started. Stndy of the mechanica1 and cl1emical 
fartors which influence the durability of cement kiln 
linings has rontiuuecl and attention has also been 
directed to the fabrication of s tnbi1ized clinker bricks 
for nse in .<ncl1 l iniu~s. A. report has been made on a 
peculiar slagging problem arising in tbe boilers of a 
powerhouse of the State Electricity Commission of 
Victoria. 

(.q) ClaJI Investigations.-An extensive account l)f 
the cc.ramie clays of South Australi a is in the press. 
A romparablc study of Western Australian c1ays is well 
adv1rnced. 01ays from a number of other somces havP. 
hern submitted to the Section and have been examined 
when tlieir probable industrial rnhH! appeared tn 
jnsti(y the investigation. Study of the rheological and 
other coll oidal properties of clays has continued . It. 
hns invoked investigation of anion absorption and 
prob1cms in the deflocculati.on of clays for casting 
pmpo~os. Part of this work is being continued by 
on<' of the officers con.ccrned at Rothnmsted Experi
ment.al Station in Eng1and during the tenure of an 
ove1·sef1s stuclentsbip. Some a ttentio11 has boon given 
to the nossibilitv of markedly enbanring the plasticity 
of ce,rtnin Australian kao1ins. 

(h) Silica Investigations.-The ceramic propertieq 
of Australian silica from a number of sources, usua]]y 
no\·el, lrnve been studied. A fundamental investigation 
of tl1r effects of heat. on microcrystalline silirn (flint) 
has reYeale<I new points of interest. 

( i) Wliifrwore l n11es/:i_gat1:on.~.- '1'he investigation of 
t11e chnn~·es wl1ich occur durino- tbe fabrication and 
fi 1:ini:r o( whiteware has been ~~ntinued, particnla,rly 
with r esp<'et to the factors affecting: porositv. Attention 
has a1so been given to the effect of sbaning pro-rP.s~e~ 
on thr microstrnctures of clays an<l bodies ancl to the 
~nccession of changes occurring durii10- the fuqion of 
1rranit-e fluxe~. These investip:ations ;re desif(ned to 
11ssist in the utiliz11tion of cerami r matrrial" fr<mi 
nnfamilia,r sources. 
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(.i) 8aggar Invesligalions.-Saggar compositi~us 
developed from South Australia and other ruater1al, 
con tin uc to give excellent results in service 11 nd fl ll 

attempt is being made to develop compositi011s rcquil'
ing an iuitial firing tempera tnrc lo\\'er thna tl111 1 
originally employed. 

(l,;) SpCC'ia.l Oemmics.--A study of certain titnnatc 
dielectrics lrns begun. 

(L) Adcfoicle Laboratory.-This In borator,y is rnai11-
tained in collaboration with the Sout11 Australiirn 
School of Mines and Industries. A wide variety of 
ecr:imic raw materials has been examined and recom
mendations for utilir.ation have been made. ThcsC' 
investig·ations have been referre<l_ to the laboratory hy 
the South Australian D epartment of Mines, other 
Government bodies, and manufactw·ers. A technical 
.\dvisory son·ice has been rnaint.ained and l1ns hccn 
mn('h in demand by industry. 

4 . FOUNDRY SANDS. 

Througho11t. the yenr the foundry industry has con
I inned to use to full advantage tlie consulting and 
ad;'1isory service provided by the Foun<lry Sand~ 
Section. Frequentl_y it has been possible to reply to 
inquirie~ from the accumulated experience of the ,,tnff 
of the Section. Sometimes limited prngran11ncs of 
experimental work ·have been undertaken to supply 
lhc informatiou upon which 1·ep1ies lrn,1e been baRed. 
The advisory service bas covered the whole neld of 
foundry practice and has not been restricted to matters 
involving fonndr:v sa11ds. 

Sur veys of sand deposits have been continued witb 
the object of maintaining an up-to-<late catalogue of tli<: 
sands avnil:iblc in !!il<'li State. [n Victoria this work 
is being undortaken in collaboration with the Dcpn rt· 
ment of 1'.Gnes. 

Further studies of the belrnriom of sand cores have 
hcen made in an endeavour to develop improYecl 
organic core binders. The properties of Anstralim1 
bentonitic cla_ys have been investigated to provirle data 
fo1· their application in place of imported bentonitc.• 
for prnductiou of synthetic moulding sands. 

5. PHYSIC.A.I, CHEMlSTltY. 
The chemistry of surfaces continues to be the ch ief 

subject of investigation in this Section, with particulnl' 
rnfcrcncc to the :flotation process by which 111i11era l con
ccntrntcs are separated from ores, and to tho :illicd 
problems of detergeno,y. A study of the efficiency of 
hoat transfer in industrinl condensers has commeuecd. 

(o) 11'/oiation lnvestiigations.-ThC' work on flotfl
tio·n, which includes the study of two practical problems 
of ore concentration, and fundamental work on th<' 
physioa l processes atf.ecting the efficiency of :flot,atio11 
nrnchines arr described in Chapter XVIIT., Section -l-. 

(b) Delergenc:11.-Thc low-temperature scouring of 
11·001 described in the previous R epo-rt has been tested on 
:i la,rger sea le. This work nnd a flotation method of 
recovering wool wax from scour liquors a 1·0 described 
in Ohnpter XV., Sections 4 and 6. 

( c) StPam Gondensation.-The efficiency o-f indns
tri.a l condensers is partly limiterl b_y t,he · tn111sfrr of 
hea.t acl'oss the thin stngnant layer of condensed water 
which forms on the cooling stwface. If a water
repellen t surface is fol'll1Ccl on tl10 condenser, the steam 
rondcncies as clroplet.s in~tearl of as a film. Tl1e 
1•,es11ltant increase in the amo1rnt of the highly ro11-
rl11rtinl!: met.al sm·face of tlrn conclenser which is expo~ed 
to thn rnpour phase bring.q about a Rnbstant,ial improve
ment in th t> C"fficioncv of the rondenser. R ecent work 
has hNrn dit-ected to tl10 retcnt,ion of the water-1·epelle11t 
film. whirh iR at p1•psent the d1ief pn1ctical difficnlty. 

(rl) Pfofa/,jon and Snrface-aclive Jlgents.-Inquiric, 
a l1011t these subjeds fron1 industry and other g1:•ups in 
Lhc Organization continue to occup_y a considerablt.: 
llll!Ollllt nf time. 

G. 0HJo:MICA[, PHYS[CS. 

The Cltcmiral Physics Section has continued its work 
on fom main p rojects : proteiu •trnctu.re investiga-
1,ions; the development of new :ind improved 
tcclmiq11cs ; chcmico-p·h,ysica 1 stutlie.s of the solid state; 
and tlir dr.tcnninat.ion of molrC'nlar structures. In 
:iddition, work lrns been car,ried out on problems snb
mitterl b_v indnstl'y, medical institutions, the Univer-
9it,ies. and o-ther Sections of the Organization . Nine 
guest \\'orkers from other laboratories have worked 
with the Section for var ious periods and it has been 
gratifying to· welcome the large number of visitors 
wlto wished to see the Section's equipment and discuss 
ils possible application to their particular problems. 

(a) Protein Striicti1,re Stndies.-Details of this 
1rork, which forms part of the Organization's wool 
l'e.,earch progrRmmc, are given in Chapter XV. 
Section 13. 

(b) Dc11elo7nnent of Ghemico-pliysical Techniqnes.
Pl'Ogress in pure and appl ied science depends to a large 
~:dent on adrnnces in cX]Jerimeutal technique. An 
!mporti111~ part 0f the Section's })rogramme, therefore, 
is the 1111provement of existing rhemico-phyeica l 
rnrtl1ocls and the development of new ones. 

(i). _Y-ray_ 1'11:croscor:1;.-y;rhen fully developed, this 
t.echn111uc will 1)e of great impoi·tance, particularly in 
t.110 determination of the distribution of various elements 
i11_ h iol ogiral materials. Work on the design of X -ray 
llll\'l"0srope;; has progressed, and a new method for 
overcoming many of the difficulties encountered in the 
1·cc:ordi11g of the imago has been devised and is now 
lwrng t.csted . 

(ii) Jl[~.~s .~pcctro~covy.-Mass spectrometers of 
!1ovel d~s1g-i1 are bemg developed. Tliese will be 
11rnxpensnrp and of great value in analytical work. 

(iii) X-ray Difl'?·action.-A new type of specimeu
hold~1· for use at_ h1&h temperatures has been designed, 
nnd its construct1011 1s almost complete. It will be used 
for tl1c determination of the structures of metals and 
1lte stndy of metal-gas systems at high temperat1u-es. 

(iy) 7?1,,_r:trrm Diffraction.- A]thongh the resolution 
ohtmnerl with the came1·a developed by the Section com
pnrrs favomhl.v with that obtained with tbe best 
r•11!n<'ra~ _ve~ deYclopcd_ elsewhere, this instrument is now 
hrmg- mochficd to give even higher resolution. A 
,c•rond nnd more versatile camera incorJ)oratina- an 
l • • I < ,-, 

e rctron nuscro·cope, is under construction and will be 
ns:d fo 1· studying the strurtnre,: and sliape~ of ultra
ll1H'1·0,C'opir cr_vsta ls. 

( 1·) Electron M icroscopy.-Modifi.cations which 
have been m11de to tlie Sertion's RC.A. electron micro
scone lrn :·e ,rpsulted in _such a high re~olution that little 
further _1mp1"0vem_ent rn performAn<'EI can bf' expected 
from tlns type of rnstrumcnt. 

(vi) Sverfroscopy.-A. simple method has been 
developad f?r ronverting a conventional monochromator 
t.o :i _mult1ple monochromator bavino- much bi"'her 
res~lv1_ng powe:· ~ud a negligible arno~nt of scatt~red 
)'adrnt1on. 'I'lus i;tvention promises to haYe a lasting 
rnfl'.1ence 0:1 expenmental _spectrose?PY- I t will permit 
mo10_ arrm at\ spectl'oscop1c analys1!' 1111cl le11rl to mncl1 
nC'w mformahon on molecnlnr structure. 

The 111nchi1~e for ru_lin/?.' echelotte zone plates, which 
a ro to b~ used m a fal'-rnfra-red spectrometer. is nearino
romplrt1011. The stnd.v of far-infra-reel spectra wii1 
lr.1d t.o much val up ble information regarding the 
Rfrnrtn l'e of lar~e molecules. such as proteins. 
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A vncnum spcctl'Ogl'aph designed and c~mstructed in 
tho Section is no"· located in the Chonnstry Depart
ment, University of "'Yest_e1·n Australi~, wl1~re n~ office:: 
of tho Section is workrng m collaborat1?n with P1 ofesso 
Y. S. Ba vliss on studies of far-ultra-violet spectra. 

(vii) Lil1n,incscence.- A per iodi~ excitation phos
phorometer, designed in th~ Sect.ion, ~as _been con
structed nnd is being used m an rnvest1gat1on of the 
mechaniRm of luminescen_ce. 

( c) Chemical Physics of lhe Sol·icl State,-:-Studi~s 
of the solid state have been concerno~. with : (1) 
phenomeiia due to crystal ]attic~ defects; (n) prop~rt1es 
of the surfaces of solids, patt1cularly those assocrn.~~d 
with the intrnsion of n-ns into n. mctnl surface; (rn) 
small particles whose properties differ markedly from 
those of the bulk solid. 

(i) Defect SoZids.-Structural <le[ccts a rc respon
sible for many important prop~rt1es of m~tenals, 
includin" those which mnko possible such a rtwles as 
fluoresce~1t lamps, cei'tain types of radio Ynlves, tele
vision screens, and dry rcctifie l's. They nre also 
importa11t in problems of cntalysis and in many other 
processes. The phosphorometer is hcing used to stndy 
the mechanism of luminescenre processes, the under 
standina of which is e!lsential to stnrlies of the strnrtnrc 
n lHl pr~)crtios of defect solids. 

(ii) S·11rfaces of Sol-ids.-The structure of tl~e sur
faces of solids is impo1-tant _in problems rela t~ng to, 
lubrieatio11, hcar:ings, catalysis, and t11e flotation ol 
minerals. Basic information co~1cerni11g surface struc
ture has been obtained by electron-diffraction studies 
of the stmctu1·c of gold ~nrfnrcs a ftr r hrating in air nncl 
in krypton. 

(iii ) Elecfron-dif)'racfion Sl~1cl,ies.-Thc hig;h_ r es~lu
tion obtaim,.ble with tlie Scrt1011's electron-diffraction 
camera has enabled much new information to be obtained 
regai·ding the ~hapes and strnc~u.res _of very _ small 
crystalline particles. Electron-chfhact1on studies of 
caesittm n-old chloride have led to an explanation of the 
unique 

0

properties of dnal-val ency co-ordinatio11 
compounds. 

( d) 11{ olecnlar Btructure I 11,vesti,qations.- T he deter
m ination of molecular structure is fuu,lamcntal to most 
problems in chcmist,ry, biology, and biochemistry. 
Physico,l methods offer tl1c hest approach to accurate 
structure dotermiunt.ions. Examples of the Section's 
work in this field a r e given below. 

(i ) X-ray Orystallo,qra,phJJ.-As par t of the protein 
structure programme, the str uctures of o.- an~ /3-
methionine and copper proline have been cleternnned. 
Analyses of tl1c s trnctnl'es of norlencine aud glu tmwir 
acid is nlmost; complet.P, and progrn~s h ns b_eon rn~clr 
in the structure determination of otlrnr ammo acids. 
Work on the strncture of dihydrol anosterol, nn impor
tant derivatfrc of y1,ool wax, is progressing satisfactorily. 
Other structures analysed incluclo potassium hydroxy 
chlororuthenato, ,potassium he:rnflnoroplatinate, . cryp
tomelane, and priderite, tho l ast two in collaboration 
with tho Minerals Utilir.atioi1 Section. 

(ii) Infra-1·ed Bpectroscopy.-Tbe infra.-recl studies 
vi porphyrins nnrl their derivatives h a_ve 1?een com
pleted. This work fon~s a u~eful contnbut101_1 to ~ho 
understnndinn- of tl1c h1ocl10nustry of blood p1gments. 
'l'bc structur:s of organic disulphides and related corn
pounds have been investi~:i tcd. A new intcrpretn tion of 
the ozone spectrum lias been suggested. Infra-red spectra 
Jiave made an important c011t1·ihntion to the theory of 
.~01,•ent effects. 

(iii ) Electron, Djffrf!,ction.-The Secti?~ ~as 
)ioneered the apphcntio1~ of _elcrtron_ d1ffrac!1011 

}11et]1ods of strnctu.rc analysis .. ~lns techmqnc provide~ 
the only method to fl ctcrm~nrng the .$tnwt11res . of 

~one rompo1111cls irnd m1crocrysta lime rnntcnal. 
Sltl' I'" , 

Strncturc~ which have been deten11ined include 
y-alumina, gold-oxygen Sj'Stems, and <licetyl. 

( iv) Mas::; Szw;/roscopy. - The folly-au tomatic: 
upparntus for determining appearance-potential curves 
has yielded data which made a valuable contribution 
to om knowledge of chemical and molecular structure. 

(e) Senice Worlc.-The specialized techniques of 
the Section have been applied to problems submitted by 
other laboratories and by industrial organizations. 
,l..mong the problems studied are the following:-

(i) Bleclron MicroscozJy.-Investiga.tion of the 
morphology of acetylene black and graphite, 
examination of carbon from sucrose, soil 
eolloids, thorium oxal~tc, thorium oxide cata
lysts, and myxoma virus. This virus, which 
is iwportant in rabbit myxomatosis, has been identified 
nuder the electron microscope and moa&u1·cments have 
heen made from the electron micrographs of the si7.e 
and shape of the particles. This im·estign.tion is ,pro
cced ing and it is hoped that it will be possihle to estab
lish· the pi·e~encc of the virus partil'lrs in insect or other 
vectors. 

(ii) X-ray Diffraction.-Cliarncterization of tl1c 
phnscs in il'On oxide used in the pmification of coal-gas, 
rlelcetion of tal c in mica nsed fo1· plastic fiUers. 

(iii) Sveclroscopy.- Investigations of the structures 
of alknloids, hydrindone derivatives, tl1e bitter principle 
of citrus frui ts, a resin degradation product, clays, 
inositol and related compounds; nnnlysis of alumina, 
thorium oxide, chromium, glaze on fired sillimanite, 
cassiterite, rare earths, penicillin pigments; determina
tion of diffuse reflectance spectra of paint films. 

(iv) Efoclron D,iffraction.-Examination of ceiling 
plaster, fli11 t, corl'odcd copper cables, lithiophorite, and 
lend chromate. 

(,·) Mass Sveclroscopy.-Detormination of the ratio 
of carbon isotope~ in graphites; identification and esti
mation of purity of products of deuteration studies; 
identi:fica tiou of weed taint compounds; determination 
of rntio of oxygen isotopes in car hon dioxide; analysis 
of apple respiration products. 

(f) Instrument Labo1·a./ory.-SeYeral major items of 
rriuipmcnt have been designed and cons tructed by the 
11 1erhanical, electrical, and glnss-working shops for 
this and other Sections of the Divi~ion. In addition, a 
large amount of repair and mnintenance work bas been 
ranied out. 

'7. Ono,INIC CHEMISTRY. 

The 11·ork of this Section lrns been chiefly directed to 
the study of wool wax and sugnr-cane wax, which are 
both potentinlly of economic importance; the study 
of the alkaloids of Australian flora, some that give rise 
to di,5easC's in stock and others that might have useful 
therapeutic a11d other propert.i.es ; a study of the 
mechanism of the phenol-formaldehyde condensation ; 
and the furthe r invest.igation of products which can be 
obtained as tho ,result of reaction between acetone and 
ammoma. 

(a) Trool Wax.-The study of this by-product of the 
1roollen industry has been continued with the object of 
i~olat.ing the ,rnol-wnx alcohols and determu1ing their 
strnctnres. A more detailed account of th is work will 
lie found in Chapter XV., Section 6. 

(b) Sugrir-cane Wax.-Several thousand tons yearly 
of this wax aro potentially available from the solvent 
extraction of the filter muds from cane-sugar mills. A 
refining and bleaching process was described in the 
previous Report. It invoher l'C'lllOYal of undesirable 
ronsti tuents by heating under reduced press1~rc and 
bleaching hy chromic acid, n11d gives a hard palC' 
,vrllow wax which is essentially a mixture of higher 
l'ntt,v ncick The rost of producing this blenched wa:<: 
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bas been estimated as closely :l.,; is possible fro111 
laboratory data and it appears that it could be ~old at 
a competitive price. In attempts to convert tl!1s wax 
into a series of ester waxes, much unexpected d1fficult_y 
bas been met. Although it is readily esterifiecl witl1 
,:imple ruonohyd1·ic alcohols, only incomplete esterifica
tion has so far been effected with polyhydric alcohols, 
which should yield wax esters of greater valne to the 
wax industry than sugar-cane wax. 

(c) All,aloids.- The programme of 5tock_ poi?on 
investio·ations outlined in the last Repor t 1s bemg 
,videne~l to include iltalayci hem·iglaucci, which i~ 
presumed to be J·esponsible for the co-cal led 
"Kimberley" disease of horse:;, and lndi,qofera. 
enneaphylla, which has r ecently been iden tifiet! as the 
cause of "Bir dsville '' disea,se of horses. Cons1derablc 
progress has been made with the development_ of_ 11 
paper chromatographic method for the quantitative 
study of variations in the alkaloid content _of 
TI eliolropimn cu·ropaemn, and the struct11re of las10-
ear pic acid, the major esterifying acid of the alkaloid 
lasiocarpine, has been determined. It bas been estab
lished that the toxic principle of the cycad Bowenia 
serrata is the n1tr ogenou5 glycosicle rnacrozamin. 

The bark of tl1e ~\ ustralian commer cial timber treC' 
Balanops a11stralns1'.ca, which gives riEe to nasal inita
tion, has y iPldecl two tritcrpcnes, one identical_ with 
frie<lelin ( from cork) and the second, not prev10usly 
described, a dihydrofriedelin. Tests by .lssociatc 
Profes~or Sliaw of the Department of Physiology, 
University of Melbourne, havp shown that neither 
posses.,es 'to an.v marked degree the il'l'itant_ pl'operties 
rharacteristic of the timber aud, in fact, this prnpert,v 
has been located in a watcr-soluhle fraeti01L 

Tl1e invcst.io·ation of tl1e alkal oids of Australir111 
Rutaceae hns been cont inued. ·work 011 the alkaloid., 
of Penlnceras cwstralis has beC'n corupletefl and two 
of t he thl'ce members of this new group have bePn 
synthC>sizerl. Fnrtlwr work has con:firrnecl the struc
tures allotted to the pyranofuranoquinoline bases 
acronidi11e and medicosmine, which :nc derived from 
ot.her membc>1·s of th C' RntneC'ae, and some interesting 
featmes of their chemisti·y ham been brought to light. 
The ultra-violet absorption spectra of these and of 
other furanoqn inoliue a lkaloicls arc heing studiPd in 
collaboration with the ('!hem ical Ph,ysics .Sert.ion. The 
alkaloid of G?troccirp11s a,mericanus h11s been identified 
as p,lrneanthine by romparison with an authentic speci
men isolated, from Phaeanl-lws ebracleolat?is. Work is 
continuing on the 1•esican t alkaloid cryptopleurine. 
Unfor tunately the amount present in the bark is much 
less than was at first thougJ1t. 

(cl) Plastic Investigaf.ion.-(i) Kinetics of the 
Phenol-formalrlPhyde C1ondensation.-An iuvcstip;ation 
is being- made of the phe11ol-forma.ldebyrle reaction 
whicl1 is the basis of the phenolic resin industry. 
However , in oi·der to study the phenol-formaldel1yd<-l 
r eaction under alkaline conditions it is necessary to 
study the exact course of a simultaneous r eaction 
involving formaldehyde and alkali. This ha s been 
achieved by -pr eventing the phenol-formaldehyde 
r enction bv the use of a phenol which does not renC't 
with formaldehyde. H aving cletprrnined t-he conrse. of 
the for maldchvde-alkali reaction, allowance can hr 
made for it " ;hen it occurs simultaneously with the 
r eaction hetween formaldehyde and phenol. By this 
means it hns been nossible f·o measurr thP rnte of t he 
latter reaction. The phenols used in rC>sin m1111ufar
t.11re reii r t with several molecules o f formaldehyclr, 
hnt in t.l1e nresent investirration the reaction has been 
~im..-.lified by th e use of phenols which can react with 
on]v one. 

(ii) Adhesives of T annin-form.aldehyde. - The 
tannin of Pim.is radiatn hark is easily extracted and 
has p roved to be vt>r_y nrtivc in ndhrsivr~ of t l1is typt', 

I f;s properties differ ~ligli tly _f_ron'. tl1os~ of 1ui1m~sa 
hark tannin, uc1;e;:;sitating mod1ficat1ons of the _adhe~rvc 
fo r111ula and pal'ticulal'ly of the methods of ghn~tg. 
}fodifica t ions al'o sti ll bcinp; made, but an adhesive 
has been prepared wl1ich gi.\·es a waterproof bond i n 
plywood if set 11 l about 100° C. 

(e) '/ 'lie Reaci'ion uelween Acelo11e ond ... bnmonia.
Whereas at temperatur es up to roow tern per atnre the 
pl'Odnct of this reaction is, 11s alrcad_y reported, a 
p<•ntametlt,yl pyrimidine, it has n_O\I' been found that 
at higher tr111pen1turcs entirely difforrnt products result 
ll'hich arc derivatives of dih,ydropyridine. These can 
be ,;c-lec:til'ely hydrogen ated first to tetra- aud theu t~ 
hexah_ydropyridi11es, making posRible a ready means of 
t.ransitiou from c:henp reagents to beterocyclic bases 
nf potential ly usr1ful classes. A detailed study of these 
compounds 1111d their metborl of formation is in 
pr op;re,:s. 

S. OHEM:10,IL ENGlNEJ.~RJ:\'O. 

.\pplied ond fundamental researclr has been con
ti nu eel with the object of obtaining design data for 
industrial operations and processes, particularly in 
thr fields of adsorption, fluid properties, fine particles, 
'lllcl the utilization of low-rank coals. 

Tl1e advi$Ol'.Y service to chemical iudustr_y bas been 
rnn tinurd, as well as the provision of facilities for the 
;Jesi~n and ronstruction of eqniprncnt for other Sections 
of tl1e Division. 

Darin!\' the _year the faeilities of the Section were 
niadc available to twelve guest workers, most of whom 
were seconded from industry to investigate par ticular 
11rohlems of the industries concern ed. 

( n) Development of Adso1·ptio11 Proces.Qes.-W ork 
ha~ been continued on the de,elopmrnt of ll continuous 
fractionating process fo1· the separation of the com
ponC'nts of ~olutions by adsorption on carbon and other 
adsorbents. T he investigations have been centred on 
the separation of antibiotic m11terials and the treat
ment of industrial effiuents. :Method~ have been 
cloYeloped for ohtaining continnou~ counter cm-rent 
ifow between the solid adsorbP7t phasr and .the solu
t ions. and these methods have been applied to both 
ront.i1111ous aml batdr frnct.i onatin~ processes. The 
1rnccessful operation of these fractio11ating procedur e.~ 
hns r eanirecl tbe development of new methods for 
accura.tely controllin!!; 11nd measuring small flow rates 
fo1· both solids and liquids. 

The officer in cha rge of this investigation spent part 
of the year in En,g;land and A.merica Rtndying- devclop
mrnts in adsor ption ])l'OC'esses. 

(b) Fl11irl Pi·operlies.-,The application of mauy 
1'nginceriJ1g desig-n procedures is depC>ndent on a 
knowledge of the values of the physical proper ties of 
flni1ls and of tlieir variation with temper11ture and 
pre~surP. To assist in overcoming the general lack 
of s11cl1 values and of methods of p r edicting 1:hem tl10 
Section has eontinued investigations to ' deter~ine 
nrecise liqnid and vapour equilib1·ium ronceutrations 
for binary m ixtures. and other ph,vsiC>al pronerties of 
fl11 ids. and the mam1cr of tl1efr va1·iation with chann-,1 
in tPmJ)eratnre or Pressnrr. t n the former work valu~s 
l1a,·e heen obtoiued for the binarv system rv"lohexanP
nit.rohenzene at 80° C. and · 'i60 mm.' pressure. 
A pparntus l1as been develop~d for equilibrium 
mMt~nrPments on systrms h nvin '! bigh r el11tivP 
volatilitv. Equipment hns alrn hC'rn con~trnetecl for 
the nrecise determination of heats of mixiu_g. 

The methods of statistical mechanics liave been used 
in a t.br.orrtical stndy to evaluate the thermodvnamic 
fun<>tions. Jhstly for a one-dirnensiona 1 arr11v and 
subse11uentlv for a three-dimensional a r ray of alcohol 
molecnlcs i11 a binary mLuure o-f an alc;l10l 11nd a 
non-polar liquid. 'T'l1is tbeoref;i rnl stndy l1as o-ivcn 

• I"> , 
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results which are sim ilal' to Lhose outaiued experi
mentally, aJJd shows proniisc of JJl'OVid_ing fl_ mean? of 
predictinn· the thermodynamic properties of solutions 
of this type. This work bas formed part _of the rro
"'J'amme of tho Section's recently established l11gh
fi1·essure laboratory , where a new n~cthod permit~ing 
o-reater precision has hcell developed for the dctenm11:1-
~i0n of the secm1d 1·il'ial .coefticicnts of gases. Tlies!! 
c-oefficiP11ts represent the n~Hguitude of. the i11it(al 
drpartmc of gas from ideal1t.y a11d prnnde ,latn for 
rktenn i11ino- intermolecular fol'ccs. Val urs of the 
c'ocffieicuts 

0

barn bee n determined for eliloro111 r thane, 
flnol'omctl11rne, 1·yclo71ropm1r:. ,nHl n-huta11ol. 

Equiprnrnt 1rnd method~ h:1vc been dev_clopcJ for tliL· 
study of the effects of solrnt1on 011 t!1c chp_olc J11•n1cnt s 
of molecules in solvents of low dwlectnc consta nt;;. 
Tu t,his connexion doterm im1tions liave been madr of 
the dielcct1·ic constant of ethylene over a range of high 
pressures and of solutions of chloronicthane in ethylene 
us a solvent gas up to pressnre;- of tiOO a tmospherrs 
.111<1 nt temperatures of 2i3° 0. and 50° C. 

Work lias been initiated, and equipment designed 
and p11rtly constructed, for the dcterminatioll of Joule-
1~1, om son coeffic-ie11 ts for sevcra I gases. Tl1esc dctrr
mina t ions proviclc an altrrnatiYc cxpe1·imental routr 
for the drterm im1tion of seeond virial coefficients and 
of thermodynamic properties. By such determinations 
it i s ]1oped to co-operate with ornrseas labon1 torics in 
the preparation of charts of thermodynamic propcrtie~ 
of industri11lly im11ortm1t fh1ids nnd flnid mixtures. 

The syn thesis of certain minerals is briug attr mptr<l 
at high pressures a11d tempcrnturr.s. 

Some wm·k has been domi on developing methods 
fo r s tud.ving tbe solubility or inorganic ~alts in gases 
snbirrtcd to high pressures. 

The rere11t award by tbc Oq~anization of n 1·e1'earrh 
fellO\YShip for post-graclnntr stncl_v in tlie Rip;h-pressnrc 
Laboratory has allowed an invrsti!!;ati0n of t hr thermo
dynamic properties of ionic ~ol11tions to he begnn. 

(c) Fine Pai·li-cles.- The separation of finely c1ividrd 
solids from either gas or liquid suspensions is a prob
lem common to many inclusti-ial p rocessc,. The 
obsen-ed hcl1aviou 1· of beds of fo1c nartirles when 
flocculntrrl 0 1· conip11ct.c1l ran br related to industrial 
filtration problems. Results obt:1in<'cl from r esca1·el1 
with dilntc F-nsnensions ha\·r been apnlird in t.hr desig-n 
:md eonsfruction of a ren tri fog al dust a n<l 111i,t 
,eparntor, in whicl1 it i il rxprctcd t.liat snrnll pill'l'irlrs: 
nrny hr scparatrd for 11 low 11ow~r rolls11mption. 

( d) Procl's,~ Equi7nnr11t T,a71ornlor_11.-Ad<lition s nnrl 
mo<lifications to thr p ilol"-sC'nlr 1w0rrssina; erinipmrnt 
haYr hren nrnde rlm·i nir t.hr y0ar to improve tl1e servicP 
this l ll boraf"ory nrovidr~ fo1· oth r r Srr tions of tlie 
OrQ'.:mization 1rnd for thr rhrmiral nrnn11fnrt11ri11ir 
industry. · · 

XVJTT. :MINERAGRA PHV A 1\TD 
ORE-DRESSTNG. 

1. Gr-:NERAT,, 

Miner11grnphic work to provide information on the 
inii1cral con~position of ores lias liren in progress iii 
Mclboul'llc smce 1927. O re samples arc also rxamine,1. 
in co-opcmtion with the l\{inin~ Drpart,rnent of tlw 
UniYersit:v of "Melboume and with the Scho0l of Mine~. 
Knfo:oorlie, to determine the most F<uitablr nwtl10rl, 
of treatment. This w01·k is <lr~crihNl in Sr"tion~ ~ 
imd 3 of this Chapter. 

Work in the Division of Tndnstrial Chemistry on 
the flotation of niincrals is drscribed in Sertion 4. 
Oth r 1· work in that Divisio11 on the utjJir.at.ion of 
Australi:rn rn i111wals is ,le~rrihecl in 0hnptrr X VTT .. 
<;Jer.tion 2. 

2 . . Mt NJJ:JlAVJU.P UY. 

Twenty-nine investigations have been carried out 
into the mineral association oi rocks, drill cores, and 
mill and smelter products submitted by ruining 
organizations and instit utions. Some of these were 
related to tlJC search for new mineral deposits and 
some were concerned with t11e experin1ental t r eatment 
of oi-cs in the Ore-dressing Labor atories. 

The cxalllination of a copper zinc 01·c from the 
~o. 9 mine, Drake, New South Wales, disclosed the 
diffi.cul t ic1s involred in the separation of copJ)er and 
zinc. The zinc: blenclc in t11is ore was deposited with 
~ little d1alcopyritc in solid solu tion wl1ic]1 was 
discha rged on cooling Hs rninut~ i11clusions of 
ehalcopyritE'. T he chalcopyriLc was deposited with 
a little zinc sulphide in solic1 solut ion which precipi
tated and migrated during cooling to the margin of 
t'hc chalcopyrite, coati11g it witl1 fl fllrn of zinc blende. 
Further difficulties were caused by a little secondary 
copper enrichment in which zinc blonde bas been 
ra t.her selectively replaced by chalcorif;c witl1 Lbc resnlt 
that chalcocitc is sometimes intimately as~ociate<l with 
11mcplaced residuals of zi.uc blcnde. 

Analogous difficulties are cncoUJ1terrd in a sih·er
lcad-zinc: ore from Bauloor a, near Coota111.undn1., New 
Sou th ,Vales. The galena extends as tlll'cads aud 
reinlcts along hair-line erncks ramifying nl'eas of 
massirn zinc blc11<le. The g a Jena also h as a prono11nr,ed 
t0ndenc,r to form rims 1-2 m icrons wide around grains 
of zinc blcndc and clialcopy,ite. 

Pyritic ore from Naime, South .Austrn lia, yields 
a pyritic concentrate containing both pyri te and 
r.vnhoti te. The amount of pyrrhotitE' is 15½ per 
rrnt. of the free sulpl1i<lcs in tlie 56-m icron-sized 
fraction, increasing to 27 per cent. in tl1c 20-m icr o11-
s i:r.ecl fraction. The ovPrall sul ph nr r on tent of the 
concentrate indicated tlrnt the particles le~s than 20 
microns in size, which constitute n early a quarter 
of the concentrate, contain a s t.ill higl1e1· percentage 
of pyrrhotitc. 

,in cxperime11tal zinc concentrate from the North 
Brol<en Rill m.ine c-ontained an abnol'mally high sil\·er 
content which was found to be chic to an unusual 
nmom1t of •pyrargyritc. The silvm· was locn.ted in 
composite grnin s containing dyscrnsitc, tetrahedTit,e, 
or pnar~yri.tc, the last of which was distinctly the 
most abnndant mid importa11t. 

An examination of mangnniferous slags from the 
Newcastle Steel Worl,s was made as a rontribntion 
to a programme o.f i11vestigatio11 for tl1e r ecorcry of 
manganese. The slags consist of a silicate phase and 
an oxide or "wnstite" pJrn,:e, Ph,,sphorus occurs 
in the silicate phase au<l while manganese oecm·s 
in both pha~es, i t is conceivable that ,:nch mapganese 
as orc11rs in the "wustitc" phase co11 ld he ,:eparately 
relatiYcly free from phosphorus. The prol)lom would 
rnquire thr modification of the composition of the 
~lngs to promote tho formation of the" wustite" pha;;e. 

An initial study of the l1ematite quaTtzites of the 
Micldleba.ck R-anges lrns shown that they consist of 
magnetite, hematite, some limonite, :md quartz, in 
clisti11ctly fron-1·irh and quartz-rich bands without n.ny 
rlean-cnt separation. The iron-rich bands contain as 
murh n;; :rn pei- Cell!". qunr t:z intimately inter_2:rown 
\\"itl1 the iron minerals aucl all the q1tr1.rtz-rich bantis 
rm1t11i.i1 some proportiou of iron min era ls. Ma.gnetic 
concentration of the iron rninerah is n ot likely 1-o 
he ::ft,tisfn.ctory, but grnvity separation might b e 
uffcotive. 

Tl10 examination of primary 11ranim11 0rc from Rum 
.Tmw:le and Fergusson River, N ortbern Tonitnry. has 
<1isclosecl t.ho occmrencc of the primary urani11m 
mineral, nraninitc, for the first time in .Australia. Tbe 
11raninite occurs in small rnn_qq('s and $tri1v•s un to 
3 mm. across wbicl1 tend to enwrap pyrite c;ystals or 
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npp0ar in IJlllHtz or slnte between masses of chalcopyrite 
with its associated minerals. Sometimes the uraninil.e 
is associated with oriCJ1ted intcrgrowths of cl1alcopyrite 
:ind cubanitc, derived from n chalco-pyrrhotite solid 
solution, aml sometimes it occurs as a meshwork of 
thin Ycins surrounding quartz grains. It is also found 
as strings and clusters of r ounded grains up to 0.0t/J 
mm. across in cbalcopyrite Yeins. E,·iclenco of ,·cining 
of these rnunded grains by chalcopyri te indicates that 
tl1e uraninitc was earlier than the chalcopyritc. At 
Fergusson River, cobaltite occn1·s in tho cl1alcopyr itc 
,·c inlcts. 

Tl1c in 1·estiga tion;; ha vC! hecn faci l itntrd by i;outribu
tions fro11 1 a nu111bel' of mining companies through 
the Australasian Institute of Mining and j\fctallurgy. 
Tl1c Unirn1·sity of :Mclhoi1rne has also co-operated in 
providing laboratol'y accommodation in the recent 
f'Xtcns ion;; of the Geology Department. 

:3, Orrn-nRBSSl:'{(l INVJ,:STIOA'rlONS. 

·wo1·k done at Melboume in co-operation with the 
Department of ivlining of the University is recorded 
in twenty reports. Of these, six refer to tin ore~, 
five to gold, two to lm1cl1 sands, and one each to silver, 
nrnngauesc, ::rntimony, gypsum, soi l, hro11'11 conl, and 
clover seed. Of 21 investigations i11 hand hut 
uncompletC'd, six nrc concerned wi th tin ores and three 
with \\'Olfram . E lectrostatic sepnration with or witho1.1t 
nrngnctic separat ion has been applied to beach sand~, 
t in concentrates, brown coal, and other products. 

Examinations of gr avity conecn tration of tin from 
a large low-grade ore body in New South Wales l1aYe 
li0e111 made. 

[nvcstigntions to determine the rea$on .~ for i11cO!ll· 
plctc reco,·ery of gold in a large Western _\ustrnl inn 
plant treating a low-grade ore have been carried out. 

The mining industry's demand for the ore-dressing 
invcstigntions that are being carried out in co-operation 
with the Kalgoorlie School of :Mines continues. Dur ing 
the year much attention was given to gold ores, 
particularly dumps m1d complex ores i1wolving variOt\S 
difficulties in their metallurgical treatment. Thc1·c 
was a1so a marked demand for help wit.h other metals, 
particularly lend and silver ores. Tests were under
taken, for instance, in com1exion with the concentration 
of a dump of lead-containing minerals. R eq11ests 
,1·e1·e also r<'ceived for 11sM1ys of wolfram ore~. 

4. FL01'A1'TON INVJ,STJGA'l'lON"S. 

In the Physical Chemi.•try Section of the Division 
r,f Industr ial Chemistry a satisfactory method of 
concentrating topaz (used in cer amic ware) has bc:-11 
<leYiscd. This mineral is extremely ~ern;iti,e to salt, 
dissolved in tlrn water used in the flotntion process. 
Work has continued on the separation of t he tnngstcn 
mineral, scl1celite, from King Island ore. No economic 
method 11:1s yet been fo11 ncl, and much of tlir. rliflkulty 
appea rs to bo rel ated to tlie nature of t he froth proclucrd 
in tho flotation operation. The surfaees of frothed 
solutions are, therefore, l)eing studied by rnenns of 
a new sndnce vi~comctcr, and higl1-speecl photography 
i1; heinc: used to stncly the collapse of the frotl1 walk 
The cells of a froth arc formed from single bubble$. 
T hese collapse mor<' readily than docs an agg;rcgat<' 
of bubbles and . beinp: simpler, arc more easily studied. 
However, no ;;imnlc correlation bas bern fonncl bctwrc11 
the factors w11icl1 al ter the time of thC'ir C'ollnpse md 
thC' behavionr of frothing agont!'l. 

XIX. FUE L. 

1. Gmrnnp,. 
Ileseareh on Australian roals nnclertaken hv the Coal 

Re~earch Section at Ryde, New South ·wales, is 
reported in Sect.ion$ 2 and 3 of thi$ Chapter. An 

iuve;:tigatio11 of fossi1 pollen in bro'.vn _coals, which is 
being made on a co-operative ba.s1s m t_he Botany 
School of the Un ivc1·si t_y of Melbourne, 1s reported 
in Section 4. 

The Chemical Engineering Section_ of the_ Division 
of Industrial Chemistry, Melbourne, 1s ca rryrng out a 
IJl'O"Tamme of research on the utilization of low-rank ,., 
coa 1, and this is described in Section 5. 

Ooa.l Research Section.-TLis Section was formed 
for tl1c pmposc of makino· a fundamenta l and compre
liensiYe study of tl,r. pl:';,sical ancl chemica~ charnc
f·erist.il'.5 of Austra1ian coals, i n order to provide essen-
1·i11I clata for research into new uses a11d improvement~ 
in p1·ese11t-day uses of coal, and to establish ~ -s01~nd 
basis for the rational distribution and utihzat1011 
of the national coal rnsom·c1;:s. 

l'rcparator_y work and tlte training of staff have 
proceeded l'luoughont the year in the limited space of a 
mi.all tcmporar_v laboratory, but the work bas been 
seriously hamper ed by difficulties in obtaining staff and 
delays in completing buildings commenced in October, 
1!)40. 

The temporary lahon1tory is still situated in an are:t 
made an1ilable by the Oomrnonwealtl1 Experimental 
B11ildi11g Station of the Depar tment of Works and 
Housing, and the ,Section is deeply indebted to t ht· 
Director of the St11tion. 

The Officc1·-in-charge a ttcnded the Bri tish Oornmon
wea I th Sci en ti-fie Official Con fercnce on Fuel Research 
i11 London in J ul,y, 1950, and was appointed chairmuu 
of the session dealing 11·ith syn thetic fuel aud chief co
ordinator fo r physical testing, pctroinapltir., and brown 
coul invest.igations. 

Ol1anges in personnel ham delnyocl both the petro
logical and the carbonization im·estigations, but somu 
pl'og-i-css Las been made. 

Photomicrograpl1s of spore types from .sever al seam ~ 
luH·e been pre pa red aud ya rious techniques connected 
ll'itli spor e separation have bceu studied . 

2. Ex.nn:-;ATIOK OF OoAl. SEAMS. 

(a) Lilhgoiv.-A. survey of the Lithgow ~cnm, the 
1uajor scam in the New South Wales westem coalfield, 
is 'being pursncd in the detail necessary to p rovide a 
comprehensive picture concerning trends in physical 
ancl chemir·al properties over the area of its knowH 
occunencc. Three pillar sections and one borehole 
c·or c of the cornplMe f!eam l1a1·e hcen s::impled and 
cxaminecl. J\lthough it is e;:sentially n steam coal, 
~11itablc fol' locon1oti,·e a url i11dustrial use, in the south 
of fllC' 11rna proH01111cccl cok ing lJL'Operties arc in 
c1·idcnce and liavc justified the canying- oul. of piloi
sca le ca rhou izing tmts. 

(11) ('allidc.-.\ section of the Callide ~earn from 
the Callide open-cut rniuc, Queensland, cornp1·isiug thfi 
fn 11 height of 57-.:5,q feet, lrns been exam ined in detai 1 
li_y di ,·ision into 37 sub-sections. The seam is of snb
uituminons rank with an inherent moistnl'e conteut 
exceeding JO per cent. O,ring p1•ob:ibl_y to the imma 
~u•·c n:t~ure ?f th~ coal, some difficulty wn.s c-xpcl'ienced 
111 the 1dentificat1on nnd snh•cq uent separntion of t he 
banded constituents, especially clnrain and durnin . 

(c) Bnlli.-Pillar SCC'tions eo,·e1·ino· kno,rn 1'aria
tions in height and structnre o( tl~c 13~11li scam in the 
B11nagora11g Valley diBtrict of the soutl1ern Xew South 
W nles eoa.J-field have Leen taken anrl tests have con
'.1•·me~l the pronou~1cc,l_ coking properties of this seaw 
m th1& area . Cokmg i.o associated mainly with brig}11 
co~] cont~n t and, be_cau,c of the greater fri nbility of 
~h_is const~tuen~ and its concentration in tlir. fines below 
~-m. parttclc s!lie, a separation in to a coal of excellent 
coking prope1:tics and u s_team or industrial fuel of only 
moder~ tc l'okmg proprrt1c., 111)pcn rs poRsiblr rnerel.v by 
screen mg. 
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3. ANA l,\:'SlB 01'' BHOWN O0AL. 

Samples of earthy and lignitie bi·own coa! ha,:e be_e11 
obtained from the Yallout·n open cut, V 1ctona, I 01 

the purpose of dctcnnining the general ~•pplicab_ility 
of Driti.oh Stnn<lnrds lnstitnt<J methods o { u11alys1s Lu 
coals of suc:lt lo"· ro11k. 1'l.11a lyticnl variations clue tc, 
the storngo of sample:s arc also . being ~n1•cstig_at~J. 
Minor dillicnlties have bec>n experienced !II obtammg 
accurate wei.,.ht balance d11ri11g ca.rbonizr1tion assays, 
owing Jnrgel; to the high ci1rbo_n dioxid~ content o~ ~he 
00us and also in the dctcrmrnat10n of mineral (pynt1c) 
~ulphur, and the.0 c arc being i~ve~tigated. In gen~1:nl, 
howevcl' the work so far done 111d1cates that the British 
Standur~l methods may be satisfactorily npplied to 
tl1e nual;ysis of brown coal. 

-l-. 1\I1cnosTRUCTUnE 01,• BnowN COAL. 

S1 11dies 011 fossi l pollen in l,1·ow11 coal deposits lrnvt· 
hecn c:onlinued 011 11 c·o-op(•1·11til'C basis i11 the Bota11y 
School of tl,c l'11irnrsity of ,\fo lbournc. , \11 imesti
gatiou on the gencrn Araucaric, and Ayulhis was com
pleted anti work hn,; been stnrt(•d on n fos~il C~·cnd. 

.i. U T11.1zATION o..- Low-RANK Co.Ir.. 
During the ye:nr the erection of the laboratory, 

workshop, and office accommodation for the programme 
of research of the Chemical Engineering Section of tho 
Di vision of Industrial Chemistry into the utilization 
of Austrnlia's low-rank coals \\'as completed . At 
present rcscan:h is directed toward the development 
of methods fo1· the complete gasification of Victorian 
l,rown coal for tl1c production of gas suitable for the 
syn the,:i;, of liqu id flit'!~ nud chcrnicals, and of gm1 of 
high cn lorific rnlue suitable for distribution as town gus. 

As n result of :i preli111i11nr_y investigation of the 
gasific-ation of brown coal and bro,,n-conl char.;; in a 
s11.tall-scalc lluidixccl !Jed,. a nr•w fluid-bed gasific;atio11 
1111it h:1s been c·o11sLrnc-ted w-hirh i11c·orpo1·utes 1111n1t•ro11, 
iwproremcuts. lt is hoped tl1nt this unit ll'ill provide 
1111antitati1·c data concernin~ the influence of the operat
ing ,·ariables ou the performanc·e of fluid-bed gasifica• 
ti on systems. P reliminary design.~ have also been pre
pnrc<l for a furthcl' pilot plnnt in which the oll'ectg 
of operating pressltl'cs of up to 20 atmospheres will be 
in\·Pstigutcd. 

Considerable progl'css has been made in the study 
of the kinetics of the gasificatio11 reactions of brown
c:oal ch:Hs, and in pnrticul:n in the study of the cata
lytic effects of the ash constituents of the coal on the 
\\"ater gas shift reaction. An i.J1yestigatiou of the 
clinkering behaviom of the coal ash is also in progres5. 

Rescal'rh into the production of a high calol'ific valne 
gas ha.~ progressed to the stage of design and partial 
con3trnction of experimental equipment for operation 
11 t prr•su res of up to 50 a tmosphcres. 

An investigation of the carbonizing behaviour of 
l, ro1rn coal in a fluid hed is Hearing completion. 

XX. PITYSICAL 1\IETALLURGY. 
1. G i,;NJ1!iAL. 

Thr 8rction of l ' hysical Metallurgy is still hou~ed 
in 1bc £3aillicm Laboratory in conjunction with the 
Research School of )Ietnllnrgy in the Uni,·crsity of 
:Melbourne. Its main work l1as con.sisic(I of a study 
of the mc:tallography of the nlloys of titn11iun, with 
111ctall! of the fl rst transitional period, gas surface 
reactions of tita11iu111, and the influence of prolonged 
stress 011 lead alloys. Advantage has also been taken 
of the dcvelopn'.1cnt of ntlw 111otallogra}1hic techniques 
to i11troduec them i11 tb0 labo1·atory, in conj1u1ction 
with the P ln 1sic..~ Section of the Dt>t'e11,•o lleseal'ch 
La bol'atories. · 

2. TlTANfllM ANJ) JTtl ALLOYS. 

la) Hj)'edi; of .lllu.lJ Ele111e11/::; on illlolropic '1'rans
fur11wf io11.-By menus of the hydrogen pressure 
11wtho<l, tho bohurio11r of tho allotropic transformation 
,ms stud ied in alloys of pu1·e titaniurn with vanadium, 
t l1J'o111 iu111, ma11gu11csl'. il'Oll. cobalt. 11n<l nickel resper·
tirnl,r as far a,: ;, ntomic per cent. It was found that 
the tc:111 pcrntmt• wa.- depressed by all thc•e elements. 
Tlrns :ill arc shown to haYo appreciable solid solubility 
in f:l Lilanium but very low solubility in o. titanium. 

(u) Jue lfctrde11i11g of lron-tilaniuni Alloys.
Following the c:onstitutional 11·ork on iron-titanium 
alloys, furthc1· wo1·k l1as been done ou the changes in 
meclw11 ica l ]!l'Oportios of alloys containing 6-10 per 
(•ent. iro11 b_y ngo hardoning treatments. Although not 
hanlc11crl hy quenching, they respond to a subsequent 
heat tn•:1t111c111 hc•tll'ccn ;350 oncl 450° C. 

(c) Ji.JJ)'ecls of (h:yye11 Addil·ion.- 'l'hc behaviour of 
the allotropic tran.<formation of titauiu111 on addition 
of oxygen 11·ns studied by a thermo-electric ruethod 
and by mctallogniphic techniques. 1t was shown that 
the temperature is nppreeiably raised by 5 atomic per 
rout. ( 1.75 wt. pCI' cent.). Tho influence of oxygen 
on tl1e mechanical properties was also studied. It 
was found tlu,t 1-1.5 atomic per cent. increases the 
tensile streHgth o,y 10-20 tons/.,q. in. but there is a 
corrospo11ding loss of ductility. 

( d) 1i· inelics of Oas Reactions wilh :t,itanium.-The 
absorption of oxygen and other gases by titanium has 
led to 1111 imcstiga I ion of tho kinetics of gas reactions 
11·ith th i., met11l nt nnio11s tc111pc1·aturP~. Tn , icw of 
i lit• g1·l'at 1·cactil'ity shown at IC! 111 peYatures o,·er 500° C. 
it i1: i111porta11! lo knoll' lioll' titauium nnd its alloys 
ll'ill rcac·t nndel' the high-temperature condition" untlcr 
1rlticlt this metal nrn.1 be used. 

(r) , I 111dyfi1·al .1/clhods.- lu con11cxio11 with this 
alloy ll'Ork, it has lwc11 necessary to de\"clop methods fol' 
c:hemic·al analy~i.•. The object has bcc:n to amid tlw 
.-ep:1ratio11 of large amounts of titanium from the 
~ol11 tio11. l'hot o-elcctl'ic colorimetric methods have bccm 
clc\'\Jl(1p<•d fo1· tl1 t' estim atio11 of silicon, iron, mangaucse, 
ehrorni11m, nickel, coualt, an<l coppel' in solutions con
taining large amounts of titanium. ,\ satisfactory 
method of llctcrn,in iug oxygen in these alloys by 
rcrno,·i11g the 111otal \\'i.th chlorine has also been 
dc\"clopcd. Further wo1·k is proceeding ou the extrnc
tiou of titaniu111 cupfcrratc from aqueous solution 
tL~ing chloroform in ordc-1' to facilitate estimation of 
aluminium, cnlci11rn, and magnesium. 

(f) A'leclrolylir.: fiJ:draclion of 'l'itnnium.- J..n im
portant contribution to the extraction metallurgy of 
titanium has been made in conjunction with a research 
studeut i.11 the School of Metallurgy. :Metallic titanium 
11"/IS prnd11cod by tihc electrolysis of titanium trichloride 
dis~olrcd in H 1110Hc11 halide mixtme. Main ditliculty 
in thll dercloprnc11t of this proces:, is the chemical one 
of reducing efticicntly the tetrachloride to the tri
c·hloridc. 

3. CJ1:i,;i,;p OF Li::.10 ... \.LLOYS. 

Thi~ 11·ork has c:ontilmed on lines previously out
lined. The c:omplcx rclatiou.,hip between thallium 
coutP11t and creep rate is still being studied. These 
alloy~ n1·c yicldi11~ data which will help to elucidate 
the 111ct·ha11ism hy whirh slow deformation under stress 
take!. place. · 

The uiethods of pl1asc-contra-,t 111icroscopy and 
mnl tiplo-beam i11t('1·fcromctr,y, nnd tltc u~e of polarized 
light. hnvc been dc,·clop<'.'d and nre _yieldi.l1g useful 
re~ults. 
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XXI. TRIBOPHYSICS. 
1. GENERAL, 

Division of Tribophysics.- The wor~ of t~e Division 
dming the past ye.ar has been a contmuat1on of t~at 
described in last year's Annual Repor t. Understandmg 
of the causes of friction has advanced and it has become 
cleur that the i;urface properties of a metal exert a 
greater effect on the process of sliding than do _the bulk 
properties. For this re,tson tLe group wlnch was 
formerly investigating tl1e fri<; tional bl'h1t1·iou1· of 
meta ls is now studying surface properties of solids. 

The development of the work .is still hindered by lack 
of space. Construction of the new laboratory has 
begun, but in the meantime the Division is still using 
the fac i Ii tics of the Chemistry Department of the 
University of Melbourne. Siucere thanks arc due to 
the Uni,·crsity and to Professor Hartung. The active 
co-operation of the Chemistry, Metallurgy, Physics, 
and Engineering Departments of the University l1as 
grratly assisted the Division. 

Uo-opcration with the Chemical Physics Section of 
the Dil-ision of Industrial Chemistry has coutinued. 
As the electron diffraction camera has arrived and is 
uow operating- in the Division of T1:ibo1,>hysics, t he 
officer workiug ou the structure of lubncatmg films on 
metals has returned from the Division of lndustrial 
Chemistry. The D iYision hns contin ued to give assis
tance and ad vice to many in dustrial organizations and 
Government ancl University Dept1l'tn1e11ts in the :fields 
of lubrication, bear ings, metallurgy, electrolytic 
polishing and plating, surface rhenustry, and elec
tronics. Members of the Division are acting on various 
technical committees, in particular on tl1c Engineering 
U roup Committee. The metallurgical colloquia hel<l 
with other rnctallurgienl groups in nfolbourne co11t.inuc 
to attract largo att.emlances. 

:J. l'1rn1•E1ff11,s or- Svn.1,-.\CEs. 

The friC"tional forces between sliding metals arise 
1:11aiJ1ly from the shearing of junctions and, to a small 
extent, from the ploughing of the slider through t he 
stationary surface. As the asperities ou which the 
t\\'0 rncta l surfaces make contact a re covered by oxido 
l11yel's, the possibility of a rneta1-to-mctal junction being 
formed depends on tlie thickness, strength, anti brittle
ness of the oxide. When the junctions are b1·oke11 
clming sliding the free metal surfaces oxidize again 
immediately. On repeated slid ing oxide particles a rc 
broken off the surface and become deeply embedded in 
the metal i:s it suffe rs turbulent deformation. Hence, 
tlie bulk properties of the sl iding metals influence the 
friction only to n small extent, and a further study of 
the l)ehavionr of metal surfaces is required. 

Apart from inYestigations on some practical aspect, 
of fri<:tion and lnbricntion, the wod: is now mainly r,ou
cwrncrl with tbc propertie,~ of snrface films of long
c·buin rom pounds and the surface tension of solids. 
]~xperiments are also in progress ou the catalyt.ir 
ucti,·ity of sing1e crys talline snrfoces and the propertie, 
of sil icone lubricants. 

(o) Bearing Tcsli'.11g .-Tbe test equipment lias been 
further developed fot more precise evaluation of benr
ings under a witler range of operntiup; conclit.ions. Test:, 
on white metal bearings have shown that mrx imu1J1 
load-r·anying ability nnd minimum frict.iou arc 
obtained onl_y with very careful alig11me11 t ancl highe~t 
geometric accuracy of manufacture. 

(b) Pislo11-rin,q .unbrication.-The stability of the 
oil :film between piston ring 11nd cylinder wall is being 
investigated by eontinuons measurement of t.he electrical 
resistance of tbe film. It has been shown that nuder 
normal engi11e operating conditiom the oil :film i~ 
m:iintninNl ove11 in the presence of ver,v small q1rnntit.ies 

of oil, although breakdown always occurs _a~ top and 
bottom dead centre. The most adverse cond1t10n occur~ 
in starting from cold, when petrol condensation on the 
cylinder walls may completely rupture the oil film for 
::;e1·enll minutes. 

( c) ,:ipreading of .Liquids on &olids.- The ruecha-
11 i,;m ancl rate of spreading of various oils over clean 
polished metals and the influence of small concentra-
1 i.011;; of long-chai n polar compounds are Leing studied. 
Expe1·i1uents indicate that adsorbed water :films present 
on tl1c su rfaces may inlfoence con.5il1 C'rably il1e ra te of 
8preading of an oil.. 

(cl) Adsorption.- T he formation of surface films of 
polar long-chain substances on solid surfaces by ad~orp
tion from solutions is being investigated by duect 
measurement. Owing to the great difficulties associated 
with the removal of contaminants from the surface of 
metal powders, oxides are now being used. A study ?f 
fhc adsorption isotherms at different temperatures ,nil 
pro,·ide information ou phase changes in adsorbed films 
of vatious compounds. 

( e) Surface Tension of Solids.- A knowledge of the 
:mrfacc energy of solids is required for the under
standing of the sintering of metal powders and the 
geometric ~tructnre of polycrystalline metals. The 
st1 rfoc<' cnci·gy of metals is being determined by measur
iJ1g the change iu length of :line wires suspended under 
known loads at high temperatures. Wires a few 
tl1ousandths of an inch thick extruded in vacuum are 
maintained slightly below the melting point and the 
load is noted which just balances the contraction due to 
surface tension. 

(!) Electrolytic Polishi1i,q.-.A lthough electrolytic 
polishing is widely used in industry and research, its 
h11sir mechanism has remained hitl1cr to ob:;cure. 
Experiments have shown that polishing is due to the 
fol'll1ation of an oxide film at the metal surface. This 
is covered Ly a viscous liquid layer of products of 
electrolysis. It follows that the surface of an electro
lytically polished ,specimen is always contaminated 
ll'i th oxide. 

The demand fol' the manual on electrolytic pohshi.ug 
issnecl two years ago continues, and the Division 
nns\\'et·s frequent inquiries from industr_y and l'esca,rch 
lahoJ"Utories on electrolytic polishing methods. 

3. METAL P11Ys1cs. 
T he work on metal physics is coJ1cernecl wi th the 

pla~tic properties of metals and with the mechanism 
of phase changes. Greater knowledge in these twq_ 
fielcls will make it possible to statr the optimum condi
tions of a material for various uppl:ica tions in practice. 

( n) l)luslic Defonna tion.-The plastic deformation 
of metals occurs mainly by slip within the crystals, 
and it is now generally assumed that sliµ takes place 
thro11gh the motion of a µarticula r type of lattice defect 
- I'll£' ~o-callf,r] dislocation. RowC' 1·er, no dirr rt 
evidence of the existence of disl ocations and of the 
co1mexio11 of their movement with slip is as yet 
aYnila ble. For these reasons the proh1ems of slip and 
,ro1·k-lia.r1leni11g are being attacked experimentally from 
rnrions angles, wi.th the particular ai111 of learning more 
about the lat.tice defects ancl their density and arrange
mont after deformation. 

( i) Shape of X -ray Interference .uines.-The lattice 
distortions produced by deformation manifest them
selves by a broadening of the lines in X--ray diag1·runs. 
T n order to obtain information 011 the <le tails of these 
cl istort ions, the exact shapes of the lines have to be 
known. Techniques used previously ha\'e yielded un
sntisf act.ory 1·esults because monochromatic rac1iatio11 
\I'll " not used. With strictly monochromatic radiation 
the intensities become very small and necessitl'lt<' the usr. 
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of Geiger counters. 'l'he Geiger couutur ~pectrometers 
built in the Division fulfil all the reqmr ements and 
work satisfactorily. From the line shape the energy 
associated with the lattice distortions can be (:::tlculated 
and this is correlated with values obtained by direct 
measurements. 

(ii) Jll.easurement of Energy f:Jlor~d ·~,~ a .Metal 
Dw·ing Defonnalion.-This energy 1s liberated 011 

annealing the metal and can be measured as the 
difference in the specific heats of deformed and un~e
formed s11ecimens. As the differeuce .is small relat.1vc 
to the specific heats an apparatus o[ extr emely· high 
accuracy is needed.' A tlifferential method is beiug 
employed. A differential milli-watt1.11eter and auto
matic temperature controllers keeping temperntme 
difference within 1/10° C. have been constructed. The 
accmacy of the results is about 5 per cent. compared 
with tlio 20 to 30 per cent. obtaiHecl by prcviou~ 
obse1·vcrs. Effects of grain size of the metal, typo of 
deformation, and previous history of tho specnncn, 
for,nerly inaccessible to measurement, can now bc 
olJscrved. 

(iii.) Change in Elect1•ical Resislivi/.y due lo Cold 
ll'o1·/.·i11g.-Wires of several metals an<l alloys have been 
di-awn at various temperatures ranging from - 183° 0 . 
to + 100° C. and the resistivities measured at thc,;o 
temperatures. The higher tlie temJlCrature of tleforma
tiou the smaller is the increase in resistivity, since the 
dislorat.ions are more mobile and um diffuse more 
readily ont of the crystal. When the resistivity is 
plotted against temperature, the cunes for the annealed 
an<l the deformed wires are very neal'ly parallel. TJ1c 
analysis of these results in tel'rns of mimber and 
distribution of dislocations bas still to be r-a1Tietl out. 

(iv) Defonna,t-ion of Two-phase .lllovs.-The r ela· 
1i,·c deformations of the phases in cl11plex brass hare 
been studied over wi<le ranges of deformations au<l 
j)l'OJJortions of the two phases present. Wire drawing 
was used as the method of deformation aucl the tom· 
peratul'e at which recrystallization begins was used as 
a11 index of the deg1·ee of defonnation. ln alloys con
faiuing rnol'e than 30 per cent. by volume of the hard 
plrnse, crystals of both phases dcfol'm to t.hc same 
extent for total deformations of np to 80 per ce11t. 
reduction in area. In alloys contai_ning 10 and 20 per 
cent. by volume of tl1e hard phase, tl1c hcavier dcfo.n11a
ti011 nhw1_ys occurs in tlw s0fter p l111sr-, nlthongb t.h,: 
,l iffr-ren('c in dcfonnatiou of the two ph11sPS become~ )cF, 
as the total drfol'mation of the bl'a;:~ in r-1·easc~ b(·yond 
about :SO per cent. reduction in area .. 

( Y) Recrystallizat·ion.-The growtl1 of the nc1r 
crystals in deformed specimens dming rccrystalli,mtion 
l1as heen followed using polarized light. The fact that 
1he gl'owth is erratic .;uggcsts a reason for the l1itherto 
unexplained obse1·vation that the rate of nucleation in
rre:\srs with annealing time. Beca 11~0 of the non
uniformity of the rate of growth, tl1C' period during 
which a. growing nucleus remains too small to be 
observed will be very variable. Only n certain fraction 
of these nuclei will grow to an obsernil1le size in sncces
s i1'e units of time. The number of unobserved 
nuclei will i11crease witl1 time if the true nuclea
t.ioll rate is constant, and henee the appnrent 
rntc of nucleation will increase with t iuJI'>. 

The reasons for the erratic growth nre still not clear, 
l111(] flll'the r c"pcriments a re in progl'ess i n an attern11t 
to correlate the inhomogeneity of defol'mat.ion with the 
mode of recrystallization. 

(b) Phase Ohanges.- There are two ways in which 
a phase change in solids cnn occur. First, it may 
involve nucleation and g l'owtl1 of thr nuclei, in which 
,·ase thel'mally activated diffusion is t.he fundamen t11l 
me.rhnnism. Serornlly. the rc-arrangrment, of th<i 
atoms may occnr in such a way that carh atom lrns the 

same nei.,.hbou-rs in the new structure as it had in the 
old, 110 interchange in the position of neighbotll'ing 
atoms having taken place. The second type of eha1,1ge 
occUl's extremely rapidly, and proceeds_ only dunng 
cooling of the alloy. As the hardemng of steels 
( formation of marteusite) is due to this type of trans
furma tion, its practical importance can. hardly be 
ovcnated. 

.From ,·nrious obseHablo features, particulal'ly the 
clrna"'c i11 external shape during the transformation, 
Ilic 1~0Yement of the ntorns ran be deduced. This has 
been done fo1· steels and some alloys by one of the 
l)i1·i::;ion's otfieel's while on a .Studentship in Chicago. 
The technique deYelopecl during these investigations 
is now being used to find the atomic movements in 
tninsfor111atio11s which produce changes in external 
~lwpc of the speciwens, although they occm by ther mal 
di /fusion. The onlcr-disol'dor transformation in 
copper-gold and the pl'ecipitation in supersaturated 
coppcl'- beryllium alloys are being investigated and it 
tiCC 1t1s tha t tho mechanisms by which nucleation-growth 
an<l "lll:J.l'tensite" tl'ansformations occur may not be 
as fundamentally different as first thought. 

4 . HEACTION KINE'fl('!;. 

The kiHetics group has been concemcd mniuly with 
tll'o problems, a study of the kinetics of oxidation of 
org:111ic compounds and the measurement of thermal 
conclnct,irities of organic vapours. 

Work i s also iu progress ou the reactious of free 
radicals with gaseous hydrocarbons and on Hie kinetic~ 
of decomposition of Ol'ganic peroxide~. 

((I) Kinetics of Oxidal ion .Reactions.- H.eactions of 
organic substances with atmosphel'ic oxygcll are com
mon l_y used in indnstria I processes. They also cause 
I lie dctcrio1·;1 tio11 of numerous matc1·ials, for example, 
lnl.n·icants and rubber. 

Tl1e experimer1 tal study of the kinetics of oxidation 
is bein,!?; pursued 1.v two methods, each of which is 
<lesigued for the examination of a single step in the 
reaction mechanism. 

( i) 'J'lre 0.\ id rt/ ion of Aldehydes in Solut-ion.-The 
oxi<latinn of bc11r.:ilrlrbyde to hydroperoxide in the 
prcscnc:c of a pel'oxi(le catalyst occurs by two simul
t:i11rn11s but distinct chnin reactions, one of which is 
initiatcll by the catalyst. The othel' r eaction is of 
~peci.al iute1·c•st in that, thongh a chain reaction, it 
:1ppcars not to iHvoh-c free radicals. 

(ii ) '/'he U:1;idcllio11 of S·imzile llydrocarbuns in lhe 
Uas l'hasr..~:i tcelmique ,has been deYcloped for the 
()I) ·enntiou of tlle kinetics of the first stages of the 
oxidation. The hnetic behaviour in these circum
sta1l('cs is co11siderably simpler tl1:m that which obtains 
11·hen the reaction has become ful]y dcYeloped. 
Obse1Tations on the effects of inert gases on the rate 
of dt>vcloprn<:'nt of the reaction :haYe :dfonlccl some 
insight into tho reaction mechanism. 

,\ new t.11001·.v of the ki11etics of hydroc:arbo11 oxida
t ion has been pr opo~ed which a c·eoun ts for n number 
of the experimental facts relating to tlio complex 
hrba1·iour of the rea.ction in its more advanced stages. 

(b) 'Plwrm(/l Gondnclivify of Organir: l'nponrs.
Thr extent to whicl1 Ol'ganir molecules are aRsociated 
in the vn ponr phnse is being studied by measure
ment< of thel'mal concluctiYit:v at va.l'ions pres-
sun~~- With molecules in which 110 as~ociation 
is possible, the pressure dependence of the thermal 
rondnrtiYity is sight, but vapours ,i f molrcule~ 
whi,cl1 may be expected to associate show a more 
pronounced iucreRse in thermal conductivitv with 
inrrrasing pressurr. From these> rneasmrmeii'ts it is 
possiblr to determine the association constants and 
hc•:i ts of association for various molecules. 



xxn . .NATIONAL STANDAHJJS 
LABOrtATORY. 

'l'Jte Nntional Standards Laborator_y wni:; founded 
iu 1938 as a result of the 0ommonwenlth Govern
men t's decision to exte1t<l the activities of the Oouucil 
for Scientific and Industrial Hesearch to secondary 
industry. The ~econdary lmlustries T esting and 
Hescnrch Committee, set up by the Government to 
prepare a plan for this extension, recommended inter 
nl-ia that a National Standards Laboratory be estab
lished to maintain the physical sta11dards of measure
ment for the Commonwealth and to proYidc means 
for the cnlibration of sec011dary and working standa1:ds. 
These subsitliary standards are a fundamental requue
ment for t-lic effective development of secondary indus
t1·_y, particularly in those branches in wl1ich h \gl, 
precision and inte rchangeability of parts are essential . 
The C:omrnitt-ee's r eport also pointed out that the 
establislnucnt of a National Standards Laboratory 
would enable tl1e Weights and Mcasurns administrat ion 
of the Ya r ious States to be based on Oonnnonwealt], 
standards, as was the wisl1 of the 1036 Confere11Cc of 
Commonwealth and State Ministers. 

Tbe Laboratory was established in tl1e grounds of 
the U 11iYcrsity of Sydney antl is now able to meet 
most of the requirements of industry and ~overnmcntal 
and semi-governmental authorities for the calibration 
of sub-standards and precision measuring equipment 
in terms of internationally 1·ecognizcd standards of 
measurement. 

Legal status is given to the stauclards of measure
ment maintained by the National Standards Laboratory 
hy the Wr.,ights and Measures (National Standards) 
II cf: 1948, wl1icl1 makes the Organization the custodian 
of the national !':t11ndards of measurement. Under 
this Act the Stutes ronti11uc tl1e administration of 
·w eights and Measurrs matten; affecting trade aud 
commerce.', and the States' sta11dards of measurement 
are deri,·rd from the Coo1m on111eal th stniHbrds of 
mc11sur011wnt maintained by tho Nationnl Standards 
Labornf·ory. The Commonwealth kgal llltits and 
standanh of measurement are defined i11 the Regul1t
tio11s to this Act, whieh also provides for a National 
Standards Commission to advise the Commornvcaltli 
Government on ·weights and Measures. 

The statutory functions of the National Stanclnrds 
Laboratory in rnaintnining standards, testing, anrl 
calibration arc carried out by t11c Divisions of 
n<Ietrology, (Ph_ysics, and Electrotechnology. in t he 
following special fields :-

1llelrolo_qy.-Le11gth, mass, tillle, and the physic11.l 
quantities directly derived from tliese, such as area, 
volume, force, and pre~sure. The needs of industry 
in these -field:, inevitably involve this Oivision in 
certain aspects of applied mechanics. 

Physics.~Hcat, which involves maintaining the 
Iutcruational Tcrnpcrnture Scale; light, including 
<·anrlle-powcr, luminon · 1iux, illumina tion. colour 
measu 1·emen t; viscosity; · the prim n r_y e lectriol-11 
:-;tandards of r esistance and vol tage. 

Eleclrolecli nology.-I{esistance and n.1l tage other 
than the primary standards, capa citance, inductance. 
power, freq uency, magnetic qtrnntitics, the maintenance 
of st:rnda rds of measnrcnrnnt of these quantities for 
both direct and alternating current over the range nsed 
in industry and in rescarcli. 

The three Divisions of tl10 Laboratory cany out 
rcscal'ch in matters directly r elated to the ·main
tena11ce of standards and preci.sion measurement, ancl 
also_ prnvide an.important sci•vice to indt1stry by giving 
advice on methods of measurement and b_y investigating 
special problems. The Divisio11s also engage in 
rescni·ch of a more fundamental kind. Details of the 
work of the constituent Divi~iom are n·iven in the 
following three chapters. "' 

XXIII. :M:ETROLOGY. 

1. GENERAL. 

JJi,vision of .M elrology .-As a part of t he N ation~l 
standards Lalioratory, the Division of Yletrology 1s 
responsible for the Commonwealth _Standards of 
measurement of le11gtb, mass, and tune, and the 
associate.cl physical quantities. Much of the work of 
the DiYision during tl1c year has been directed towards 
11,eeting its statutory obligations. . . 

The universal comparator has been rnstaJled and lS 

1necti11g all requir ements. The geodetic base has be.en 
set up and filial adjustments are in progress. Produc
tion of thr working sta11dards of mass has commenced 
in the la borator_y workshop. 

The progrnmmo to supply electronic temperature. 
eontrol equipment for various purposes in the D ivision 
lrn$ been virtually completed . Eight proportioning 
controlle rs, complete 11·ith bridges and sensitive 
rlr111e11t», and t1ro 2-kV .A. transductor units have been 
))l) i lt and pleasing results harn been obtained from them 
i11 opl'ratiou. fo addition a ne11· 0.5-kVA. trilnsductor 
1111it has bcrn designed and is being made. 

A continuously variable controller for krypton 
Jiscbarge lamps Las been developed. It is entirely 
mains operated and will control the lamp current over 
the full range, i.e., 15-80 mA. at 1,500 volts. The 
experimental controller is in use in the Division and a 
final design has bee.11 prepared from which two con
tro11c1·s are being built. Work has been done on the 
preliminary design for a 100 Mc/s. generntor for 
mercury 1!.JS discharge lamps. 

·Ofticcrs of the Division took part in the work of 
Yarious Conunittees of the Standards Association of 
~ ustralia, and of the N ationa1 Association of Testing 
-\uthorities, the :Engineering Grnup Conferences of 
Departmental l aboratories, the Engineering Production 
( 'omention, and scientific and technical socie.ties. A 
contribution was made to th~ Exhibition of Scientific 
Equipment held in Melbourne. 

Helations with industry are becoming closer. The 
Division has during the past ~ix months been imesti
gating rnethods of auaiysiug engineering designs for 
production, the optimum coustn1ction of the basic 
engineering standards in ..iustralia, and the general 
principles for their !Jlost effective application in 
industry. It is expected that this work will assist the 
<:ngineeJ·ing industry to effect improvl!ments in their 
oYcral l production economy. 

In pursuing aud stimulating interest in the work, the 
Di,·ision playe.d a leading part in the Engineering Pro
duction Convention 1cld to discuss tl1ese subjects in the 
Uui,usity of Sydne.y from 21st May to 24th llfay, 1951. 
T his Convention was sponsored by the Sydney Division 
of the Institution of Engiuce rs, Australia, and was 
suppol' ted by othcl' professional, irnlusttial, and govern
mental bodies. lts central theme was twofold : to 
1·xplorc tl ,e optiLJw1u construction of e.acl1 basic stan
cb rcl as a natio11al or ernu intcruntional standard and 
l o consitl<'r the best way for each individual n/m to 
C'MahliRh nnd u,:r its own l oea1 sut·:c~ of ·tandards. Si., 
11·el1-k11oll'11 engincprs, including two frolll the· staff of 
the Di,·i.sion, ,;ubmitted papers for <li ,,cussion. Resolu
tio11s at the final meeting marked tbc interest of Aus
tl'alim1 cnginerr s in the furtlw1· drYe1opment of the 
work. Tt was recommended tl1nt the. Coum:il of the 
Institution of Engineers, Australia, a nd the Australian 
S11b-Co11ncil of the Iustitntion of Production Engineers 
jointly establish a eo-ordiuating committee to continue 
to stirnll1ate interest in matters relati.llg to engineering 
prod1iction by p r omoting lectui·es, confcre11ces, exhibi
tions. i11ycst:g-ations, and like activities. 

Tt i s rlcar tlrnt industry now expects t.he Division to 
p;ive. Msistnncc by taking part in an edncatio1rnl pro
p;rarnmc on inter-linked fundamen tals of production 
engi neering-, viz., limits aud nts, gauging principles, 
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screw threads, surface finish, and drawing practice, aud 
by conducting investigation and r esearch in these :fields 
and in the associated practical applications. 

2. LENGTH AND ..iSSOClA'l'J::D QuAN'l'l'l'IES. 

(a) Un·i·versal Comparator.-Tlte Comparator was 
installed a short time before the beginning of the year 
covered by this Report. Since then preliminary trials 
have been made which indicate that it is capable of 
giring the. high accuracy required in comparisons made 
with the Commonwealth standar ds of measurement. 
Several scales have been measured during the year, 
including three to be used as standards by the We.igbts 
aud 1\Ieasures D epartment, Victoria . Experience has 
shown that, in or der to attai11 the accuracy of which the 
comparator is capable, i t is necessary to measure the 
temperature of the line standard compared to about 
0.001 • 0. It is expected that this will be possible witl1 
tl1c platinum resistance thermome.ters recently made 
fo r tho coinpnrator by th e Di,·ision of Physics. A 
~ccond m etre and a second yHd sta11dard have been 
ordered from OYc1·scns for use as Commonwealth 
workiHg sta11dnnls of measurc.rnent. 

(b) 1Jii-idi11g Bugi·nes.- 1:\. 11recision linear dividi11g 
engine of 40-i.11. capacity has been installed in a cabinet 
the tcmpcrnturn of whicl1 is controlled by one of the 
proport.ioning con trollcrs made in the Di vision. Th :s 
m1ginc and the circular dividing engine previously 
iustalled ha,·e n!llde it possible to make up during the 
year rnrions scales, micrometer drums, special slide 
rules, g ra ticules, and surface texture standards. Ex
perience lws been gained in ruling very fine lines such 
ns, for example, line;; 0.0001 inch wide 011 unhardened 
steel and l ine~ 0.0002 i11ch wide on aluminized glass. 

( c) ({ coclelic Basc.-Thc component parts of tbe 
geodetic base \\·ere r eceived from overseas last year, and 
the. installation of the base is now nearing completion. 
With this installntion it ,,·ill ultimately be possible to 
cnl ibrnte sun·cying tapes ,dtb au accuracy of the order 
of one pal't iu a million. Tbis accuracy is r equired for 
t l1e lay ing down of base lines for trinngulation and for 
calibrating otlie.r t::ipes such as arc used by the various 
St11tc Lands Depar trnon ts for the calibration of sur
,·cyor's working tapes. All the component parts have 
bren placed in position duriug the year, a11<l much of 
the necessary a lign111e11t l1as bceJ1 done. The next 
operntion is the nlignment of the m icroscopes so that 
t he points on which they are focused l ie in the same 
s traight horizontal line to within ½ mm. O\'Cl' the. 50 m . 
length of the base. 

( cl) E-nd 8tandanls.-The normal prog rnmme fo r 
the maintenance of end standards bas l)een continued. 
Seve1·al interesting cases of se.cular change l1ave been 
obsened, including that of two refer ence end bars in 
\\'hicl1 tl1c1·r l1ns been not only a change in length and a 
ehangc in paralleli,:m of the end faces but also 11 
change in the dire<-tion of the departure from 
para1lelism. 

(c) Jlfcas11rc111enl fJf Uears wnd E:rnminalion of 
[,wrgc Gear JI obbinr1 Mach ines.-Furtl1er measure
ments were made on the gear of 12-ft. diameter hobbc>d 
at 1111 ordnance factory, nnd one of the mating pinions 
" ·as also c.xamined. As a result of experience gained 
during tl1ese tlYO prc,·ious examinations, several of t he 
large gear measuring instrnmcnts hRYe been modified. 
A prelimina ry inspection lrns been made of two other 
large go11r hobbing machines rcccntl,v in stalled. Th,· 
machines a re of a d:ifforcnt design from those previously 
cxamin.e.d, requiring nc11· equipment and different 
mothotls fo1· some of the test~. The ne,r equipme11t has 
bccu designed and is being made in the D ivisio11. 
Mntl1omnticnl i1westigations hare be.en made into the 
o-eornctricn 1 vroblem;; of measnrrment of gea rs aJ1<l 
~Nff-r•utting bobs. 
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(/) :lit Uaaginy.- TLroe types of ·air-gauging units 
1,n,·c 11 0 11· been installed and used for measurement, 
cxpc1·i111ontal work, and demonstration. 

(g) lnlerferometry.-The deYelopment of methods 
fu1· the standardization of le11gth, ang1e, and flatness by 
interforomct1·y has been continued. Associated witb 
this work have been studies in the field of multiple
bcm11 inter ferometry, awJ t lw. application of this 
subject to problems in tho structure of metal surfaces 
aud Lite mensn rcment of vibration. 

W urk on wa ve1ength standards is still delayed by the 
d ifficulty of obtaining from overse.as material for the 
cunstl'uction of instruments required in this work. 
Somccs of r ndiation made from the artificially pro
lluce<l isotope mercury 198 have been developed over
~l•f1s suiiicieutly in tl.1e last y.ear to allow issue of such 
sources in a practicable form to laboratories concerned 
ll'ith inrestigations, t bo ultimate aim of which is the 
,-~1 n blisl1111cut of the warcleugth of light as the funda-
111cu tal 1wit of lengtL . Such sources of radiation emit 
11·,m•lcngths of almost ideal purity for use as units of 
lc-ugtl1 and lamps are being obtained from the United 
K i ngdom a,1d the United States. Work on the waYe
lc,ngtlts en1ittcd lJ,Y th{'.SC sources will be done in co
operation \\'ith overseas standardizing labor atories. 

Eqnipmcnt for the evaporation and sputtering of 
11 igh reflecting films on glass su rfaces was received early 
in the year and has be.en used almost continuously for 
al l imestigations in interferometry and in the pro
duction of graticules for use in the Division. This 
l:'quipmcmt aud tlw photog1·apbic laboratory that was 
0 1·gauir.cd as a11 iutegral part of the Inter ferometry 
Sc.ctio11 hal'e been J11ajor factors in the successful 
dM·1,lop111cnt of a II j>l'Ojccts iu interferometry. 

( i) 'J'ransmission-lih.J 1llitltivle-beam Refiection 
t ,1/erfero111 e/-ry.-M.11lti ple-beam reflection interfe.rence 
fringes ll"itl1 trnnsmission-l ike charncteristics have some 
i111 port:rnt advantages o,·er uormal reflection fringes 
aHC1 hnvc been used with particular success in the work 
011 vibration mcasuremen t. .\. pa per is being published 
on the nature of these fringes, describing the theory of 
their origin and their cxperimcJ1tal production and use. 

(ii) ( 'a/.ibralion of Angle Ganges.-Tbe measure-
111cnt of angle to a high pl'ccision by inter ferometry 
l1as been repo1tcd iu a published paper. Experimental 
11 ol'k Ii a:; boen com plcted on the calibration of angle 
~urndarJs mid on the distor tion of the surfaces that 
occur~ when t hese standar ds a re used. This work will 
l1e the. subject of a secoud paper . 

(iii ) I J' a relenglh Inlerfercnneter.-Investigatious of 
11Jrthods of improving the preseut r outine standardiza
f ion of length on the " ·a,·elcngth iuter feromete.r ha1·0 
n:snl ted in the . successful clc1•elopmcnt of a photo
gn1 pliir· 111ethotl fo r ref'ording simultaneously the inter
ft.r{'.ntc· patter n.• in the red, green, blue, and -violet 
ra1l ia i-io11$ of cad111i11rn. This developmen t allows 
il'Hgt It dc>l·c-rminations Lo be wade with greater 
rl'li:ibil i ry :rn<l has tl1e additional in1por tant nclvantage 
d g-i1· i11g H pern1~111pnt rnco1·d of all observed inter
f(•.rrm·r effoc-ts. 

( i,· ) 1,-iisil'l's /11 l1•t[c,ro111"lcr.-.\ modified Kosters 
I ntl·rf,·rornetcr is all"ait i11g optical glass for prisms fo r 
1 hr 1i1onocl1ro111a tor aud \\"ill br used to determine 
l1' 11gl'lt~ n_p hi i:>00 11111 1. by intcrJcrome.try. 

( ,·) U11P-,11e/;·e Inl<'1·fer()1111'/a.- Material and optics 
ltal'l· hccn orde1·cd for the cou~ITnction of extensive 
int<'.tfcrn111c•t1·ic equip111e11t ll'l108c uhima te -pnrpose will 
h,• tl1c> ddcnninntion of the metre in terrus of the wnve
lt•ngtlt of light. The method is based on the use of 
Ti'abry-Perot i-r::flcction inter ference fringes over lar"'r 
cl is tnne;cs a n<l ronsidcrabk ll"ork has been rlone on thls 
aspect of the p roject. 
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( vi) Sttrface 'l'exl ure Slandards.-vVork !tas been 
completed on tlie absolute. calibration of glass surface 
texture standards by multiple-beam interferometry and 
a pa•per has been submitted for publication. 

(vii) Orn.t·iculcs.-Satisfactory grnticules are being 
produced by the ernporation of pure nickel on to glass 
surfaces. The method derclopeJ earlier within the 
Dirision fo llows a technique which consists of Jeposit
ing a layer of zinc by eraporation on to a glass surface, 
cutting lines to the desired pattern through this zi11C 
layer, using a dividing engine, and theu depositing 
by eYaporation a layer of nickel over the whole sur
face. By dissoh-iug the zinc layer clear, shat'p, and 
durable line.s of pure nickel arc left on the glass surface. 

(viii) Surface Slrnclure and Wringing Sl-rtdies.
As mentioned in the previous Report, consideration 
has been gin:u to the design of equipment f_or deter
minino· the magnitude of normal and tangential forces 

0 " (C • • ,, 

that act when metal surfaces are m wnngrng con-
tact. Expcri111ent11l prog,·ess has been delayed through 
lack of staff. 

(h) 11lemillremenl of 1Ji1,placement by Uaz;acily.
Dcvelopment. of an experimen tat ca pacitancp dis
placement meter ha8 reached an advanced stage and 
this equipment has been found to possess l1igh sensi
tivity and good stability. In order to test the opera
tional characteristics of tltis equipment experimental 
capacitiYc transducers Jiave been built to allow the 
following measurements to be made: periodic errors 
in lathes, in which a·pplication the enor curve is re
produced on the chart of a reC'order, the amplitude and 
frequency of rneclianical Yihl'Ut!ions, and indenter 
loads in hardness-testing machines. Encouraging 
resul ts ha\·e been obtained from each of these develop
ments and sufficient work has been clone to show that 
this displacement meter will proYe a versatile and 
useful instrnment. 

(·i) Lapping.-A tentatirn theory has been dereloped 
of the process of charging a lap,p ing pl ate and of the 
functioning of a la1J. The experimental testing of the 
theory requires the use of a \·ery accurately graded 
abrasirn material and 1111 clutriator has been designed 
which should give adequate r esolution of particle 
diameters in the size range 2-20 microns. 

T he lapping of thin speeimeus of material has 
always presented serious difficulties clue to buckling 
vf material as a result of the relea se of straiu iu the 
surface of the specimen. Tlie conditions necessary to 
·prevent buckling of tl,in specimens dnring lapping 
have been i1wcst.igatecl and a successful lapping t.eeh
nique has been developed. As a trial this technique 
was applied to t.he production of two batche.5 of slip 
gauges of nominal size 0.01 and 0.02 inch. The result 
was very successful aud yielded slip gauges of tl1e 
hio-hest quality in respeet of fl atness and parallelism 
ol'the rneasuriHg faces. An interesting feature of the 
technique is tba t the entire operat ion, including the 
fina l finish ing·, i.s 'performed by machine. 

Tn the prepar:1tioa of Hat lapped surfaces for use 
in interforomctr ic work one of the difficulties encoun
tered is the elimination of a small number of rela
tiYely ·coarse scratcl1cs which are present on lapped 
steel su rfacc~. These scr atches appear on lapped steel 
snrfaces despite the utmost care in tl,e preparation 
of the la•ps, a11d 1drntever abrasi\'e is used. It lrns been 
found that the .crntching is clue in some cases at lea.~t 
to the presence of hard pnrticles in the 1::tpping plate 
itself, This wa.~ sho,rn co11clusiYely by the fact t.hnt 
a freshly turned uncharged brass plate scratched 
the surface of a piece of ·hardened steel when the sm·
face,, were rnbbed together. Experiments are now 
heing mndP with the object of obtnining lappi11g pl ates 
which nre completely free from abr asiYe materinl a11d 

some impror<:nw11l lias been obtained in t.hc quality of 
tlic surfaces obtained on steel from experimental 
lapping plates. 

(j) JJhotoummme/,ry.-TLe nuruber of requc.:;t~ fo1· 
c11li bratioJI of aerial survey cameras and assoeiatecl 
cqui1rn1e11t is inereasiug and fi~cd equip_men t for this 
work has hel'n designed and will be built as soon as 
possiblr. Tlie pro\·ision of tliis equiprucnt will also 
ni11 ke possible tlte i 11 rnstiga tion of sereral problems 
which La1·e arisen in the course of camera calibration. 

(l~ J ilfochine Toolb.-A comparatively large numbt:1· 
of Jut.hes has l,cm, cxarnined during the year for the 
Departn1\'nt of Customs and a.ssistauce has been given 
to ~er ernl indu,;trial organizations in the setting up and 
alig111nent of lathes and other macl1 ine tools. Work 
ha,; ~Pen done ou the developrnent of a speedy method 
for determining enors in lead .screws of machine tools. 

(I) G'olibra liun und C:on1,ul/cdive Se1·v,ices.-The 
c:alil,ration u11cl Ponsultatire ser\' ices to industry ha1·e 
Leen maintained during the year as set out below :-

(i) Jten.1s tested hare included sets of slip gauges, 
end bars, and other working standards of 
industry, limit gauges, measuring instru
me11ts and cq11ipment, samples of surface 
finish, and a Yal'ict,r of other items ranging 
from surrnyors' lcYelling sta ,·es to com
ponents of sc:eut -sprays. 

(ii) _\ ch·icc lllls Leeu giYen to industry ou equip
ment and tcclmiques of mensurnment and 
on the setting up of stan<lanls i·ooms. 

( iii) 1\ pamphlet lta,; been prepared describing the 
types of tei:;ts arailable at tl1e National 
Standards Laborn tory nnd fees charged for 
gaug-c t·eRtiug and c,1librntion of mcasuri11g 
apparatus. 

(iv) S ix laLoratorics lta1·e been inspected by an 
oflkcr of the Division as one of two 
assPssors for the :.\fotrology Registration 
,\ ddsory C'ornmittee of the National Asso
C'iati011 of T esting· Au tboritie.s. 

(v) ThrPc rourses in n{etrology are being given 
by nn officer of the Division a t the Sydney 
Tcclrnical College. 

3. }.{Ass ,\Nu V ot.ui\rn. 

(a) l'erifi,·al-ion uf Sfo11clards of Mciss,-The reYeri
fic-ntio11 of thr laborntory metric standards of mass 
which wa.5 commenced in May, 1950, has been com
pleted. Thf' results ~how that since the pr evious inter
<·ornvarisou in 1048 the ,·a lucs of all the more 
irnporta n t stnndar ds hm-e remained constant to within 
lwo •parts in 10,000,000. A satisfactor y featul'c of the 
rrsnlts 1rn~ the high _degree of stability exhibited by 
fonr cxpr r1mrntf1l we1~·hts made in the htlioratory in 
]!).1-7 from 2:5/ 20 stainless steel. The changes in 
tlte r alne6 of any of these weights in three years 
'.1111otrn t~ to less tlt1111 th rec parts in 10,000,000. A.11 
11ttere,.tmg feature of the results is t he behaviour of 
fire \\'eigl,ts made from 11ickcl chromium alloy. Two 
of these \\'eights which were r eceived in 1944 haYe 
Rho\\'11 i.ncgula_r ch11ng~s in mass up to six parts in 
10,000,000 clunng the six years they have been in use, 
Thr rrnrnininp: tlHee "·rights, which were received rn 
1948, hare ~ho\\'n 110 si_gnificant cl1ange in mass m 
lll'o year~. The . tan dards of mass of the Stale of 
Viel'oria \\'ere 1·er, 1·ified during the year. 

(Ii) Jia1111fact.ure of Slnndards of 1llass.-The manu
fartme hns been commenred of tl1e standards of mass 
r equi red to fulfil Ata tutory obligations. The machining 
01wr ntion,,_ for tl, e. metric- ,,_eries lrn,·e be.en completed 
and equipment for adiusting tlie weights is in process 
of mm1ufartnrc. 
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l C) JJalanc«;.~.-ln the cour se of t he intercom
parison of the Rta11dards of mass it was found that the 
readings of two of the Lalnnces we1·e varying in an 
erratic rnauner which preven ted the attain ment of the 
requ ired degree of accuracy in tbe compar isons. The 
cause of th is trouble was traced in eacL case to the 
stinup bearing planes, which liacl distorted in their 
mounts aud dep a1·ted from trne flatness b_y about 2 
micro11s. T lie pfoncs were reset in their mou nts so that 
they were flat to withill 0.5 rnicron. l u eacl1 case 
the perfornrnnce of the balmwe \\":l.S irn proved suffi
ciently to permit the compa risons to be 111ado to the 
required degr ee of accu racy. 

This finding shows t,l1e neeJ for bea ring sur faces of 
the highest quality in balances used for p recise analyti
cal work, par ticularly in rnicrobalances whicl1 ar e used 
for the measu rement of very small differences in mass 
with r elat.ively lnrge tar e weight.s. 

(d) Capnc:ify 8/onclarc/1; nncl Mea.snre-menl of 
Volwne.-Tlie stand ards of ca]Jacity of the State of 
Victo1·ia were cal ibr ated during the year . 

(e) Calibralion (/ltd Cow,11lla/.ive 8eroice.-Tltc 
quantity of tc.;;t work has shown a slight increase over 
tbe prc1·ious year. Items submitted for calibration 
included labora tory weights, balances, Yolumetric 
glasswa re of the more stamlarcl type, special volumetric 
apparatus, hydrometers, bar ometers, and altitude 
recorder s. Advice has been given t o ou tside organi
zatious 011 the p r od udion of ·h igl1-gradc weigilits, 
adjustrnc11t of ba lances, and design of specia l volume
mea.-;uriug equ ipment. 

4. W .I T("JI H.I T J NG. 

T he 11011-clcli1·ery of oYcrscas cquipn1eut lias •prc
Yen ted mnch •pmgrc,ss d uring the past year. Advice 
has been rcr-ei1·ed tlrnt t l1c National Physical Labora
tory is no longer using the K t·11· A test.~ on precision 
watches a11d p rovision is being made in tlte Division 
to test 1m tchcs al ong thu lines rccom111e11dcd by the 
I11tcl'llatio11al Cornmi.ssion for llie Co-ordination of the 
·work of l'hronometric Ohsen·ator ics. 

J . ~\PPL LEn nt1E<"IIANICS. 

.'l. n impor tant continuous function b as bceu fulfilled 
in the exam ination a nd verifica tio11 of mater ials testing 
machines a11d i11stnm1e11ts used in the cngi11eering and 
a ll ied ind ustries. Jmpro,·emen t in the faci lities for 
this woi-k l1as c011ti11ucd, par ticularly iu the design and 
constrnction of e(]u ipmcnt for the precise measure
ment. of force, pressure, n11gula1· speed, :-tra in, nnd 
hardness. 

In order to rncct th(' demaud fo r nssistance in the 
solu t ion of p roblems in 1·ihration isolation, which 
usually i 11 rnl vc the measu rem en t of small vibr a tory 
d isturbance,,, atl"en t ion has been gi,'.en to the general 
prol,lem of fl1e i~olation of sen~itiYe apparatus from th e 
effects of 1·ib1·ation . Specinl rihromcter s a re being 
developrd fo1· the rneasurerne11t of very small vibrations. 

(Cl) l'arificalfrm of illalerials 7'est·ing 1lfachines and 
Equi7mwnt for ! 11cl·11slr.l/.-1'faterials testing rnachi11es 
and cquipmeut lrn.n' bePn examined in test h ou ses 
at the main industrial c0ntres in New Sou th Wales 
and Q ueensland on helm lf of the Ser vices J nspection 
A.uthori t ic$ 01· at th e request of p riYatc fi rms. A 
signifir ant. in crra~e iu t-liis ('lns.s of work has been due 
to laborator ies seeking rrgistrnt.ion with the National 
Associntion of Testing i\ut.ho1·ities, on wl10s0 beh alf 
the equipme11t of sc1·e1·al laborn.tor ies has been 
examined. I nstruments r eceived for examiuation from 
p rivate firms, :r0Yernmp11t. depnrtments, a nd the serviceR 
have in clu ded pr essure g-augcs and pressure-gauge 
tester.~, t:ic110mcters, por t·:ible h ardness-testing instru
ments rubber durometers, diamond in de11ters, and 
test biocks for lrnrd ness-test.i11g marhi11es. 

( b) .Veve lo p11u:nl uf 1"aci/,il-ie1; for lJeterm-ir,:ing 
JJeri·Ped (juanlilies.-(i) 1"orce.-The p r oving r ings 
used for the calihration of testing mac-hines must be 
calibrated to a suitably h igh order o-f accuracy. Nego
tiation~ a re still p r oceeding for the construction and 
installation of a 50-t.on dead-weight testing machine 
especially designed for th is class of work . A. proviug 
ri 11~ of con vcn tiona I design for a capacity of .3,000 
I b. has been constrnc:ted in the Di vision . 

( ii) Pre.iSttre.-In the p iston type of p ressu-re-gauge 
te~ter at presen t generally in use, the accmacy of 
<:alibrntion is limited by the nbili ty to determine tbe 
bore of the £_Ylincler. T his bore in h igh-pressure testers 
may be as small as i inch in diameter and several inches 
deep and is not readily accessible for measurement. .A 
pistou type of presst!re-gauge tester especiaJly arranged 
to faci li tate the cylinder bore determination has been 
designed and constructed an d is r eceiving final adjust-
111cnts. T l1c installation of apparatus for the cali
l,n11iou of low p re5sure an<l w1c11um gauges in the range 
± :JO inches mercury h as been commenc-ed. 

(iii ) Jln_gular Speed.-..lppa,ratus for the calibrat1oll 
of tachometers, wl1ich has been under de,elopment 
fo 1· some year s, has been modified and installed as a 
nnit of permanent equipment. A paper describing th e 
.otrobos~upi?. tcclmiques ana the tacl1oroeter calibrator 
lias been prep a red for publication. 

(ir) 8/rci;s and Struin.-Wire resistan ce str ain 
gauges have been found useful in cer tain devices for 
fo rce-measurement. The calibrating apparatus for 
these gau ges 'has been modifi.e<l in design to give 
in1p rornd accuracy. 'I n vestigation o-f some p r oblems 
requ iring st1·ess an alysis will be assisted by model 
tests u.oing the techniques of ph otoelastici ty. Apparu
tll$ desiguNl by the Aeronautical Research Lal,oratories 
and co11structed conjoin tly with th e D i vision bas bceii 
inst.1 lled on concr ete foundation s and is now being 
a clj usted . Certain optical components are awai ted . 

(v) Iiurdne:,s.--It is co111mon p ractice in industry to 
("hrck the bch,l\·iour of hardness-testing machines by the 
11~r of tl's t blocks of known hardness. S uch blocks must 
he checked o·n a machine wh ose performance is know11 
1'o a high :ir•curnry. Thf' construrtion of such a maehin i• 
bas been commenced. It will be capable of making 
indentation har dn ess t ests by dead load, and will beroroc 
t he rc>for<'n<·e machine for all hardness testing within i ts 
capacity. 

( r i) F erificat-ion of H ardness-testin_q 111 achines.-1'., 
1·erify a har dness-testing machine it is necessary to 
exa1n i11c geometrical factors such as indenter shape, 
drpth of penetration, &c., a n d also to detei·minc the 
trne Yalue of the force applied to the indenter. ~\tten
tion haf; been given to t wo methods of verifying in sil ll 
t lie depth-indicating eleme11t of a R ockwell hardness
w·ting machine, one metho-d employii1g a v ibr ating 
reed and slip p;auges, the other involving the use of an 
optical comparntor. Fmther work has been done 011 
the den.>lopmen t of methods for measuri11g th e indentr.1· 
load. A m i11iature pr oving r ing, one inch in diameter, 
c·111plo_yin~ wire r esistance stra in gauges has been 
designed and constmcted and is now being caliLrated. 
,\ n indenter-load measuring <leYice employing the el~c
tr ical-capacit-ance-change method ·of detection has been 
designed and a fi rst ,experimental u n it constru ct ed. 
P rC'lim inary tests sh ow the method to be .-ery pro·mising. 

(c) T'171•ral-ion a1id N oise.- T wo methocls capable of 
determining ,·ibr atory movements of the order of 
one-millionth of nn inch a re being invest igated. Thi~ 
is pnr t of a liro:ider investigation of tbe p r oblem of 
the if;o]ation of Yer_y sensitiYe measuring apparatu~ 
from the effects of small vibration s, such as occur in 
buildings. One method employs interferometric tech
n iq ue, th e other depends upon eleet1·ical-capncit,ance
ch a11~e. T h e interferometric meth od offers an 



attractive means for the absolute calibrntion of sensitive 
vibrometers. Two experimental capacitance-typ': 
vibrometer s have been designed and constructed, om, 
for detection of vertical, the other for horizontal 
l"ihration. Both units are undergoing t rials. Tl1c 
extent of -ea rth-hom e vibration duo to traific, machinery, 
&c., i$ an impo1·ta11t factor in the study of ;-ibnltiou 
isolation. The horizontal unit has been used iu pr<!
liminary measuremen ts of earth-borne vibrn tion in tht 
field outside the laboratorv, the overall magnificntioa 
011 a film .record of the waveform being about 1,000,00u. 
.l!'urther work has been done on the National Standards 
Labora tory electromagnetic vibration pick-ups. 

In the earl_y part of 1951 an urgent request wa~ 
receiYed for assistance in determining the charac 
teristics of a defect which was thought to be in the 
Jrea-ring of the main tmbo-blowers of two· new boilers 
installed in one of the Sydney generating stations. This 
assistanoc was sought so that reliable information 
could be fol"warded to tho oveneas manufacturer of t he 
equ ipment. It involved tracing the causes of severe 
noise vibrations and the measurement of their fre
<1uency. The predominant noise vibration was traced 
to the blades of the blower fan. 

This noise analysis and another in response to ti 

tequest from private industry were carried out with 
impr ovised· equipmen t, and while successful in these 
instances, the methoJ employed would not necessarily 
be satisfactory in other cases. As a r esult of expe._ri~nce 
gained, consideration has been given to the preliminar,y 
design of an instrume11.t to enable the frequency anci 
amplitude of n oise vibrations to be m easured and 
it is hoped to cany out some experiment.al work on thi!l 
project i JJ the near future. 

(d.) lnforowlion and Assistance lo l11cluslr_1J and 
IJt/u•r Orga111·:wfion<)'.-I11formation has been given on 
snch subjects ns the measuremt'nt of stre3scs in the 
column.1 of an h_yd rn11lic p ress, the clcsign of pressure 
gauge testors, the measurement of horse-power, anguhl' 
speed, and harrlness, vibratiou measurement, and 1sola
tio·11 an<.l specifications for hardness testing, verification 
of testing machines, and the verification of provi11g 
clel"ices. Assistance has been given to industry j n 
(•nscs snch as the following:-

( i) Load-elongation tests on samples of filament 
wire for incandescent lamps. 

(ii ) Strain iu a pressure vessel under hydraul ic 
loa d. 

(iii) D etecting motion in muscle tissue. 
(iv) Vibration frequency mcasur,ements iu a gea1· 

pump. 
l v) Amplitude and frequency o{ vibrations of a 

wing section. 

L-X:IV. PHYSICS. 

1 . G ENER-',L. 

Division of Physics.-The Division of Physics, one 
of the thr ee J livisions which constitute the National 
Standards Laboratory, maintains the Commonwealth 
standards of measuremen t of heat and light and 
nssociated quantities, and the primary electrical 
standards. It is engaged 11 lso in r esear ch designed to 
improYe the accuracy of the methods of maintenanc:e 
of st.nndarcls, and to increase the accur aey of measure
ment, and in rrsear ch of a more fundamental 1rnturn 
snc-h as tbc clctern1 in ntio11 of propert ies of materials 
at extr emely l ow temperatur es and tbe study of t he 
physical processes associa tcd with tl1e emission of 
rnd iation from the Sun. 

During the past year mnch nssistanre lJlls been givm1 
to industry and to other Divisions of the Organization 
on specia'l problems, particularly in photometry, opticq, 
pyrometr.v, and heat. Examples of scientific apparatus 
designed and constructed in thr LA borfl tory to meet 
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special problems iu industr_y or iu scientific research 
were shown at an exhibition of physical apparatus held 
in the Univer si ty of Melbour ne in February,_ 1951. 

Officers of the Division have taken a promrnent pan 
ill the work of the Advisory Committees of the N ationaL 
_i..,;sociation of Testing Authorities a nd in the work of 
tl.te l i1temational Commission on Illumination. A11 
otiicer of the Di vision will lead the Australi an delega
Lion at the Twelfth General Conference of this Oom

·111 ission, which will bo held in Stockholm in June-July 
I 051, and another member of the D i vision r epresent~ 
.\ustralia on a committee appointed b_y the Inter • 
national Orga11izatio11 for Stan<l arJiztttion to consider 
~tandards in therJIJometry. 

With the establishment of sections of the Organiza
tion i11 Sydney, Melbourne, and Geelong for r esear ch 
on wool and textiles, the work in fl.ie Divisi on on tlHJ 
physical properties of wool fibres was brought to 11 
close. Tlte basic equipment constrnctcd for these 
illrestigations is being transfened to other laboratories 
of the Organization. 

2. HEAT. 

ils iu pr evious years, much of the work of th1,, 
~cction is the mai11tenance of the standards for which 
i t i s responsible and the calibration of instrumentr, 
and equipment in terms of tµcsc standards. :MosL 
impor tant of the standards ia that of temperatur e, 
and furthcl' i tnp1·ovcrncnts have been made in the 
facilities for the maintenance of the International 
Temperatur e Scale and the methods of caliLrntio1, . 
'l'be Sec:tion is in close contact with rnally industrial 
and scientific groups and advice aud assistance an: 
girnu iu the solution of pr oblems in temperaturt: 
1neasur ement, heat transfer, viscosity, humidity 
measmement, and similar fields. 

Besides the maintenance of stau<lal·ds and the asso
ciated work of testing and ~alibra.tion, the Di vision 
i., engaged in a number of fields of r esearch of a mori: 
fundamental natul'e which a re described below. 

The work of the D ivision of P hysics 011 precipitation 
is descri bed in Chapter XXVII., Section 8 (d) . 

(a) Jlea,)'u.rement and C:u ,ilrol of 'l'emveratiire.
'l'hc rnngc of temperatures which can be meal:>ure<l 
ill the Laboratory c;,,,'tcnds from a few degrees abo,e 
n bsol ute zero ( -273 ° 0 .) to over 2,300° 0 . For t h,: 
greate1· part of this ra11ge temperntures arc exvressed 
in terms of the Intcmationa.l 'Temperature Scale of· 
1D48, a scale adopted by international agreement and 
designed to pro\·ide an unambiguous, convenient, and 
accurately reproducible means of measuring tem
perature~. Belo\1, - J 88° 0 . temperatur es are expressed 
in the thermodynamic scale, on whi ch the I nternational 
Scale is i tself based. . 

The I11tern11.tional Te111perature Scale was t·ecentlv 
reyised and the Laboratory has now completed th~ 
changes made necessary by the adoption of the new 
seale. At the same time improvements are being made 
to the facili ties fo r the establishment and mai ntenanc~ 
of both the thermodynamic and Internatio1rnl scales 
and fo r t he calibration of temperature-measuring 
equipment in terms of these, with tbe pmpose of 
further improving the case and accuracy with whieh 
:ueasurements . can be made. Such improvement~ 
rnclude work rn all tl1ree of the temperature intervah 
i.11to wl~ich the Intrrn~tioual Scale may be divided, 
ior _which f·he measmmg techniques prescribed an, 
1rith r esistance . thermometers, thermocouple pyro
mctrrs, and opt1c11.l pyrometers. Gas and vapour 
prrssurc thermometers are used for temperature 
meAstn e111ents below -188° 0 . 

The most ~om~only us_cd device for temperature 
mcasur~men~ 111 mdustr_y 1s the thermocouple, which 
may .grvc nse to erroneous r esult s due to iuhomo• 
gl'neities of eithe1· a chemical or a pl1ysical nature 
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111 the wires com prising it. Considerable progn:~~ 
has been made in an expcrimen_tal investi~ation. of the 
causes of these effects and theu· correlation with the 
electrica 1 properties of solids. 

As in previous years, many calls have bee~1 m~dt 
on the services of the Laboratory for the cahbrat1011 
of equipment for tl1e rneasmcment or contl'OI of tern· 
pera t.ure, the c:l1ecking of industr ial pyrometric 
installations, and the rendering of assistance on special 
problems in the field of temperature measurement. 
Problems on which advice or a~sistan ce Jias been 
rendered inclncle the measurement of temperatm·c in 
brick kilns and in n rapidly moving gas stream, 
technique~ for t.he calibration of thermocouples and 
thcrmomcto1·s nn<l for tl1c mensurcment of the freezi nr, 
1,oi11t of 111ilk. p1·ePisc temperntu1·e con trol at botl1 higl1 
a11tl low tcn1pcrnt1nrs, a11cl tl,c measu1·ernent of tlw • 
C'ITOl', of tliPnnocouples dne to lc-nd conduction. 

,\ course of training iu temperature measurcmeut 
given dnri11g the year proved ver,r popular with per.,;om 
c·oncel'lletl 11·ith this work in inch1stry and will, it. is 
ho1;ed, .Jwlp rnatc-rially to improve the >'tandarcl nf 
1,yrometry in industry. 

(b) IIJ1,qromelry ancl Phase }"1tclca.lio11 of IVatcr.-· 
.\.lthoup;l1 the problem of cxplainiug the mcclrnnism 
of tltP forrnat;ion of watc1· drops from cle.'.ln vapour wa, 
solYed somr yen rs ago, the similar prnblcm of the 
i11itintio11 of freezing i11 supercooled water drnps i~ 
still 011Mnnding. This aspect of plrnsc nuelention i, 
of e~pc-einl importm1cc in meteorology, and experiment~ 
on the snpcrcooliug 1111d freez ing of 1n1ter under rarc
fnll.r eontrollcd conditions m·c in progres;;. 

The Labo1·ato1·y ]111s, clurinp: the year, been called 
on to do little work in the field of humidity mcasun-· 
mcut and ronh'ol, although adrire on humidity prob
lems has frequently hccn given. J special" propor
tioning vahe with ,d1ich it will be possible to establish 
relativc- humidities in steps of 5 per cent. from O tu 
100 per cc-nt. in a moving ail' sti-eam has been designed 
aucl construc-tr>d. Attention is bci1ig given to I lie 
developrnrnt ·of an autonrntie dew point hygrometer, 
similar to one which has hecn used succcssfnlly in the 
Laborator.,· for several years, hnt with a very much 
shorter time const:111 t. Rnch nn instrument would be 
of co11.~i<lr1·1"1ble valur for thc- measnrc-mrnt anrl record
ing of rapirll,v vn1·,'l'i11g lrnmiditic-s. 

(c) ]/('(I/ Tm11.~fe1·.-i\lt.hough 1·011tinc mc-a~11re
ments of tl1c t·liprm1il concl ncti,·itics of materials are 
not 11nclt-rtnkcn hy the Laboratory, considerabk 
exporienre has aceumnlaled on heat transfer problems 
and equipment for thermal conductivity measurements 
l1as been clcsigued and constrncl'ecl. One such appara
tus, a 12-in. gnarclccl plate type, has now been tra1rn
ferred t.o the Divi~ion of Building Hesca rch fo1· 
measmrmrnts on i11s11lati111; materials, anrl anange
ments haw been ma<lP to lend :i smaller, similllr 
nppamtus to tl1c' GeophysiPal Depa r tment of the 
National Univel'sitv for mcns111·011te11ts 011 the thermnl 
conducti vi tie~ of r

0

ocks. Somc- of the sn bst.anccs for 
which ndvire on thc- measurement of h f>nt transfer 
coefficic-nts has been ;:.ougl,t cluri.np; the year havr been 
. ~team pipr l11p;p;inp: ( in sih,.), hiµ:h tempcrntnre 
rrfrnctoric-~. the humn11 Pl1rc-k, nncl wool flrcrr;:.. 

(rl) Prcci7)i/ofin11.-Studics 11ssociate<l with the work 
of the Dirisi011 of Iladiophysics on the p1·occsscs of 
the nnturnl formation and the artificial production 
of precipitation h avr been continued. The work on 
m1turnl rain fornrntion has comprised measurements 
of tl1e te111pel'At,11re;; of freezi11g of wnter d1·oplets of 
,·arions sir.es, imd of the colli;:.ion cross-section of 
water drops to mist droplets relative to which they 
nre moving. Art.i:ficinl prcci1)itatiou ;:.tudics liave in
eluded rnensmcmcnt~ on ice erystnl formation in clouds 
of snprrcooled wate1· droplets by locnl rooling 1rnd liy 

inoculation with various substances. A more detailed 
account of the investigations is given in Chapter 
XXVII., Section S (cl) . 

( c) Low-fcmpcrat11re Physics, Expe1·imental Re
-~cai·ch.-Temperaturcs of the order of 20° K. 
(-253° 0.) have been attained with the cryostat and 
liquefier which have heen constructed in the Laboratory 
a~ the bnsic equipment fo 1· this projert, but the efficiency 
of the plant at this temperature was not sufficient to 
make cffc-ctive the tl1 ird or flno.1 stage of refrigeratiou 
jn f·hc unit, witl1 the airl of which the temperature 
11ccessa i·y for the liquefaction of helinm will be 
attained. Modifications to improYe th is efficicnc_y will 
sl1or tly be tested. 

Conclll'rently with tLe work on the main cryostat 
n nd l iqnefier, preparations have been made for the 
rrscarC'li for which the plant will be used. The 
initial im·e., tigatio11s will be concerned with measure
ments of thermal and electrical conductivities and 
snccific beats. It is proposed to give early attention 
to tests of conclusions drawn from theo1·ics iu the field 
of electrical and thermal conduction developed in the 
Section. Cryostats foi· uso in co1111exion with the 
mcasm cments with which it is hoped to test conclusions 
from these tlrnories have been constructed and arc at 
present being set up 1ritl1 tlwir a~sociRtP<l mc-asnring 
<"qnipment. 

For the detection of gas leaks the 11111$S i:11ectrometer 
leak-detector bas now heen made into a self-contained, 
transportable unit. A controlled leak w11icl1 has !I 
hclinm leak rate of 10..s ee/~ec. lrns been constructed 
for 1:hc- routine checking of the sensitivi ty of the unit. 
.\t fnll sensitivity tlrn unit will just 1·eact to the helium 
which is present in the atmosphere to tl1e extent of 
.J. parts i n a million. 

Thr cxperieuce of the group in vacuum work i.11 
~cnernl is now such that its advice 1111s frequently 
been sought by other bodies on vacuum 1)1·oblems and 
numerous requests havo been roceivc-d for rletails of 
~pccial equipment designed hy the Sect.inn. 

(f) l,ow-/;empemture Ph11sics. Theoretical Research. 
- I n recent years co11siderablc progress has been made 
in extendiup; the quantum mechanical theor:v of atomic 
processrs to exnlain the proper ties of matter in the 
~olirl and liquid statPs. Particularly important from 
the point of view of physical theory are t:hc proper ties 
of solids a t ve1·.v low temperatures. 

( i) ElN:I rical Conducl i1,ify.-It has been found thnt 
the usual theory of electr ical conductivity is not valid 
at extremely low temperntnrC's and an alternative 
1·lrnory has been aclvancccl wbicl1 c-xp1ains an anomaly 
in tl1c C'omlnctivity of some metals at very low 
tf>rn pern tu res. 

It had previonsl_y been tl1ou1;bt that in co11seqnence 
of a conservation thcorem in tho theory of solids there 
should be a marked deviation of the electrical conclue
t i,·ity from the ordi1iary theor.v below 50° I{. This 
effect is known to be absent. It bas been possible to 
show by a more detailed theoreticn.l investi~ation made 
in · tllC' Division that tl1ese deviations should be small 
:md !<houlcl occur only in a small temperature interval 
nt about 10° K . 

(ii) Thermal Conductivity of Semi-conductors.
Sonic p.rogress has been made in extending the theory 
of tl1e thermal cond11ctio11 of insulators to include ~emi
roncluctors, that is, to those solids with proper ties inter
mrdinte between mrt11ls and insulato1·s. 

3. LIGHT. 

The work on the Light Section is iu three main fields: 
photometry, optics, and solar pllysics. 

fo) Photomotry.- ( i) T ests and Oaiibra.tions.-The 
bulk of the test and calibration work for indu~tr:v 
rnrried out in tlie Light Secition has been photometric 
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nud has been m uch g reater in amount than iu µrevious 
years. The Laboratory's facilities for the standardiza
tion of photometers have been widely drawn upon by 
Government and imlustrial laboratories, aud many 
hospitals and pathologists throughout Australia and 
New Zealand have taken advantage of the Laboratory's 
nn11ngements for the calibration of haemoglobinometers 
in the Laborator.v or the despatch Ly air of blood 
samples standardized for haemoglobin content and 
suitable for the calibration of haemoglobinometers. In 
nll branches of photometry there has been a coutinuou~ 
demand for the Laboratory's services. 

(ii) Photometric Standa·rds.-Investigations have 
been m ade on the defects in incandescent lamps for use 
as photometric standards, and discussions are proceed
ing with the manufacturers with a v iew to the removal 
of some of the defects. 

The accm ate calibration of fluorescent lamps is beset 
with difficnlty owing to their shape and their spectral 
charncteristics and work is in p rogress to establish a 
g1·oup of substandard fluorescent lamps measured in 
tc11r1s of the caude]a. The mea,surements will be made 
1rith tl1e photoelectr ic photometer developed in the 
Section and described in last year's R eport . The spec
tral response of this instrument bas now been adjusted 
so that it agrees closely with the visual characteristics 
of the standard observer adopted by the International 
Commission on Illumfoation. 

(iii) 8pectro7Jhotomelry.-Because of the need to 
assess ligh t in terms of the spectral luminosity of 
radiation, spectrophotometry is basic to a photometric 
laboratory. To establish a sound foundation for t his 
wol"k, a precision spectrophotometer of high transmis
sion is being comtrncted in the Laboratory's workshops. 
This is being fitted with polarization photometers, plans 
for which are well advanced. P lans are also under 
way for improving the accuracy of the General Electric 
recording spectrophotometer and fitting it with means 
fol' the absolute calibration of its scale, and for adapting 
it to the r ecording of spectral energy distributions of 
ligh t somces. 

To extend the Division's facilities beyond tlle visual 
spectral range, a Beckman spectro1lhotometer is now 
being used in the ultra-violet range down to 2000A 
For measurements in the infra-red the Perkin Elmer 
infra-red spectrophotometer of the Division of F ood 
Preservation, which will be used in the Section, will be 
available. q 

(iv) Shorf-periocl Tmnsicmts.-In order to investi
gate certa in problems of a fundamental nature con
cerning radiation processes, it is necessary to be able, 
to measure intensity clinngcs in phenomena which last 
for times of the order of 10- s sec. Electronic equip
ment is being constructed for this purpose. 

(b) 07Jtics.-(i) Beflcct·in,q MZ:c1·oscopcs.-Tbere has 
been continued interest here and elsewhere in the 
development of reflecting microscope objectives, both 
because of their applicability o,·er wide spertrn 1 rnnges 
and because of their long working distance. 

The Division has concentrated on developing objec
fo,es using spherical surfaces, and during the past year 
bas introduced for ultraviolet use objectives incorporat
ing non-refracting f used-quartz immersion lenses, the 
effect of which is to increase the resolving power by 
50 per cent. The supply of fused quartz of optical 
quality is acutely short, however, and ha,s been sufficient 
for only two pairs of condenser and objective. Non
immersion obj ectives of N.A. 0.72, focal l ength 5 mm., 
and central obstruction ratio 0.44 have been -developed 
specially for use in infra-red microspectrophotometry, 
while an objective of N.A. 0.45, focal length 0.89 in., 
centra 1 obstruction ratio 0.42, and of long working 
distance 1.78 in., is being made for observation of metal 
surfa ces at high temperature. 

Tl1eEe objectives all jncoq?orate _t,~o con_centric 
spherical reflectors. While s_t1ll ret~tin113:g thi~ ~on
centric condition and thus havrng a wide field of view, 
tltc central obstrnction can be reduced to a harmless 
amou nt by introducing a t-hi rd spherical minor, and 
an objective based on this principle is at present being 
made, haviug 1-LA. 0.8S, foc11l length :, 111111., and central 
obstrnction r atio 0.33. 

An ultraviolet mic1·ospcctromt:ter incorporating a 
fused-quartz imrnersion-lens r eflecting ~bjective has 
been designed for the Me:Master Animal Health 
Laboratory. It bas been constructed partly by the 
Di,·ision 'and par tly by tlte Organization's central 
workshops, and is 11t pl'rscn t in t he process of assembly 
and ad:j ust-ment. 

• ( ii) Optical Properties of 'l'hin lllelallic Films.
T n \'Cstiga t ions of tbe reflection and transmission of light 
by thin met;al lic fi lms and the associated colour effects 
haYc been made, taking multiple 1·eflections in to accotmt. 
The study will include the question of the phase change 
of the r eflected and transmitted beams and the r esults 
sliould 11pply to any fo l'm of cleetromagnrtic radiation 
inc·idci11t normall_y on an isotropic absorbing lamina. 
Experiments to verify the theoretical calculations are 
proceeding hotb by photometric anil by multiple-beam 
in tcrfo1·cnce metl1ods. 

( c) Solar Physics.-Thc work of the Division on 
solar physics is desrriberl in Chapter :XXVIII., 
Section 4. 

-!. Er.EC"rlHC".\ l. STANDA1rn,;. 
The basic electrical standards of rnltage and resis

tance are maintained by the Laboratory by means of 
standard. cells and resistances ·which are compared 
from time to time with the corresponding standards 
maintaii1ed at the National Physical Laboratory of 
Gi·cat Britain. Sets of both cells and resistances have 
been recalihratccl in this way during the year. Frequent 
intercomparisons ar e necessary since both cel1s and 
resistances change with time. An analysis has been 
made of the methods of inter-comparison and of the 
p.roceclures for . deriYi11p; the accm·acy wi.th wl1ich the 
vnlnes of the standards are lrnown. 

XXV. ELECTR,OTECHNOLOGY. 

1. Gm,r.RAT,. 
Tlrn electrical r esearch of the Organization is under

taken within Hes Division of E lectrotechnology. The 
Organization is also collahornti11g ,ritl1 the Electricity 
Supply Association of Anstralia in encouraging elec
trical research within the Uniwrsitics through its 
F.lcct r ica 1 Research B oard. 

The Division of Electrotcchnology, which forms par t 
of the National Standards Laboratory, is r esponsible 
fo1· maintainiug the Commo11wealth standards of 
measurement of electrical units otbc1· than the primary 
~tandards-thc Yolt and the ohm. In arlditiou to its 
research on electrical mea.qm ements and standards, the 
Division is imestigating tl1c properties of dielectric 
'nrnterials. 

T~1c "'?r k of _thP Division dnriug the past year is 
outlmed rn Sectious 2-7 lielow. The nctivitirs of the 
Elcctrira l R r.~earch Boal'd for m the subject of Section 8. 

~fom bcrs of thr ~t.aff of the D ivision have con
timwd to serve ou achisory aud terhnical committee., 
of both t.he National :\ ssociation of Testino- Authori ties 
'lnd tlic Standards 1\ ssoriation of Aust~alia. Also 
tcclmica 1 ad vice on both e lertrira l am] rhemica1 
problems has been gwen to many inquirers from 
mdustry. 
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'rlio <lema nrl fol' culil,ration and nioasuroments from 
industrial and other laboratories of Uni\·ersities, Go
vernment. organizations, and public utili ties has con
tinued to gl'ow. Duri11g the past year the Division 
issued 122 test reports, an increase of 83 per cent. OYer 
the numbl'r issuer] the prc\·ious yc:H. 

2. DrnEr"l' CunnF.:--T. 

Owing to increased rlcnrnnds for tcsls th e stuff of 
tho dircc:t onl'l'ent section l1ave hoc:-n eng11ged almost 
completely on mainta ining standards nnd c:alibrating 
measuring eqnipment. IIowovor, some "'·ork has . been 
done to obtain a more <lctailecl knowlodgl' of the short
lwm stability of the Di1·ision's ~tandard r esistors. 

An improved technique has been developed for apply
ino- COl'l'Cetions to a rlc<·ade Witca ts tone bridge used 
fo~ resistance 111ensu1·e111cnts. This teclllliquc haB 
advantage.~ wl1cn tbc bridge is ttse<l for calibrating 
resistance boxes. A Kelvin double bridge has been 
modified to inc·roasc the accuracy of measuring the 
resistance of shunts. The bridge method used at tl1e 
Tiurcan of Standards, United States of America, for 
calibrating potcmt.iometers has been tried with i::atisfae
tory result.,. 
) 

3. rowmt FnEQUENCY. 

The facilities for measurements at power frequencies 
Lave been extended considernbly by the development 
of new equipment and techniques whirh make it more 
convenient to carry out tests. 

'I'he installation of equipment for controlling the 
frequency ancl Yoltage of the sine wave alternator set 
is nearing completion. Equipment l1as been set 11p in 
pormanellt forn1 for c:alibrating amrn<'lcrs, voltmeters, 
1rattmeters, a n<l wa ttliour meters u.sing the sine waYe 
alternator set and either the electrostatic voltmeter or 
the dynnmometcr waLtmeter. For use in calibrating 
watthour meters, a timing u11iL has been built which 
closes an electrical circuit for any preset time interval 
between 1 and 10,000 seconds. 'l'lte duration of the 
intervnl is controlled l,y pulses from a crystal oscillator 
and is accurate to a few thou.::andths of a second. 

'l'o meet the iuct'easing demand for tests on instru
ment transformers, auxiliary equipment has been 
developed to reduce the t ime 1111d labour in,olvecl. It 
i ncludes equipment for demagnetizi11g transformers 
p1·ior to test, swi tchi11g arrangements for supply tr ans
formers, ancl apparatns fo r reading directly the ratio 
errors and phase angles of voltage tnrns forrners. Also, 
circuits ha\'e been set up to simulate transfonnors with 
adjustable er rors so that transformer testing sets may 
be calibrated throughout their ratio and pha.,e angle 
rnnges. 

For use in the capacitance divider of the voltag1:, 
tr ansformer testing equipment, a three-terminal air 
capacitor of 5 pF. capacitance has been constr ucted. 
Experie11ce gninecl in the devolo1JJnont of this capncitor 
h11s been applied to the design and constructior1 of 11 

number of capaei tors for more general purposes. 
An in\'estigntion has been mac.le of the p roperties 

of transfor m.ors when nsed as inductive ratio arms of 
bridgrs at pmrer and audio frequencies. It has been 
found that it is possible to obtain transforme1·s of 
high stabili ty with ratios Yery 11early idc>ntical with 
tl1e turns r atios and with pl1nse nngles rnry nearly 
zero. Transforme1·s of this typo have been u,·ed success
full,y in a numbcl' of measuring circuits. 

4. AUDIO AND RADIO FREQUENC'I: . 

(a) bn])edance .Mea.rnrement.-The measurement of 
capacitance and, to a lesser extent, inductance, is the 
JJ1ajor demand on this Section. Tlrn Laboratory's stan
diu:d capacitors, which are measured by reference to 

tlir sLa11dnnls of re~ista11cc and frequency, l1ave p1·oved 
very stable. Considerable progress has been made in 
simplifying the methods of measurement by the use of 
multi-ratio transformers as ratio devices in alterna ting 
cn1Te11t bridge circuits, and this work is being 
continued. 

(b) Dielecfric illeasurem.enls. - Facilities for 
measurcme11t of tho dielee:tric propel'ties of materials 
l1a1·e hr.en extended by tl1c c011stn1ction of apparatus 
c·overing tho range of frcrp1cncies from 10 kc/s. to 
I 00 J\.fc:/s. .\ c,vlindrical resouator l1as been constructed 
which \\'ill permit measurements at 9,000 :M:c/s. to be 
m11de at temperatures othol' than room temperature. 

( c) Po wet ]if easureme·11 l.- A thermistor bridge for 
!01Y-lcvel pr)wer measnrcments at radio frequencies up 
tu 300 Mc/s. has been con.-;tructed and used to measure 
tl1c power outpnt of a number of high-frequency 
signal generators. 

(d) fi'reguency N casuremenl.-Although the opera
tion of the frequency standard has been very satisfac
tory, the i1vt,allatiou is being ronti1rnally modified to 
simplif:i' its maintenance. TJ1e existing crystal oven 
tempera ture control, which operates from 50 c/s., 
requires a standby supply during any failure of the 
mains power supply. An improved OYen temperature 
control circuit operati11g from the battery supply has 
been tested and will be used in the constniction of 
Lwo additional crystal oscillator.,. 

Further progress has been made in the design and 
assembly of equipment to permit p1·ecise frequency 
measurements to be made in the microwave range with 
1·cference to the standards used at lower frequeneies. 

(e) 1Voisc Oene1,afors.- Ill\'estigatio11s of random 
110i8e genera tors at 3,000 :Mc/ ~. fo r use i11 the ab.solute 
determinatiou of the sensitivity of radio receivers 
!Jave been con tinued. A discharge lamp containing 
mercury \·apour in argon has been compared, as a 
noise generator, \\'ith a low-temperature black-body 
radiator of known outpnt. The results agreed with 
those obtained 01•erseas. Larger d ischarge lamps filled 
with spectroscopically pure argon are being made in 
order to obtain a bettor performance. 

(t) Micro?/Jai·e Svecfroscopy.-The sensitivity of the 
micro\\'al'e spectroscope has been improved by the 
development of a square-warn modulation system for 
the klystron oscillator. The equipment is being re
designed for bpilding into a permanent rack-mounted 
in~tc11lation. 

The investigation of .spectral absorption lines in 
nitrosyl chloride whirh had been undertaken has been 
postponed temporaril_y because workers overseas have 
can-ied out measurements on this compound. A study 
of car bonyl chlol'ide (pbosgene) is being undertaken 
in its pl ace. 

5. MAGNETIC J\!l:EASUREMENTS. 

A 1101, type of magnetometer has been developed 
in which the field-sensitive eleme11t is a fine mu-m.etal 
wire. This instrum~nt is of great value in per
meameter measurements and for measuring steady 
fields of intensities up to 40 ocrsteds and in modified 
form for measuring higher field strnngths. The 
o rip;innl instrument i.~ operated from. the mains power 
supply, but additional equipmcut for battery operation 
is b~ing const

1
1'llcted to permit magnetic testing to be 

<·arr1ed out w 1en necessary at locations remote from 
inte1·feri11g "man-made" fields . 

6. D IELECTRIC INVES'l'IOA'l'lONS. 
Investigations have been continued on the dielectric 

properties of mat.erials in au cndcavom· to relate th.eir 
molecular and crystal structure with their dielectric 
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los~. 1,Josl of the ll"Ol'k Il a.; lJecn done with long-chain 
polar derisat.i\·es of h_y<lr?rarbons nnd, !n pnrtienlar, 
with the alcohols. Considerable 11ltenL1on hns bee11 
ginm to the prcparatio~ of pure siunpl~s o_f t.lto~<' 
muterials, since iL wa:; <l1sco\·ercd thnt then· d1cle~t_n c 
properties at lo\\' frequencies arc ex tremely sens1tJvc 
to impurities. 

Apart from long-clutin compounds, measuremen_ts arc 
ulso beinn· mncle on a cyclic compound, hydroqurnone, 
which .is 

0

of interest becanse of its crystal structure. 

(a) 'J.'heo1·et·ical fovestiga/,io11s.-Oalculations c~n
ccrning the dielectric absorption of s ubstance~ contarn
inn- straio·l1t chains of hydrogen-bonded dipoles or 
mivable i~perfections in ionic lattic?s ha~e b~en com
pleted. The main r esult of t.he~e uwest_1gat1o~s has 
been to show that for each cham the drnlectrIC loss 
as a function of frequency is practically indistinguish
able from a Dcbye cnnc. This confirms the previous 
conclusion that· the much wider absor ption range 
!JXhibitecl by solid long-chain al~ohols is due to a large 
spread i11 the lengths of the chams of h ydroxyl groups. 

In the course of the calculations a number of com
putational techniques were evolved which are gener a11y 
useful in numerical work. 

(b) Dieleririr 1Lf ter--cf)'ec/.-Tl1 is effect in ca paci
tors wl1ich is a lso known as charge ".0 oaking ", is 
cha;.acterized b_y an anomalous charging current which 
continnes after tl10 normal charging cm-rent bas ceased. 
T he study of this effect has hecn contin_u~d durin~ t~r 
_year, using mixtmes of ~mall quanti ties of hqmd 
alcohols with either paraffin wnx, docosane, or poly
tetrafluoroethylenc (" Fluon "). The effects of vary
inrr tem 11rrature concentration of alcohol, thickne.0 s of 

o ' l b . specimen, and applied \·o_ltage gl'adient .1n,·c ecn . rn-
vesiigatetl, and thl! "lect.nrn 1 mea~urr.m.ents haY? been 
extended to 50,000 c/s. lt l1as heen found possible to 
interpret t he charging cun011t rneasmed wit~1 applied 
D.C. ns an exten~ion to low frequencies of the loss 
fartors measured on A.C. The work canied out so fa1· 
ha,: t.lirown considerable light on the mechanism of 
the after-effect, but it has not yet been possible to 
develop a quantitative theory. 

(c) Dielectric P.roperties of Hydroxy Oonipotmds.
Previous mea;,u rrments at low frequencies with 
n-primary alcohols were can-iecl out chiefly on com
pounds of chain length greater than 16 carbon atoms. 
The compo1rnds of shorter chain length were found to 
give rnrinblc results and were set a.side for flll' ther 
investigations at a later date. Tho work 011 these com
pounds is now being c:ontinned, particular attention 
being paid to thrir purity an<l to the ter,hnique and 
conditions of measurement. 

The investigation of the abnorlllally large dielectric 
absorption of seconclar,y alcohols at audio And radio 
frequencies has been -extended to inclnde measurenicnl:s 
at different temperatures in an effort to :fiud out mo-r" 
about. the cletnils of the mechani$n1 i1n-olvcd. Dielectric 
cells suitable for t his work have been constructed. 
Measur emen ts are being macle with both the form 
obtained bv solidification from t he melt and the form 
o·btained by r ecrystallization frolU a solrcnt. The 
effects of h eat t reatment are being investigatPd. 

In arldi t ion to the long-clrnin hydrnxy compounds, 
measurements am being madr 011 the d ihyclric phenol, 
hydroquinone. ,\ cr.ording to the strnctme inclicated 
hy t he X -ray c·ry8t111logrnphic data for this compound 
it should gfre no dielectric absorption, but t.Lr result8 
of preliminary electrical measurements show a high 
rlielcct1 ic absorption. This may be explained l)y a 
ternpornry modiflcal'ion of the strncture r aused by the 
grillCli1~g proce:a~ used in preparing the ma teri11 I for 
measurements. 'T'hrsr in,e/\t.igation~ arr bei11!!· 
continued. 

(d) !JieleclJ"ic J>r1Jpe1'lies of 1,ong-c!~<iin_)''ally Acid.;. 
-The c1·ysta l st ructure of fatty acids ~s such ~hat, 
·dthouo·lf the indi \'idunl molecules arc polar, the dipole 
;1101nc1~ts of 11djarcnt p11i rs of molec_u les c~ncel. Oons~
q1101 i-ly there should be v,ery low d1electnc loss rn this 
type of cornpou11?· This has ?een co~firme<l by 
mensurcments earned out between frequencies of 1 c/s. 
and 10·1 :Mc/s. 

(e ) 1lteasuremenls for I nduslry.-:-.A chemica~ manu
factur ing company has been advised concermng ~he 
snitabilit,y of dielectric m_ea sur~ment~ for deteetmg 
certain cri t ical concentrations lll nuxtu.res of two 
I iquicls. Some measurements were. carried out and i t 
\\"as found tha t for one of the mJXtures the method 
was useful and could be applied in productio11. 

The dielectric proper ties of some chlorinated 
arom atic compounds and of ~orno specimens of mica 
shcrt \\'Cre measured in 1·t>sponsc to r equests. 

i . VACUH:\f ELECTRONICS. 

Jmprnvrments have · bren made t.o the scale-of-ten 
c·ounter tnLe which WAS developed last yea,r . Requests 
from organizntious in terested in the possibility of pro
ducing th e counters 011 a commercial basis have b~en 
111et li_y send ing detailed infoi-mati?n and _a workmg 
ronnter tube ovrrseas. Fnrtber details of this work are 
irfrrn in 0 hap ter XXX., Srction 8 (rl) . 

8. Er,Ef'TRIC.1 r, l{ESF..AR CIT BoAuo. 
Tho .Electrical Re~ea,rch Board is representative of 

I he E lretricity Snpply Association of -~ ustralia, the 
!Tnin,rsitics, nncl the Organization. Its gen~ral 
ohjcc-tirc is t he fostering of fundamental electr1cal 
rrs(·nrc•h in Fnirer si ties. Since its inception in 1945, 
th<' Boar d li ns been developing its programme along two 
main lines : the stud y of the economics a11d stability 
of intercomwrted pow~r systems, and automatic control 
and communications. Invrstigations on the £,rst of 
these sn bjccts lrn vc been csta blished, with the support 
of the Board. in the Universities of Adelaide, :Mel
bourne, and Tasmania. Studies in a utomatic control 
and commw1ications ha\'C been undertaken in the past 
in thr U ni versi ty of Sydney and are being taken up 
again in collaboration with the Organization's Mathe
maticnl Instrument~ Section. In the University of 
Snh1ey \1·ork has been continued on the high-voltage 
dirert-cnri-cnt g·enr.ration of power , the study of arcs, 
nnd (')ertro11111~netic waves. W ork on the protection 
of ('lectricfl l plant from lightniup; lrns been i nitinte<l in 
tl1c• r ,1 i\·rr,:it_v of Queensland. 

XXVJ. LB.DIOPHYSWS. 
1. G,mER.AL. 

I11ve~tig-ations r elating to the propagation, tr ans
mission, and t!ctcetim1 of rndio waves and to the 
appliration of radio techniques to problems in othor 
-fields nrc carried out L.Y the Divisio11 of Radiophysics 
nnrl h" the· Rn<lio Rcsearcl1 Board. 

Division of Rarliophysics.-The main lnbol'ato'.l'.ies 
of thC: DiYision of Racliopbysics are in the grounds of 
thr Univer~ity of Sydney. T he work of tho Division 
h11s been rontinned and extended alono· the lines 
described in la~t year's Annual Report .'"' The main 
inYr.8tigatio-ns in progress at the J:J.resent t ime are as 
follows: 

( i) .'i. scientific study of the ·wa:y in whiclJ. rain and 
rlond occur naturally, of tl1e possibility of inducing· rain 
hv artificial means, and of the effectiveness of Ya rious 
methods of rain-making. During· the past year the 
po ten tin l irnpor tan rt' to Austra lfa of 11011-freezing 
ra)n. has ber1: establ ishctl. N on-frerzing rain does not 
ongmate iu ice cryst,als and h ence tl1c well-known dry 
it'c and silver iodide methods a re not effective in 
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inducing it. Theories of the <lcvclopmcn t of this type 
of rain have been wo·r1rnd out and a possible method 01· 
stimulating i t 11rtificially is being investigated. 

An au::il_ysis oft.he successes obtained with dry ice now 
makes it possible t:o specify not only the type o_f cloud 
with which this method is likely to be effective but 
also to assess, at least for areas in the vicinity of 
Sydney, the sort of m eteorological conditions u nder 
which such cloud forms arc likely to occur. . 

The Division's work on raiu and clouds is descnbcd 
in Chapter XXVII., Sections 8-10. . 

(ii) A comprehensive study of the radio waves 
which reach the Earth from sources outside it, i .e. from 
the Sun, the Galaxy, and that special class o-f bodies 
known us radio s tars. This is the new province of 
radio astronomy. The Organization's contribution to 
this new science has been a significant one and i t i;; 
largely in recognition of this that the IIJ,ter1_1at ional 
Scientific Radio U nion has agreed to hold 1ts 11cxt 
Gcnernl Assemb ly in .<l.Ustralia in l!l52. Research in 
radio astronomy is r eported in Chapter XXVIII. 

( iii) A very large amount of research concerning the 
ionospherc is being carried ont bot h iu Australia 011d 
in other cotmtries, utilizing pulses of radio waves 
wl1ich nre reHectccl from the ionospher e. An attempt 
is being made to develop other means of observation. 
T hese im·estig ations are described in S ection ;l hclow. 

(iY) 'J'be application of rndar techniques to the 
11ro1·isio-11 of improved radio aids to navigation is 
desc-rihrd in S ection 3 below. Du ri ng the p eriod under 
review, sel"Cral fnlly engineered models of a microwave 
navigation system have hccn completed fo r fnll-sC'nlr 
t rin ls under commer cial tl_viug- conrliti ons. 

(v) High-speed ai<ls to scientific computing. Extcn
~i\"c use ha-s lwcn marlr of thr 11wllio-ds a l.i-cad_y de1·elopi,cl 
for using standard :wcounting type punched-card 
rquipmen t , and during the past year substant ial pro
gl'ess has breu made towards the complctiou of 11 

modern high-speed electronic digi tal computer entirely 
designed and built within the Division. This work is 
described in Chapter X,""\:X., Section 3 (b) and (e) . 

Rndio Research Board.- Thc Board's iuvestigatio-ns 
arc concerned pnrticularl_y wit h conditions in the 
atmosphere which affect radio propagation, 

The full-t imr stnff of the Rndio R esearch Board is 
lorntrd i.11 the Elcctt·ical Enginecrinp; Departmen t of 
lhe U11iYcr~ity of Sydney a nd al tlin C'ornmanwcalth 
Oh.oe1·vato1·_y on M ount Stromlo, Canberra. In addition, 
tlie B oard assis t<,; approved projects at t he U niversi tic:; 
of J\drlaide, Qneensl:md, T ainnania, and i:Vest.orn Alls
tralia. It is also co·-ope1·ating with the Australian 
Na tional Antarctic R csea l'Ch Expedition i n ra<l io ob,r.r
vntions at Macquarie Island, and is assisting- tl1n t 
F.xpedition in the planning of i ts prog-rammc. 

The Board's officers have taken a11 nctiYe p:ir t iu the 
\\"Ol"k of thr International Scientific Radio Union arnl 
l)resentcd papers to the m eetin_g at Zmich in 1950. The 
Boar<l's Ohief Scientific Officer krl tho Anstralinn. 
delegation to Zuricb,~wherc be was elected a Vire
Pr,csidcnt of the Uni o11 and rr-clected Prrside11t of 
its ('ornmission on R adio .As tronomy. 

Two members of the Board and oue of i t, officers 
also visited the Uuited States of .\.merica by invitation 
ns sci.rntifir co11sult1111ts t (}' the United S t ates .1rm,v _'\ir 
ForcP. 

Ilrcognition of the value of the Board's work cau1:! 
from the Royal Society of Ne"· Sout,h Wales, ·wl1ich 
awarded its Walter Rurfitt medal for 194fl-50 to th r 
C hief Scioutiiic Officer for "outstanding researches 
in tbc ionosphere". 

The Australian Ra<1io Propap;ation Committee con
tinues to serve as a technical advisory commit tee to th r 
l3onrd find a~ a ,!l/roup for discussion o-f prnctica.1 nppli
oations of ra.dio pronagation information . It~ rnrmlwrs 
include representativ,e,s of the Services and of GoY('rn
ment orp:ani?.ations concerned with radio propagation. 

I ts in terests.are main J_y in the field of ion ospher e p ro
paga tion, but it is also examining the woblems vf 
t ro1)osphere prop_aga tion of the Yory nigh frequency 
rnd10 wa ves, particularly as regards their u se fm: short
dis tance r adio telephone links. 

J nform a tion now available ena bles Hseful working 
predictions to be made of the gene ral conditions whioh 
c·ontrol r adio propaga tion in the upper atmospher e, 
Lut there are many r egular and irregula r effects on 
'.1·hich. m~r e information is required. The B oard's 
111\"~st1gat1ons have contiuued along lines previously 
rnd1cat.cd , tmd have added ma terially to oUJ• knowledo-e 
of f·hesc. Tl1ry a J"c describr (l in SeetiO'ns 4 and 6 of this 
( ;l1npter. 

2. Tim Io:-.osPn ERK 
The inrcstig a tions concerning the i onosphere cnrried 

O L1 t by th~s Division _are aimed b ron<l l_y at developing 
ne>w trchmqucs for the stud_y of the ionosphere. Some 
have their origins in radio astr ono·m y. 

This is evident in a series of obsen·ations of the 
nttrnua tion suffered b.v wan,s from the Galaxy on a 
\\·aw lengt.h of 15_ rn . as they pass through tho iono
sr_he1·c. At te1!u11t1011 due to t wo causes is being studied. 
'k JJ"stl_y, at tin1es of occurrcnce of soln1· flares it is 
k_nown that on shor_t waveleng ths long-distance radio 
f:1g1rnls frcqu-ent!y d1sappca1·. The effect is known as 
~ "fade -out'' and is believed to be d ue to- absorption 
111 1:11::it part of the ionospher e, a t a height of about 
7fi km., which is know11 as the D-region. A similar 
<'if('r.t i,: observed on 1'he cosmir rndio waves d uring 
" facJ,p-on ts " . Secondly, the cosmic r nclio waves sh o-i'v 
:-i rlcrl'rasc wl1cn the critical frequen cy of the F 2-region 
tli r u pprrmost reflectin_g r egion in the ionospher e'. 
~; Cf'eds about half the frequenc_y of the r adio wave. 
I li r fr~ tu,rc of these observations is that the r ays must 

pas.• _ng-l1t through the ionosphere, so that thPir 
hrha nour r an supp_l.r informati on abou t the u ppe r
parts beyond tl1e pomt whe1•,e sig nals used in commn
niC'ntion a.re re-fleeted bnck to Earth. 

Tn nddition_ to c~usin1; general absorption the iono
sJ)here also gn-es rise t o- fluctuations i n the r adiation 
l"eceiv<>d fo·om the ra rlio stars "radio twinklin"'" 
Observations of this effect have' been cai-ried out ~nd 
lead to the conclusion th at the irreo-ulari ties in the 
F -r ('gi?n of t~e ionosphere are a mn_io~ cause. A more 
r xtr n~1n> -~en~s of ob_servations is being analysed . 

.\ r ontrastrng .senes of observations concerns the 
~,w asurr mrnt of tl,e temperntu re of the D-layer of tbe 
10n?spl1er e hy mcnns of the r adio-frequency radiation 
r m:tted thrnn a~ly by !t a t a frequei1cy of 2 Mc/ s. 
Tl11s meth od 1s p rer1sely analogous (using radio 
wa1·('s ) to t he measurem ont. of the temperature of a 
f}n·nacr hy means of an O'Pti?al p:v~·ometer (using 
hph_t). Tt 1~as, howe:ci-. denved directly from a 
rnmlnr tech111q11e apphed a t a differ ent radio fre
quency t o mr asure tl1e temperature of the atmosphere 
of thr ~im . Th er<' is difficulty in finding situations 
'IT"hr r r 1ntrrfrrPnee from such causc.s as lightnino
flashrs and electrica 1 machinerv is sufficiently smal1° 
lmt, i t lrns been shown that tl1e ·;netl,orl can he success~ 
fn lly a.pplird dnrin ~ tl1e middle of the day at places 
far rem~vcd from electrical m achinery ·and a series of 
ob~erva t10ns at_ ii remote p lace in the country nenr 
Bom-kr. m,!,endmg o,er a year, i,; nearing completion. 

ri;he r eg ion ~·esnonsihle for th.i., emission ( the D
~·cg\on_ at a l1c12"lit of a.bout 70 km.) is not readily 
mvest1g-ated by tl1e usu al pulse methorls of ionospheric 
research, and observations ar e in i:r o/!;r ess using very 
lorn~ waws from the naval tri111sm1tter VHP at Can
hena ( wa velength 6.8 km.) . Similar r eJ>earch. m ainly 
on rnther lomre_r wavelcnsrths, hvs been activelv µur
·•11ed at Cambl"ld~c. "Eup;l1rnd . nnd it is desirable to 
n,tcn<l Fmrh ohservations to Australian conditions. 
'l'he lowPr parts of the ionosphere fro,.,, which these 
,·ory lon~ wavt's a1·e r eflected are chiefly responsible 
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for attenuation or Llic .~hortct· olles. At the time of 
fade-outs the increase in attenuation on short wave
lengths mentioned cni·lior is known in England to be 
a ccompanied by n reduction of height of the reflecting 
region for long waves by up t.o 10 or 20 km. The 
_'\.ustra1ian observations agree with tLe English ones 
in this respect but tlH' polarizntion and the diurnal 
heigl1t va riations present new features . 

In ndditio11 to act 1111l obsenations on the ionosphere, 
n theoretica l ox::imination has been made of the mode 
of foJ'l11atio11 of the layers of which it is coJ11poscd . 
Th is suggests, among· other things, that t11e rate of 
decay, ancl hrnrc tl1e amount of radiation necessary 
to maintain the ionos phere, is substantially greater 
t han l1ns been supposed. T his is related to a sugges
tio11 that t.Ln ionir.ntio11 of part of the ionosphci·c may 
be cnnsed by soft X -r11_ys emitted by the Sun . 

3. IlAn10 Arns TO. NAvWATION. 

In recent ye111·s one of the most important "applied" 
acti\·itiPs of the DiYis ion has been the <le\'elopmcnt 
of im•pr oYcd mi,·igationnl aids which are likely to have 
particular applic·ation to conditions existing in Aus
trali11 . Two 111ajor radio aids for civil aviation which 
have emerged-Distance Measuring Equipment and a 
M11ltiplc Track Range or guidance system- have 
been described in prc\·io11s reports. The Department 
of Civ il Aviation is now taking delivery from the 
manufacturer of beacons and airborne units /1s •par t, 
of the Oommonwealth-\\'idc installation of D.M.E. 
equipment whieh has brcn ·planned, and the DiYi.sion's 
re~ponsibilities, so far as short-range D .M.E. is con
cerned, nre now Pomplrtc except for clutie.s of a 
genernl achisory nature. Some interest in 
M .T.R. eontinncs to be shown both in Great Britain 
anrl in Austrnlia, nnd fnrtl1cr advice aud technical 
informntio11 on the performance of this system have 
been giyen. Tbc main activi ties of • the navigation 
group chll'i11g tl1e past tweh-c montl1.s have been devoted 
to tho engineer ing: clo,·eloprncnt of a micr owave navi
gational system a nd to preliminary wor k on the possi
bility of us ing cfota11cc rneasul'ing ter·bniqu es to 
'provide a long-range nal' igational system. 

(a) Jllicroware Nm·igalional System.-'J'he D ivi
sion's :M:icrowa rn N avip-ation System was designed to 
proYide a radio rounterpnrt to the simple visual metl1od 
of navigation. It provides facilities for " seeing" 
and using radio beacons as nearly as possible in the 
same way as grounrl marker s or l ight signals may he 
identified and used as 11avig11tio11al aids under coudi
tions of pcrfert visibilit.1. Jt. J1as aroused consider able 
interest both i n Austrnli11 and nbrond a.s a navigatimrn1 
system for usr by aircrnft under conditions wh:r_e . it 
is u11ccono1uie to p r ovide the more e1aborate fac1ht1cs 
which are usual on main air routes, aud also for 
use in the navigation of ships in confined waters. 

ExtensiYc tests ca rri e<l out 1ast year with exper i
mental equipment showed the •performance of the 
a irborne ver sion to be promising. Dnring the prri orl 
under review the system has been fully e11gineere<l, and 
six ground beacons and six airborne units haYc rencl1ed 
an advanced stage. They will be handed over to t:110 
D epartment of Civil_ 1~ Yiation for trials uncle:· com
mercial flying cond1t1ons. !he 1sround st~t10n or 
beacon is a simp1c low-cost umt wh ich can be rnstallccl 
at short notice wherever poll'er is availa hle. The 
successful development of battery-operated beaco11s 
would provide' a rn1uable aid fo1· outback air routes 
or for use in pa rts of New -Guinea, and work along 
these l ines is proceeding. 

To assess the possibilities of the system for harbom 
pilotaire and navigatio~ in ?onfined ar~a~, tr ials _nre 
being made in eonjnuct1on w1tl1 the Man time Ser v1rcs 

BoinJ. ,\ 1·Ctl•irer li:is lieeu in!<tallc<l in the pilot 
sh ip of Sydney Harbom and apprnpriate beacon 
in.~tallntions arc be ing laid down. 

(b ) Long-range Na11-igafion using D.Jll.E . Tech-
11i1r11es.-DJ11.E. in its present forn1 is a short-range 
aid, since it operates at a waveleHgth of about 11 
u1 r.tTes \\'hPre rc•liablc n ropaga tion beyond the line of 
.~igl1t rannot be achieved. The extension of the 
t!:'cli11iq11e t·o ranges up to J,000 mi'lcs would r epr esen t 
a major adrnnrc in long-range navigation. M etlt0d~ 
in use at. prese11t all suffer from the disadvantage of 
l'C(]t1iring a fully trained na rigato1· to obtnin a position 
fix. D.}.:f.E., howc\·er, for the sl1ort r anges on which 
it i.~ at present 11sed, g.iYCs the pilot a direct indication 
of nmgt' wl1ich is both automatic and continuous. Its 
use 01·er long distances woul<l im·olYC •propagation via 
tile jouosphrrr :ind research i;J therefore bei.11g canie<l 
out into various aspects of communication via the iono
SDhcre which arc l ikely to ltaYe n bea ring on the 
foasibility of sur-h a system. 

-1. Tn 1, EFFJWTS ON THE UPPER ATMOSPHERE 01" 

PA1nt0LE R.ADL~TTONs FRO:i\r THE S oN. 

Earl ier tl1cories to ex1)lain the effects in the earth's 
:.itrnosphere of particle rndiation from the sun have 
11 ot been completely satisfactory. An exhaustive 
theoretical s tudy by the Radio Resear:Ch Board's 
officers has, how~vei·, produced a revised theory which 
appears ca•pable of explaining how the so1ar r adiafiou 
may produce the actual effects observed on the earth, 
such as in tcrfe rC'nce with r adio propa?:ation, magnetic 
distmbanccs, and nuroral displays. This theory bas 
llf'rn disrnssed at conferences in America, Eur ope, and 
Anstral in, ancl l1as arouscrl world-wide interest. A 
preliminary renort has been published. Disturbances 
of the ionospl10rP with a d1aracterist,ic dnily variati on 
hare also been d iscovered. 

5. TRAVELLING DISTURBANCES. 

The obserrntions of travelling disturbances in the 
ionosphere have been Pontiml('d and extended. T he 
change from summer to winter of daytime directions 
of mo,0 cmr11t ha. been rlcarly csta blished, and it now 
appea1·s tlrn t there is 11 systematic change of direc
tion during the clay. This is thought to be the result 
of tides .in the atmosphere. It bas also been shown 
t.ll/l t, tl1e direction of 1novement is generally not the 
samr at 100 kn1. as at 250 km. height. Work at 
Brisba1rn has gi,·en evidence of similar movements at 
night. The ob.senations at Perth are obtaining 
<'vidcnce of the directions of movements in West!?"rn 
. \ nstra lia, tl1us providing information on the e:<:te11t 
of thP 1110Yements. 

A paper on this work has been pub1ished and further 
paper;; haYe been r end at eonferonces in ~mer ica, 
'Europe, and Australia. 

Obsen ·ations of a similar nature are now being 
tmdcrtakc11 in other •parts of the worl d. In Aus
tralia tho work is being continued and extended as it 
is g iving Yalnable new information on movements in 
t·he upper atmosphere, which are of importa11ce in 
meteorol ogy an<l h igl1-altitnde flight as well ns in 
ra<jio propagat.ion. 

xxvn. :METROROLOGTC'AL PIIYSICS. 
1. GENERAL. 

R esea rch into physical pl,enomcna ocrnrrino- in the 
atmospher P is carrie.rl out b y the Section of Meteoro-
1ogiPa l Physic~ lor·a tPcl at Ff ighett. Victol'ia, the Di vi
!<ion of Rad ioph_y~icf;. S~rclnry, anrl the DiYision of 
Phy~ir.~. Syrb1cy. 
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Work 011 t,l1c pl1ysics c,f J"ain an<l. clouds an<l on 
artificial prodnction of rain b,r th~ Division o~ ~ac~io
pLysics, flllcl laboratory i;3vcst1gat10ns _of p1:ec1p1ta~1on 
by the Division of P-hys1cs,. are_ descnbed m_ ~e_ct10ns 
8-10 of t,his Cl1apter. lnrest1gat1011s by the D1vts1on of 
H11diophysirs int.o wii1d and ot)tc.r ph~nomena in the 
up pct· n tmosphcrc arc reported Ill Section J 1. 

Stntisticnl studies of rainfall rnadc by tlie Section of 
1lathrmaticn I Statistics, • \ dcla idP, n re repot'tccl in 
s l'(:ti011s 12 and ] 3. 

81:cl iun of ill el corol o,r;i,:11l l'hysics.- Tlte Section of 
~fot.r,orologicnl Phys ics was formed mainly fo1· the 
p11rposc of rnaking fundamental studies in tl10 physics 
o l 11tmospl1cl' ic proec~ses. Tl1c £eld of investigat ion 
t.hus presc11tl'd is wide, iucltuling studies of conditions 
iii! orm· the \\'Orlcl i11 the problems of d1angcs occmring 
from day to clay (synopti c 1netcol'Ology), week to \\'eek 
( wea ther trends), or decade to d<>.cadc ( climatic trends) . 
Ou an i11trrn1rdin.tc scale exist problems such ns tl1e 
1>1Pc-hanic-s 11nd stnwtnre of indiviclunl storms, cloud, 
rain, fop;, &c.; an d from thi,; tlte scope r:rnges down to 
tlie st11d_y of tlt r dctnilerl sti·u(:turc of trmpr r atur1• , 

humidity, and wind nenl' the surface of the ground, 
1d1ich , besides exerting fl profound influence 011 the 
proper ties of the a t u1osph err ns a whole, de termines tlw 
11at.m e of the rlima tc in all(! a ro1111d crops, and hen<·r 
the wrlfare of pl :rnt indnstries. 

The work of the Sectio11 during the past year Jias 
heen largPly con solidation and c.,:l"ension of work 
descr ibed in p revious reports. Tt. is described in 
Sections 2-7 of this C'lrn ptp1·. The Section is 11ot 
immediately concerned with the problem of wenther 
forceasting, but it is g,eJ1crally conceded that any snb
stantia l p1·op;ress in tl1e accnr11cy and extcnsioll of time 
of forPcasting is cont ingent on ,:necess in such basic 
stuclirs as those in \\'hich the Sert;on is engaged. Like
wise, the efficie.ncy of s11rl1 \\'eatltPr contrnls as are at 
present contomplatccl, such as fog clispersnl, frost 
preYention , and t11e fo rmat.i011 of art ificial rain, must 
rely on fundamental knowledg<:> conceming the 
mrrhm1ism of the>,;e. yarions processrs. 

2. GENER.\T. CrnouLATION. 

The re.ntr11l problem in t.l1e general circulation of tl1e 
ntmo~rphere is tbc elucidat ion of the manner iu which 
heat is h-ansfrnecl from eqnat.orinl to polar reg ions in 
order to maintain the ben t balnnce of tl1e earth as a 
wl1olo. Thr nature of s11cl1 trnnsfcr is largely respon
siblr for seasonal "'Pathe.r. Durinp; the year nnde·r 
revirll' the Section of M eteorological Physics has con
t innrd the anal.vsi~ ancl int.el'j11'et!ltion of world-wide 
upper ait data. 

Jmport11nt: progress lrn s bern m:H)c in t he study of 
1110111cntn111 exchan_ge between the l at.itll(les by the com
pletion of a "·orld Slll'l"<'Y of tl1e stress betwee.n 
lltmosphere and oceans. · 

3. DYNAUIC METEOROLOGY. 

The manner in which solar energy is transformed 
into the kine tic enorp;y of 11.tmosphnric motions, mHl 
the. p:eneral workinp; of the atmospheric heat engine, a.re 
iimong those met0orologic11l mechanisms still not com
nletel_y understood. StudiPs in tl1ese problems baYe 
hecn maintained <lnrinp; t.he pm:t. yenr; and arr 
ro11ti11ning·. 

'l'!1em is, i11 s:ynoi:t ic meteorology, a need for a systr
mat1c oharactenzat10n of prrssure systems so that one 
m~y be dist.inguishecl fr?m flno ther ·in t.en~1s of appro
pnate paramctr1·s. Studies 1·ecently undertaken in t he 
Aecti on indieatc. tl1a.t it may bP possible to introduce 
~om!' snch classification based on the vert.ical rate of 
decay of tbe hnri?.Ont:al prrsi;urn gradient of the indi-
1·id na 1 system. 

4. J\11c1:0~1i;;·n:01w 1,00Y. 

Mi cl'Ometeorology is that branch of the subject con
eernrd ll'ith the detaile(l strncture of wi11d, temperature, 
hnmid:ty, &c., and the Lelrnriour of these elements in 
l l1e layer of air just a hove tl1e ground. 

.\11 tl1r·sr r lrments 1·.('.l'Cf!l n higl1l_y complex strncture, 
and tli c· r tfrr t~ of tlt is stn1rtnre have a profound 
inf111l'IICt' on a \\' idc range of superficiall_y 1.1nliko 
pl1e110n1e1w s ud1 as tl.tc warming of the atmospbe.re neat 
!he eartl1 \ s nrforc, tho e,·apora tion of water from land 
a nil ~c•:1, tlte t rnns por t of the l ighter seeds, the dispersal 
of smok0 from factory a reas, &c. I nde.ed, it may be 
-nid that. life as \\'O knoll' it is 1arge1y shaped by the 
t nrhnlcnt prneesses that occ·nr i11 the lowest layers of 
t l1 <• a1'111ospl1ere. 1'1111s the st udy of the processes 
c,,·e11rring i11 t lrf'$<' regions is of fondan1cntal importance 
fro111 thP p11 rr l_y met(•orological point of view, as they 
control tl1 c• tt'ansfrr of soln1· into a trn o,pheric heat 
P1wrg_v. and f!lso from thr cor111nerci11l and agricult.ural 
aspeets. 

Tl1r ll'ork 011 thesr 1woblems can ied out in the. Section 
!ins hr·r11 la rgely of a fundamental 1111ture. I t h as been 
e011cern0d with the development of apparatus suitable 
for recording the. fine strueture of tl1e elemen ts uuder 
~tnd.v and with t.he extended use of the apparatus in 
the fi eld. This experirnPntal work h ns been mainly 
canied ont nt tl1e Srct.ion's experimental station at 
E clithvale, wherr eompletion of tb e 96-ft. observation 
towrr and extens:on of the observation hut haYe greatly 
facilitatNl tl1e " ·ork. The ohsei·,·ational prqgramme, 
now well under way, is bc•lirwd to be in some ways 
11niq11<>., including mcasurcmrnt of a11 tl10 factors con
rerned in tl1r lwat balance a t the eartl1's surface and 
11lso of tl1<' friet io11al forrc betwren tl1e a tmospl1ere a11d 
tl1r _ground. This latter, tlte t11rb11]{'.nt tran sfe1· of heat 
111Hl watC'r rnpour. and the trnnsfer of 11eat into tbe 
_ground. f!l'e a 11 rneas11rrcl h v means of instruments 
dr vrloprd in tll<' Sertion. arnl analysis of the res1.1lts is 
vielrling impor t:int inforn1ation on the laws of turbu
lrnt tran~fcr in the lowrr atmos pl1erc. Up to th e 
J)l'rsent tlte in vestip:ation bas bePn concerned mainly 
"·itb clear wr 11 tlwr. hnt ll'ill soon b P extended to other 
crrnditions. 

Thr instrumental f'<:C'lrniqne nsed for measuring th e 
t11rbul.0.11t trnnsfcrs of l1eat and watr r vapour (i.r . 
evaporation) is c:a pable of application to any natural 
snrfa('r an~l, in. particular. to conditions over growing 
crnpr.;. Tt 1s bclH',·ed to he t.hr first rnr tl10d for measur
in!! m1tmal Pi' nporntion wh irl, is entirely frrp from 
r,li irrtions in 1wi nr iple, and i t is hoped that' it may l ate.1· 
find applica tio11 in agricul tural resrarcl1 in Australia, 
wl1r rr an 1mcle rstandinµ: of evaporation is of pressing 
r·oncern . It. must be sh-e,:::ecl. h oweYer . tliat the method 
is nt present rompliratPd instnrnwntally and requires a 
fTni11 r cl nl1ysieist to oprrate it. 

Tl1P Section participated in a. w mrner ernise of 
R.R.S. Disc01·e1·p TT. t,o the Soutl1ern Ocean. Measure
mrnts were m11do of sea surfar,e temperature in the 
e,, 1wergenrr zone, of tlJP fine strueture of air tcmpera
tme, ancl of wind over tl1e sea snrfar r . tl1c latteJ· for 
tl,P purposr of rwalua tin!! the frictio11a l force between 
at,mosplrnrr and orr u11. Thi,: quant.i t..v, of which exa ct 
knowlrd~e is scanty, is of gw.a t impor tanee ill the study 
of thr g-rnr l':i l r ir rn1Atio11. · 

:>. FnoRT Prn:vm:s"no::-: r:-. 0RC'H ARDS. 

I n nracti rall v all A11stt-al i1m fruit-growing- districts 
frost. occurs 011ly in a shallow 111.yer rl~~" to t l1e .ground. 
Tl1c nir at 50-100 feet nhove tl1r _!!'1·01rnd ma y be some 
10° "F'. warmer on such occasions. and mav tl1errfore be 
11:;-.r.cl as a source of l1eat to prevent frost damage to 
tl1r fr1tit trees. To ta p. this .~our~e, n1rious t ypes of 
fan lrnYI.' been nscd bot.11 rn Aust:ralrn and overseas. but 
n,· 110 s_ystematic invr!;tigatio11 11ppears to have been 
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1111Hle fo1· thr purpose of determining the most efficient 
svstr m, Lhc work of tbc Section in this :field has been 
directed to this end. 

'J'he trials wh ich lrnrn again been canied out at 
Griffith ltn,v~ continued a long lines indicated in the 
previou~ Report. They have conf:ir1ned that tilting the 
axis of tl ,e fan so that the a ir is given some horizontal 
momentum, 1:ads to a sig11ificm1t increase in its 
efficiency, tlir area inflnencctl beillg about 50 PL? cent. 
greater nt m, irnglc of til t of GO~, compared with the 
rnrt.iral do1Yndraught. Prcparnt10us bn,ve been com
pleted for extc!1diug tlie tl'i_als during t!1e comi'.,g wintR.r 
so tlrnt thr. c-flcrt of rotat!Jlg the pro.1ecte<l an st1·ea111 
n1·01111<l thr orcl1n,rcl rvcry one to thr ee rni.nu~es may he. 
examined . II' i;:: considered that such rotation sl10uld 
lC'ncl to a c·omiclrrahle increase in efficiency. 

Fruit-"TO\\'C'l'S i11 thr Tocumwal distl'ict have. had 
installedt, a rotnting ducted fan wl1ich, during the 
<-omino- winter \\'ill bo subjected to quantitative test. 
The ~1c1·11111m~tric cquipm~nt necessary fol' this is 
similar to thnt. used at Griffitl1 and has hee.n constructed 
and installed by this Section, \l'hir.h will be largely 
rc•sponsiblc for · the obscrvn tio1rn l \\'Ork in connexion 
with this il1\'rstigntion. 

6. RADIO ll'fE'l'J,OROLOO\'. 

Tlw st.rnrtul'C of the t;roposphcl'c nnd of that layer of 
tl1r Mmosplw.rn kuowu n. thr. ionospl1ere is dur ulti
rnnfl'ly lo solnl' iniluence. It might, tl1el'eforc, be 
Pxpectccl thn t th()1·1• 1,·0111rl he sornr rrlntionship hetwe_en 
tltr. b()h:n·ionr of tlte t11·0 thongl1, brcnuse of the qmte 
different physical nntm·c of this influence, this 1:ela-
1:ir,nship conltl not be cxpcctr<l to be close. Corl'clntwns 
1:a vc hrcn sought bctll'ec>n ionosphc.l'ic er:tical frequency 
n11cl surh tropospl1cl'ic parameters ns tropopause height, 
prc•:<smr, &r. Signifiraut correlations of small magni
turlc have been found for certain periods, but do not 
appear to br maintained . The investigation is 
eontin11ing. 

An nndrrtnking of considerable economic importance 
to Australia is tl1e establishment of radiotelephone lii1ks 
between the rapital cities. The efficiency of such links is 
profoundly influenced by the meteorological con_dition_s 
in the lower atmospbe.re, and the need for an m,·estt
n-ation into such influence is fully r ealized by the 
Postmaster-General's Department. The Section is 
continuing to advise the. Department on the meteoro
logica 1 nspects of tliP. problC"m. 

7. EvAPORATTON Smw1w. 

Surveys of cn1.poratio11 over the Australian continent 
are nn essential guide in problems of land use and 
rnral development. Previous m r veys of this k ind haYe 
hocn bRsed on mNtsu1·emeuts from evaporation tauks. 
Sucl1 measurrmcnts, while pr o,· iding- nsrful information 
in certain di l'ectionc;, are recog·nized as bein('· limited 
in application, and more realist.ic methods are ·;·equired. 

_ To this encl specially developed evaporation pots have 
been or are being inst'alled at eertain stations in sonth
e::istern Australia. na mcly at ·G l'iffitl1. Tuforhein. Adelaide, 
and Highctt. 

8. H.AlN PHYSICS. 

.'.. dear picture of tlrn mcclianisms involved in the 
production of natural rain, besides be.iug of considerable 
scientific intcrr•t i.u its owu right, is an essential prc
rc<Juisite to any successful mC"thods ·of inducing rain 
art,ificially. Ilaclar offers unique advantages for 
st,aly i11g the processes at work within rain-bearing 
clouds becauEe. of il:s ability to "see" the snow or raiu
Jrops throughout the \\'hole extent of the cloud. It has 
hcen w;ed extensiYel.v by the Division of Radiophysics 
in n\l'ious forms dul'ing the past year. The data 
collected confirm previous findings that, in addition to 
froe.zing rain (rain which commenres i ts li fe 11s icr 

er_ystuls), there is 11notllcr . very .tmportal3:t . ~atu:·al 
method of rain formation m which the m 1tial 1ee 
crystal stage is not involv~d. The process is one ?f 
eollision and coalescence of small drops to f_orm big 
ones. N on-free1.ing rain is _almost . certamly an 
important source. of raiufall in tropical and sub
trnpic11 l latitudes. 

(a) 1l iruorne Observcilions of .Ra_in Cloud_s.-Rn,d_a1· 
obser n1tions arc made from a specially equipped nir
crnft fitted with a 10-c·m. radar ~et. This combinatio11 
has pro1·ed imaluable because it niakc~ possible a 
survey of clouds within a range of 200 miles o:· IUOl'e. 
The radn r provides a reliable meaits of find1;ug the 
c·louds which contain raindrops and of followmg the 
dcvclopmc11t· and decay of the rain-bearing r egions 
within them . . At the same time the use of au aircraft 
nm kcs it possible t.o examine the actual particles which 
arn giving rise to the radar echoes by flying through 
tlie clouds concerned. Sufficient observations have now 
been made to estn,blish that the radar "bright band",· 
which is always nssociated with freezing or 
"Bergeron "-type rain, is produced when ice crystals 
become covered with a thin film of water as the.v fall 
to or pass below freezing Jevel in the atmosphere. For 
this reason it has been proposed that in future it should 
be called the " melting band". Other radar observa
tions ha,·<' show11 that 1·ain often oecurs within rloud;:: 
which are not cold enoug-h to cont11in ice crystals and 
risnal oli~cn,ations from the airernft have confir med 
that the so111·c:c of the radar erhoP~ is watr1· cl r0p lets 
:incl not ice crystals. 

(b) Gro1incl Radar Obserralions of Rain.-,The me 
of iround radars is necessarily con:fincd to the study 
of clouds which happen to pass in their 11ear vicinity. 
K c1·ertheless, because the radar site it~elf is :fixed, 
it is possible to make a better statistical study of the 
inridence of various types of cloud t,ban is feasible 
from ru1 air-craft and, in individual cases, to follow 
the development in greater detail . During the year 
a vertical-looking radar, which is :in~tallecl on the roof 
of the Lnhoratory and thus provides data on vertical 
sections tlnough cloud areas in the vicinity of the 
T.aborator_v, has been fitted with a camera which 
photog;ra phs the i-adar screen at frequent intervals. 
Sucl1 a serirs of pictu res provides a permanent recora 
of all st:.ig·cs in the develo1nnent of rain areas and, 
when proiecte<l at normal film speed. gives a graphic 
rep1·cscntation. It has been found in this way, for 
r.xamplc, thnt witb freczin~ rain (i.e. when a melting 
h:rnd is ])resent), other r adar ba11ds sometimes for m at 
.irrenter hefo·hts. These usually fall sl owly and meTge 
with the melt.iJ1g hand, nftrr whirl1 the J'l'flcess may 
bP r epeater] at regular interval ~. The occurrence of 
t~1csr upper hands appears to be <luc to snontaneous 
frrezi1i!!.· of water droplets wit.hiu the cloud itself when 
they fall to a tPmperatme of ahout -J 6° 0. 

(c) R aincb-op So11dc.-Whilc aireraft measurements 
11re :invaluable in pro1·iding the horizontal structure 
of drop sizes, t.hcy do not 1·eadily yield information 
on vertical structur e or on variatiom with time at 
nny one leYcl. For this pmposc a ha Hoon-borne 
instrument is em ployed, consistin!l; essentiully of )1 

m icrophone conncctrd to a radio trau~mitter. Rain
ch ops strike the diaphrngm of the microphone and 
modulate the carrier wave accol'ding to their 
momentum, and from thr audible tone produced in 
n rcrei vrr on t.l1e ground, the ;::izc of the clrops and 
their numher can be determined. This method, though 
Yaluablc, is neressarily restrirted to occasions when 
rC'a.~on a bl_v uniform rain conditions are present in 
the vicinity of the ground rer.orrlin~ stations. 

( d) Rain Por1;wtion..-I11Yestigations on certain 
processes of particular interest in connexion with thP 
:it"tifirial nnd natural prorlnrtion of rain have been 
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continued in the Division of 1:'hysics. Further 
laboratory mcasu rernents httvc been 1~ade of the :1mnber 
and types of ice crystals produced rn a fog of super
cooled water droplets when it i.;; locally cooled by a 
pellet of carbon i.lioxidc snow (-78° U.) . 'l'o complete 
this investigation similar measw·ements using materials 
other than oo~ and at tomperntlll'CS other than 
-78° 0 . are being made. . . 

Simi lar measurements on the 1cc crystals produced 
by silver iodide ha,·e been mnde. It has bcCJ: found 
that free iodine vapour and tho p1:od~cts . obtnrned . by 
hcatillg potas:;ium iodide nro also et1ect1ve ll1 producmg 
11uelcatio11, particular1y at low temperatures. The 
techniques and facilitic~ de_velopcd ~o:· the~o mo~su_re-
111cnts lt:l\"e pl'Ove<l useful fo r oxnmunng silver 10chdc 
SiUOkcs nlld pyrotechnic mixtures containing silver 
iodide fo r their suitability for field trials for artificia l 
rain production . Diilcreut mixtures have proved quite 
tliffcrc11t i11 their cfrcctiYcncss in producing ice crystals. 

The tcmpcrntnrc at 1rhic-h ,rater droph•ts freeze has 
beeH reJJorte<l by o\'f:l'seas ll'orke!'s to depend on the 
~izc of tlic drop. I11rcst igat,ions ha,·c confirmed i11 
a p;encral way that the freezing te111perature of small 
dl'ops is lower tl1an tlin t of larger dl'op::;, although much 
greater variability i11 the results was obtained than has 
hcc11 reported by some wo1·kers, presumably because 
of the considerable difference in the experimental 
tcdmiques used. ru1 inYestigation of a somewhat 
similar 11aturc but Lmdcr mnrh 11101·c cal'Cfully con
trolled conditious and clil'ectcd to11·ards a different end. 
that of lhe study of plw~e 1111dc•1.1tiuJ1 i n vury pun, 
water, is in progress in the Division and is repo1·tcd 
in ChaptPI' X:XlV., Sccti011 2 (u) . 

The (•apt ure c-r0ss-seetio11 of rnind1·01Js fo r :finer dro]'.; 
rcluti vc t-1 which thcx al'C fnlling is o!Jviously ill! 

impo1-ta11L pnrarnctcr for theories of rain growth in 
which conlC'i'ccncc is ass11111ed to be in1portant. Calculu
tiom of i t, rnlnc nndr r rnrious conditions liave been 
madr but nil Slit h r-niculations invoh-c simplif,vin~ 
assu111pticrns, a11d it tl1crcfo re sce111s desirable for an 
atlenipf io ht: 111:idc to 111cn:;11rc tl1c qu:111tit,y dircctl~·. 
The fir~t attempts t·o do this, i n wl1ich the mist droplets 
ll'l'!'e 111adc In cnny u tr:ic-er, the co11ccntrntion of 
11·l1ich wa;; lllC!lSured in tho water of the large drops 
n ftcr tl1cy had fallell through the mist, did not provide 
results of sufficien t accmaey. The alternative approacl1 
of rncaslll' ing the rate r.f growth of a drop of pure 
water suspended in a rising air stream containing 
droplet <; of pure wa te1· and of a velocity near the 
terminal ,·clocity of tl1e large drop, proved more satis
factory and has the advantage of avoiding the use 
of a contaminated spray. The results obtained to 
date do not differ gl'Catly from some of the theoretical 
values but the experiments i1eed to be extended over 
11 wider range of conditions. I n t·he course of th<l 
inYCstigatiou a new method of determining the spectrum 
of sizes of the mist d1·oplcts l1a!' been developed. 

Non-freezing rain is common in tropical and sub
tropica 1 latitudes but the way in which it forms 
(nnlike t,hn.t from icy clouds) is very little trnderstood. 
.\ theory which accounts for the production of large 
drops initially by condensation and then hy a much 
more rn.pid growth due to coalescence has been furthei· 
developed i11 the Division of Radiophysics and cheeked 
witl, experiuicntal observations. Some further 
theoretical ,rork has also been completed on the rela
tionship hetween rain and the existence of condensation 
nuclei. This suggests that elomls formed in maritime 
air masses should tend to rontai11 m11ch larger drops 
than those for.111ed in air masses which liave passed 
over land and these coue1usions appear, so far, to be 
~upportecl by actual observation. 

(e) Laboratory Expe1·imen/s on Refir.ction from 
ll'ater Drops ancl Ice Parficles.- The features of the 
radar echoes obtained from clouds depend on the way 
in wl1ich the scattering of radio waves by wnter droplets 

differs from that due to ice crystals in their various 
pos~iblc forms. 1\ieasureu1ents have been made in 
l11e Radiophysics Labomtory to verify the theoretical 
calculations ·of the proportion of energy scattered by 
1rater drops and ice particles. These show that the 
wcll-lrnowii radar " bri.gltt" or "rnelting" band can 
be adequately explai11ed as due to the increased refl.ec
tioll from crystals which huve just begun to melt. 
.\ s an ico needle melts, it becomes covered with a film 
of water wl1ich enhances its scattering power. This 
is reduced agnin as the crystal collapses to a spherical 
d1·op. 

(!') R aindrop Speclrvyrci7Jh.-In interpreting the 
re.suits obtained by the use of ground radar and the 
r11indrop soudc, it is desirable to know the distribution 
of the sizes of raiu<lroµs 1rhich autually reach ground 
level. _l_J1 in ·trnment has been tle1·elopcd which i.s 
11arlic1.1larly cffoctive for this purpose. The raindrops 
:ire nllowccl to fall th1·ough a small J10Je· in the top 
of :1 horizontal wind tur1nel. ..\s the_y fall i11to the 
ho1·izontnll;r-111ovi11g wiudstrea111 they arc c:anied along 
11 distance which is llll ill\"erse function of their size 
and depo3itcd on the l,a~e of tlie tunnel, where a 
sheet of paper is placctl. The paper is dusted with 
a red water-soluble dye so that red stains are left 
where the railldrops fall. The paper is arranged to 
mon:: acr0s~ the wind tunnel and a record is thus 
obtained which showR the distribution of raindrop 
sizes at ally instant, ai1cl ah;o how distribution varies 
1rith time. 

0 .. i.i;·1'1I·'1C•1,11. R \ IX .Fmu, .\T10:s . 

111 1iarallel with tlte studie::; of llatural rain described 
aboYe, the effects pl'Oduccd by treating natural clouds 
with ,·arious substances arc bci11g investigated by tlttl 
[ :ivisio11 of Radiophysics. 

(a) Vry lce.-lJry icu was the first substance to 
he used suc:cessfully in rainmaking experin1ents. It 
i~ effoctil'c only in supcrc:ooled clouds whose tops are 
l!t least 7° c:oldm· than freezing. The Di.visioll's earlier 
work led I o the first pu blishecl specification of the 
c·lo11d c:ouclitious unde1· which artificial rainmakiug 
by the• dry-iee method is likely to be successful, and 
to the rcalizat:ion tl1at careful measurement and 
i·ec:ording of physical conditions Juriug such experi
ll!Cllls nrc essential to a full undei·stanc:Liug of the 
prncess. Owing to the excessively high rainfall in 
the Sydney area during the period under review, 
farnrable opportun ities for the use of this method 
occurred relatively rarely. The opportunity has, 
therefore, been taken to improve the instruments and 
instrumental tech11iq1tes employed. 

1\11 inYestigation hns been made of the meteorological 
ronditidns whicl1 existed on those clays on w·hich 
successful rain-making- experiments were carried out 
in the S,vcl11ey area hctweeu Jamrnry, 1948, a11d J une, 
l 950. Thc:y had ma11y recognizable features in com
mon and as a result, provided adequate radio-sondc 
nucl synoptic data arc arnilable. i t has now becornr 
possible to assess whet]l('l' a gfrcn day is likely to he 
suitable for dry-ice trials. By this means i t i s esti
mated that conditions in the Sydney area were 
farnrable on 45 days during 1!)48, on 33 clays in 1949, 
and on onl_y eight days dul'ing the period Januar,y to 
.June, JD::50·. Potential min clouds appeared often 
enough in the latte1· period but they nearl,v always 
yielded natural rain. 

(b) Trials in 'l'asmanir1,.- Following requests from 
the Tasmanian 0 .8.T.RO. State Committee that 
111ti£cial rai1111111king be tried out in that area in view 
of the serious effects the current droug]1t was having 
on tl,~t. State's hydro-electric and forestry services, 
two v1Stts we1·e made to Tasmania by the Division's 
rni1H:rnki11g group .. The first was for the pnrpose of 
ennyrng out, a preliminary survey of the pos!'.ibilit ies. 
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These uppe:ncd to lie fa voral.ilc and a full-seale Lrial 
of the dry-ice method was can.ied out over a period of 
one month ill a serious attempt to increase the rainfall 
over the Hydro-Electric Commission's catchment areas. 
During the second visit natmal conditions proved less 
favorable and only two eonstruetive experim ents were 
carried out. The evidence collected was insufficient 
to make possible au assessment of wliether rainmaking 
i11 I Ii is area would be an econornic proposition. 
Valuable expel'iencc was gaiued, however, on the 
organization "·hich would be 1·equired to make rnin 
and to obsene and properly assess tlic results. 
. ( c) Sit,-er I odicle.- Sill'er iodide, when introduced 
lllto a cloud in tlie fonJ1 of a "smoke" of fine crystals, 
appea r;; to cause effects rery si111ilar to those produced 
by dry i<·c. It is cffcetire only in supercooled clouds. 
Spectacular successes hare been claimed for it in the 
Uni tcd States of Amc1·ica but detailed evidence on 
whieb thC'se claims could be assessed l1as not yet been 
published. 

Oppol'l11nit ics for trials with silver io<lide have, as 
with cll'y ict', occurred in the vicinity of Sydney on 
relat ively few oc,·asions during the past tweh-e months. 
Means fol' dist.l'i lm ti11g it satisfactorily from an air
crnft haYe liecn clernlopcd, howevc1·, and a number of 
experimeuts hnYe been carried out. From these all 
that can be said so far is that rnin-making by this 
method is apparently possible but a-ppenrs to be more 
critical of cloud condition than tl1e dry-ice method. 

(d) Weller S 7m1y.-Ac('ording to a theory deYeloped 
in this Di.vision to account for the occurrence of rain 
in non-freezing clouds, the large raindrops arise from 
the ocC'asi.onal appcara11ce of a proportion of large1· 
drnplets which fall relatirn to their smaller neighbours 
and in the prore~s collide and coalesce with them. 
This proc:cs.~, repeated many times over, can ulti
mately rnsult in tlw droplets growing to rnindrop 
dimensions. These considerations suggested that tlie 
introduction of larger droplets into the base of a 
clou<l in which an up-draught existed might stimulate 
::md acc:elcrnte the process. Experiments are, therefore, 
being caniccl ont t·o cl1cck this ·prediction; if it is 
,·erificd, tl1cn obviomly a •poll'erfnl method of stimu
lnti11g rain from 11011-freeziug· clouds ( on which dry 
iec a11d ;;ilYcr iodidr 11:ll'e no effect) would become 
11rnilable. Difficulties ha,·e been met in obtaining and 
fitting 1:lre necessary equipment for releasing adequate 
quantities of water droplets of appropl'iatc size from 
an aircraft ; in co11sequcnce the met.hod has been tried 
on only elrven oceasiom. On four of these rain or lrnil 
appeared sho1·tly after tire spray was released and on 
si x other occasions ti istiuct modification of the cloud 
form was obsened . The method therefore appears 
•promising, but many more trials will be necessary 
before it i;; known with c<' r tninty "·hetlw r the cffrrt~ ~r, 

far ohse1•1'Ml \\'C'l'e dnr to the int.l'ocluctio11 of tlie water 
spray . The tPehnieal difficulties rcfoned to al'e l1ei11g 
oyercnn1e and :wtive experimental work witl1 this 
mrtl1ocl will shortly he resumed. 

10. O1.oro PrrYsics. 
(o.) Fcrliral ,-lir Jlelocif,JJ.-A knoll"lcdge of the 

,·ertieal floll' pattern ll"it.hin convectil·e cloud!' is par
ticularly relevant to an understanding of their develop
rncn t ancl of the growth of droplets within t,hen1. This 
1111.~ JH'Ol'ecl cliffiC'ult to measnre. Earlier methods 
using "ll'i11dow" (a l ight-reficcting material used 
durinp: the last war to confuse the enemy's radar) 
p1·ovcd UJISH tisfactory because its natural rate of fall 
varied as tl1e paper stiffening material became wet 
within the cloud. The use of very short lengths of 
nne wire has been fried but the most •promising 
method nppcars to be the nse of light-ll"eight paper 
spheres c:o:1te<l ll'it.11 alum inium foil . These may be 

"sce11" iucli,·idually by a radar set au<l their move-
11Hm t, whic:h is a function of that of the air in which 
rliey arc floating, plotted . 

(b) ('/vial l l'aler Oonleiil.--:It is important to kn?w 
how the arnou11t of water lil droplet form -ranes 
ll'it!Jiu a c:loud and few relia ble measurements of 
this appea r to lrn re been. made. A S'p~cial ~nstrument 
h:1s been clcsigu cd for tlus purpose wh1cli gives a con
Li11uu11.· record 011 being carried througli a cloud in 
an Hircraft. 1\ strip of absorbe11t paper is exposed 
:i nd the cloud droplets are collected on i t. 1~ change 
in tl1e clectric:al resistance of the pa•per stnp takes 
pl:icc and these changes in resistance are recorded. 
M casuremen ts made on cumulus-type clouds of 
111odenite depth show tliat the amotmt of water in the 
c:loud increases <>radually from the base of the cloud, 

o .dl reacl1es a U1aximum, a11d then decreases rap1 y 
towa rds the top. The measurements also show that 
tl1cl't' al'c· vel'y marl-eel ,·al'iat ions in the water con
tt•JJt in a11y horizontal tra,·erse of a cloud. 

(c) Cloud Drop Sveclra.-U.sefu l information has 
been c:ol lccted on the ,·ariations ill size anJ number of the 
droplets of which typical clouds are composed . These 
obscrrntions are made by a sampli11g process. -'i. .small 
cylinde1· coated wit]1 magnesium oxide is exposed 
a11t·o111atically for a fraction of a second from an air
<·1·aft in flight. When a cloud droplet hits this cylinder, 
it pl'oduccs a permanent crater in t.he coating. The size 
of thi • .., Cl'ater is proportion11l to the drop diameter 
and call be measured at the conclusion of the flight. 
T he results indiratc that clouds which form over the 
,ra ro11tain fell'cr and larger drO'ps than those which 
ha,·e passed o,·er land massci::. Such a result could be 
rltH' to differrnces in the m1clei on which eonden
sat.ion takes place in the r espectire air masses and is 
likely to he a Yitn l fac·tor in t.be formation of rain. 

]J. ll't'.1::11 .\11< 1Nr ESTJGATlos . 
(a) ll'·incl Jle11s11r1·me11/::;. al Oreo/ Heighk - Re.cent 

d<'1·dopme11t,~ in hol:h ciril aud m ilitary a,·iation make 
it r:bl.l' t hal operational heights of 30,000 feet and 
greatm· al'c likely soon to be in regular use. Little 
i~ known of !ht• p1·e1·aili ng ll'inils at and ;,hoYr this 
nl t.itudc, pal't.ic:11larly iu tl1c Sonthcrn H emisphere. 
Some pl'e1·iom, c•xploratory \\'0 1·.k by thr Di,·ision 
,;ugge~t.;; thal tl1e win cl pattern is probably similar to 
1"11nt in tl1c N 01-t;hrrn liemi~phere, bnt s.vstematie obser
rnt io11s Ol'er an cxtendrd period will be nceessary to 
<·stahfoh the up11c1· air wind data with sufficient, 
a('(•111·a ty for operntional nse. 

Tile tl'ncking of specia 1 reflecting balloons l.iy radar 
offel'S an cxcclkut method fo r· crnluating the ll'incl 
structure at various heights, siucc sucl1 observations 
C'an lie nHHle to mnch greater r anges thirn hy 1°isual 
111ea 11~ and equnlly reliably undc•r a11 conditions of 
ll'entl1er and l'isibility. .\ radar set specially adaptrd 
fo r this purpo.~c hn s bren bu ilt on the rnof of the 
Laboratory and rcp:nlar ohse1·vations with it are about 
to C"Ommence. 

(/J) ffo111i11!/ (!/iclet.-J?or n11:asu1·r111 ent of meteoro
logical conditiom other than wind yr]oc·itl and direc
tion nt great h eight~. it is 11er.cs,ar;· to c,11Ty appro
prilltc instrument~ to these heights. "Excluding cases 
in ll'h ich ail'C"rnft are used, most oft.he present methods 
make u.~c of ;:mall rndio fransn1itters wl1ich are rnrried 
a loft hy h~,cJrogen-filled balloons. In only a very 
,>rn11 II perrentar:e of rase:;, howel'cr, a re the instrn
rnc•nt,; 1wo1·rrrcl. Thr Di~·i ·ion i s dc,·rloping n rndio
C'Oll !Tolled gl iclc1· to be ta ken n p m HI re lensed at the 
de~irrd height h;v the balloon. .\.f-tf-r release the glider. 
in it;; rleseent, is direrted nntomaticall., to,rnrds a 
trnnsrni tter on thr ground :ind hrnC'P i;; l'ccon'rn blc. 
Dul'ing th(• .ve:11· t~;,-o ex perimental flying-ll' ing-type 
111odrht of :3-ft. ~pan and capable of cHrrying n ·pay 
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lou<l (e.g. of meteorological iustnunc11t~) of 1_2 lb. hare 
beon completed and flown_ uHder _manual n~d10 _control. 
Derelopment of aut~mat1c hommg gear for_ rnsta!la
tion in these models 1s well advanced. In this pro.1ect 
co11siderablc assistance on aerodynam ic problems bas 
bee11 gircn hy the .:\ eronautics Department of tbe Uni-
1·crsity of ~ydney and, on the use of 1·eneers for the 
construction of the tlying models, by the New South 
Wale,; Forestry Commis.~io11. 

12 . .Ex1•.E<JTAT10K OF M Ol'\Tll 1. r H.11K v,11 .1. 1 x 

SouTH .\.us-rnALTA. 

The Jecision to increase the scope of t.his investi
gation was mentioned i11 last year's Heport, a 11d durillg 
the period 11011• u11cler reriew all calculatiom for the 
agricultural areas in South A11stralia were co1wplcted 
and .)vork on data from t l1c pastoral regions begun. 
For t.lte agricultural :tl'(JaS the resul ts iuclude the 
prolrnbilitic., tllllt the season will ope11 and terminate 
i11 spcrifie<l months, and also the prnbahilit ics that the 
season during which the rainfall in snrressi l'C months 
\\'ill exceed the amou11ts r equired to balance lll'erage 
potential erapo-transpil'atio111 will ht: of specified 
length. 

J3. T11i,; DJ-:Ti-:1n1rx.1no~ OF I<AIJ\FALL lsou-.:wrs. 

The <le1·elopment of climatology in .\.ustralia during 
reecnt years has made it increasingly importaut to 
know as accurately as possibkll the position of rainfall 
isohycts. An i111·estigation l1as ther efore been initiated 
witli the object of developing a technique for the con
struct.ion of isohyets, by tnking the altitude and posi
t ion of l'Cco,rding statio11s into account. 

Whe11 this work Las hecn coinpletecl, it will be 
possible to cletcn rrine the •preci:;ion \\'ith w)1ich rainfall 
at any one sta tion Ntn be predicted from value~ uf 
t.he snrne rnriate at neighbouring ~ta l'io11s and, more 
important still, to determine the density of obsel'l'ing 
stations required to ·provide any as.~ignecl ac:cnrncy to 
Ilic prcdi0ted rnlue:;. 

XXVlll. EXTHATEHRESTHL\L PHY8iCS. 
1. GsN.ERAL 

The 11snal 111c1hod of olJscrYiug t hl.' S1111 or f·h<' Moon 
or the my,riads of other astronomical bodies is by means 
of l'lw li~ht th&_y •emit. It is no11· possible to make 
simila r obserrntions b_y mc:rns of radio wa1•e~, and 
the Division of Radiophysics has takc11 an impo1·ta11t 
part, in the development of this ]lC'\I' s<·ien<·e. Ob~cr
l'll(iom, h,ll'c \;:,en made of the radio wa1·cs emitted bv 
the Snn, the Moon, and the i i ilky Way, and tl1c3~ 
obsc:rrntions arc contributing impo1·t:rnt new facts t1J 
um knowledge of the Uni,erse. 

Thr work of the past year falls in to two cli1·isiu11:-;, 
rrlatinp; to the Sun and to the unil'CI se beyornl the 
~olar system, a11d is described in Sections 2 and 3 of 
this Chapter. 

The Division of Physic:; has co11t.inuccl its in1·estiga
tio11s on visible and ultrnri olPt radiation from the 
S1111, and thesc are reported in Section 4 . 

Work by tl1e Radi o Research Doal'(l on thr effect, 
011 tl1c upper atmosphere of pal'ticlc radiation from t.lv~ 
Su11 is d<!sci,ibcd in Ohaptcr XXVT, Section -!. 

2. IlADIO ,v,\\'ES FRO:\[ TIIF. S1.:N (S01.AR No1sE) . 

Systematic measurements of tlie intensity of radio 
ll'avcs from the Sun have been continued 011 \\'rtYe
lengths of 3, 10, 25, 50, 300, and 500 centimetres and 
some measurements made on 17 met.I-es. Obsrrvll
t.ions of the posit.ion on the solnl' disk of "radio" 
disturbnn<:E"S !lll cl of tlie polariza tio11 of w11 ves fro111 
tl1em 011 ll ll'fll'elength of 3 metres linv0 co11tin11C'tl. 

.tt1u1pme11t for two uew serie:; o{ llleasu1•ewe11Ls ts 
bemg co11structc<l. The first will give the spectrum of 
solar <listurbanccs 0l'er the wavelength range 1.2-10 
metres in o·rder to provide an extension of the observa
tions taken last year o,·er the range 2.3-4 metres. The 
secoHd equipment will have a sufficiently narr ow beam 
LO pick out smalJ active areas on the solar disk. lt will 
uperute at a wavelength of 2G centimetres. Tbes(3 
arcus, which are distinct from those obserred on the 
:J-11wtrc equipment, were observed during two eclipses 
l'isiblc iu Austra lia in recent years, but it is clea,rly 
<lcsirnble to be 11ble to observe th-e changes in thenJ 
ll'hich occur from da.v to day instead of being restric:ted 
to the rare occasious on which eclipses of th-e Sun o·ccur . 

The most important new obse1 vation during the year 
was that th-e base level of radiation, which is due to 
tlierma1 emission from the hot gases of the solar 
a tmosphere, fell ma:rke<ll,y i11 the decimetre r ange of 
wavelengths as the sunspot maximum reced,ecl. This 
lll11st be due to a maj.or change in the solar atmosphere. 

With regard to the various forms of distur·bance 
recorded, observations ha,c mainly substantial hypo·
theses reached last year. On decimetre wavelengths it 
'.1ppcal's probable that the slowly varying component 
1s due to thermal radiation from localized regious in 
the solar atmosphere of gas at a temperature of perhaps 
10,000,000° C. The 25-centimetr.e equipment under 
c;onstructiou is designed to locate these. On longer 
wa,·clengths the prolonged disturbances known as 
"noise storms" have been sho1rn to· originate very 
high in the corona. Their existence depends on 
t·l1e presence of an exceptionally large sunspot, and the 
~,•nse of rotation of the polarization of the radiation 
<'111 itted ( ll'hich normally is circularly polarized) 
<h·pends on the magnetic pola-rity of the spot concerned. 
Tim~ it seems proLn blc tlrnt the "J1oise storm" is 
d ne to the pe11etratiou of the magnetic field of a 
~n11spot to a s uificiently high le\·el in the coro1rn, but the 
mccltanism of the gene1·ation of the radio waves is not 
known. 

The intensc but short.-li,·ed dis t urbances kn01n1 as 
"onthn:·sts ", whi c•lt arc associated with sola1· fl.ares, now 
a ppcar to be almost, certainly associated with the ejec
tion f.rom the S nll of those clouds of particles which 
lrarnl to the Earth an<l, on their arrival cause tenes-. 1 , 
tn;i . auroras and mag11ctic storms. The source of the 
radiation is seen to morn r apidly acr<YSS the <l isk of the 
81111 at the time of ejection of particles. Tf t.llis 
hypnfhesis i,; acteptea, the radio waves can 110w be 
11tilizcd fo stucl,y the emission of these pa,rticlcs. This 
ll' aS not previousl.v possible because they do not appear 
to· c-rnit visible light. 

3. Cosimc R,1010 'NAY.ES (Gos:.urc No1SE) . 
Obscnations of cosmic l'ndio waves have been 

exte11dcd to both Jongei· and shortc1· wa1·elengths than 
1·lwse previously used and a s111·1·ey of the" ra<lio stars''. 
using- a wavelength of 3 metres, has been completel 
On the relatfrely long wa vclength of 15 metres a 
sur l'e_y of the distribution of eoslllic noise oYer a zon~ 
of t l1e sky h11s been completed and a number of radio 
sta rs in this zone obsenecl. Ou the sho1 t wa,·elength 
of ~,i_ centimetr es a similar survey was possible iu the 
ncrn 1_ty of _t.he galactic. c~ntre only because of the verJ 
low 111tc-11s1ty of raclrn t1011 at this \\'avelc11gth . ..:.\ 
number of radio sta,rs and an object of a diffo~~ nature, 
,rere o·bservecl. 

Tl10 wares are obstructed to some extent on the1 r 
way t,o 11s. The rndio stal'S sho11· fluetua tions similar to 
t.lte fami liar twinkli11p; of visible s tars aud ou tbe 
lo11g1•r wavelengths, definite absorption effects :ire some
times noticed. Some 01: al) of th@se latter effects appear 
to be due to the tonestnal 1011osphcre and arc mc11lioned 
in rltnptcr XXVI., Section 2. 
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The most direct evidence 011 the nature of ra1io 
:;tars would be· from the identification ot the~e witu 
Yisi ble stars. Out of abou t 100 known rn<l10 star;; titer,• 
arc only three which have been even p r ovision_ally 
identified. A fur ther attempt to l ocate the ver.}'._ ~right 
radio star in the constellation of Oyg·nus suf:ltcien t!y 
accurately to identify it with an optical ono agarn 
failed. 'I'he location fell in a unifor m field of thousau <ls 
of stars wit h no outstanding object in the vicini ty. 

A11other method of getting information a~ou~ t~c 
n,dio star s is through a statistical study of their d1s_tn 
bution in direction. The brightest visi ble ~ta1:s, w1uch, 
broadly tend to be the closer ones, a-re d1str1buted at 
l'andom'. whik the fainter ones are concent~·atcd towa~·d;; 
tlic pl~ne of the Milky W ay. P resent evidence, wl11~h 
is l imited by the fact that the_ n ~1mber• of known ra~to 
star s is unduly small for statisti~al purpos~s, su~g?:;t:1 
that the bright r adio stars, u nlike the bnght v1s_1blc 
oHcs, are concentrated near the plane of the :?111lky 
vVay. . . . 

If we assume that all the cosmic radio waves al'c dut: 
to the inteo-rated effects of radio stars, it is possible, on 
ce1·tain fu~ther assumptions, to estimate the nttmber 
of radio stars ai1d the power emitted by eacl1. S1_1ch 
au analysis ho s been made and leads to the conclus1on 
tha t the nul!lber is probably ver.r great but 11ot so great 
as that of the optical sta-rs. 

Turning to the question of the shape of t he Galaxy, 
radio evidence was presented last year to show that our 
Galaxy is a s pirnl. Th~ obserrntio·ns have been fn!·thcr 
examined and an estnnatc has been made of tltc 
distribution of r adio sour ces, ""hioh probably \1 roadly 
follows that of the s tnrs, in the cen trnl regions ot 
U1c Galaxy. 

-1. V1s1HLE , \Nn ULTHAVIOLET HADIA'l' to:-. Fno~c nm SuN. 

Ofliccrs of tho Light Section of tlic Division of 
PIJysics engaged in sol a1: phj'.sics l1_avc_ conce~1tr11tcd 111 
tho p:nt _ycal' on theoretical 111Ycst1g·at1o_ns of tl!c pro
cesses in the Sun's chromosphe re associated ,ntlt th<' 
emissi on of visible racliation, aud the constrnctio11 of 
a spectro]icliograph for photographic study of details of 
the S1111's surface. 

E~tensive calculations have been maJc of the radia
tion emitted b_y a solar atmosp her e of pure l1ydroge11 
nuder vario·us conditions of ternperal;u l'c and pressure, 
chosei1 -as fa r as possible to agree with physical con<li
tions in the sol a I" chrornospl1crc. The uncer tainty in Olli" 

kuowlcdo·c of the chromosphere, particular lywitlnespect 
to its te~peraturc dist1·ibution, coupled with the 11ece~
sarv simplifications of the model a tmosphcr e used; 
makes it difficult to obtaiu a direct eompa,rison of t he 
calcuhltions with obsonatio11s. I t is possible, howe\·er, 
by collsiderinp; the hydr ogen light obsen _-ed to be _emitted 
by the Sun in the visible and ultranolct regions, to 
put a limit on the temper ~ture of the chromo~phcrc 
as norurnll_y o·bsen ·ed. Tt 1s hoped that extension of 
this work to a tn,osphcres composed of ~thcr el_ements 
presr.nt in tlH' chromosphere. _ma_y h~lp m so·l nng- the 
problem of tl1c temperature Cllstnbution tlicre. 

Progres~ i n the constru<:tiou o[ t he 111.cclwu icnl 
pnr ts of the spectrolwliogr aph has been delayed by 
other lll'"'cnt projeet5 in tlw ~at ional Sta11dar d~ 
Labornto1'.~ wo·rkshops, and the speC'ial filt~r for _iso_bt
inp; a very narrow _ban~l of monoc~romat1u rndrnt1on, 
order er] a _ye:u ago, is still_ to be delivered ?Y the_ rn11nn
facturer i11 France. A simpler filter wluch will pas~ 
n wider spectral band, suitable for the photogrnph;r 
of prominences, is being constru_cted i1~ the laboratory 's 
optics workshop, and e]ectrom c eqmpment h as been 
dcsig·ued and partl_y assembled to e~rnlJlc the spcctro
heliograph to follow the Sm1 au tomat.1cally . 

In m11thematical investigations of the pro-cesscs 
occun ino- in the Su n's cbromospl1erc, it is necessary 
to consider the moti011 of electrons in clech-= "! rnd 

wugnetic fields. Ar isin~ out of_ these st~<li_es a s~lutio11 
bas been found to an rnterestrng theo1et1cal prob~elll 

· h h d · f chargo<l 1Jart1cle c:oncernmg t e pat an ene1gy o a . . . 
llloving in a magnetic field which van es at a mufo1111 
r ate. 

XXIX. A·roMIO PI1.Ys1os. 
1. G ENEllAL. 

The O1·ga nizatiou is co-operating with the_ Physics 
Dc1)art111en t of the l;niYersity of ~elbourne ill _a p1·0-
grammc of research on nuclear physics and ~osm1c rays 
under the direction of Professor L. R . Martm. 

Uo-opcratin?. investigatioi!s 01~ cosm~c rays _are also 
being undertaken at the Unn-ersity of rasmam~ under 
tlit: direction of Profes:;or ..d.. L. McAulay. This work 
i~ descr ibed in Sections 2, 3, and 4 of this Chapter. 

By a1-ra11gement with the 9ommonweal~h D epar t-
111ent of .Health the Tracer Elements Urnt bas co-11-
ti1111e<l to oper ate in association with the Oommon-
1real tl1 X-ray and Radium L abor atory under the 
g-r•nt'ral supenisio11 of the dil'cctor, D r . C. E. Eddy. 

.l. .1.~ ucu:A1i PHYSICS. 

(a) 1Jisi11leyrnf-ion of .uighl Elemenls.- Experi
mcn ts on the augular distr ibutions of disintegrat~on 
products from light targe.t n uclei bombar ded with 
deuterons aud protons have been continued. 

Earlier 1·esearch reports described experiments on the 
angular distribution of ailpha particles in t he Li(7) p.a 
reaction. Nuclear emulsion plates were used to record 
1 lie alpha particles, the distribution of which was fou nd 
to be capable of repr esentation by an expression the 
J.,rm of which indicates the presence of f as well as p 
protons in the re.action emu when the proton energy E 
\\"HS less than 1 MeV . 

Tl1e experiment has been repeated using scintillation 
conntcrs to r ecord the alpha particles. The experim ent 
1rns designed specifically to test the. evid~nce of an 
unexpected resonance near 400 keY . and to improve the 
prccisiou of the measurements near 1 Me V . The. latter 
was i1upo1·tant since .American work ext ends over a 
1·1rngc of protou energies from 1 1.IeV. to 3 MeV. and 
the p 1·ecision at l Tufo.V. is rather poor. The variati011 
•>f A (E) \rith proton enugy Las been studied theoreti
cally by lnglis aud the exact placing of a maximum in 
. I (E) near 1 1vfo\T. is sig11i:ficant in the evaluation of 
pa rainetcrs in t he theoretical expression for the angular 
distribution. _ \ tletailecl st.udy of 11 (E) near 400 ke V . 
fa ilr.d to cordhm the cvideuce of earlier measur ements 
of a n isoaance at 400 kc V . 

The augula r distribution of the alpha particles in 
ti1c Li(6)cl.a reaction has becu measured for deuter on 
Pnerg ic, hl"'tWCC'll 200 ke V . and 1 :Me V . T he nsymmetry 
i, fouucl to br represented by an expression consistent 
11"itli the incrrasing; penetrability of tlw centrifugal 
ha1Tie1· for (l 1rnvc deuterons. 

"Iii the L i ( 6)d.p rrachti o11, two g1·ou1;s of protous arC' 
oh~Pr H·cl, the shor t-1·angc group being ussociated with 
tlH· form ':1io11 of Li(i) in au excited state. T h f) 
:-11g11hu· di;;trihutio11s of both groups of protons have 
liecm rncas ured \\"itl1 nudt·ar cmnlsion plates, special 
1tl•n•loprnent pr oC'1::S.0 C's bei ng med. to di:ffere.utiatr 
hctwren J)TOtons and the alpha pnrtidus drseribcd 11bovc. 
Pmc isotopic targets of L i (6) "\YCJ"C produced with thr 
;; id of :i modified 111nss spectromd 1' r . 

Tt lu1R bce11 found that the long:-rauge proton group 
,-,ho \\"s tl,e greater complexity in t his angular distribu
tion . Tlw forrn of the d istributions fayours the 
assignmc.nt of spin T = } for the excited st» te of Li('7). 

Prcliminnr y experiments h aYe been made 011 the 
:rngular distribution of tri tons and hel ium (3) n uclei 
from t11c intc1·artion of deuter ons w ith deuterium 
1111clri. An electro11-m11lti pl ic.r has been const ructed 
which dl"'tcwts the H(3) anrl J-Te(3) nuclen.r particles, 
frnm mc-as11remen ts on which i t is possible to deduce the-
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differential yield curves for protons and neutrons i_n 
the reactions D (d.p)H(3) and D(d.n)He(3). It _1s 
hoped in this way to a void the difficulty e~pene~1?ed m 
p1·evious experiments of measuring the mtens1t1es of 
high-speed neutron beams. 

(b) Electron Synclvrotro11.-The electron syn?l1ro
tro11 is now runnii1g at approximately 15 Me_V. with a 
1uaximum output of some 30 g. radium equivalent nt 
a distance of one metre. 

A study of the anrrular distribution of the X -rays 
produced ·by the electi~n beam striking a thin platinum 
target has been made using small ionization chambe1:s. 
In an energy rauge of 10-14 ~e V. the result_s are m 
good quantitative agre.ement with the theoretical pre
d ictions based ou the theories of multiple electron 
scattering in thin targets and of the polar diagram of 
Lremsstrahlung. 

The disintegration of the deuteron into a proton and 
ucutron b_y X -rays of quantum e1~ergy in e.xcess of 
2 McV. is a powerful means of studying problems of the 
neu trou-proto11 in ternction. Preliminary work has 
been completed in whicl1 raJ.iation from the synchrotron 
!S used to disintegrate dcute.rium contained as a ~as 
target in n Wilson expansion chamber. Specrnl 
synch1·011iziug apparatus has been developed to operate 
the synchrotron in conjunction with the cloud char~be~·, 
mid a statistical study of the range and angular d1s~n
bution of the. ejected protons is made by photograpl1mg 
proton trncks with t1Hee cameras. 

3. Er:ECTROSTATIC G ENERATOR. 

The constrnction of a four-belt electrostatic generator 
l1as been completed. The maximum operating voltage 
is approximately 800 kV. nnd short circuit charging 
1.:ur1·ents up to 1.25 m1:.\. ltave been mea,m rC'd. Th,· 
accelerating tube has been built and a satisfactory 
focusing e1ectrode system developed for the r.f. source. 
The beam is nnalysed with a 90° electromagnet aml 
stabilized. 

A study wns made of tlte rnlatiou between short 
circuit charging current and the ambient temperature 
and humidity. 1\11 air-conditioning plant bas been 
installed which maintains optimum conditions, with 
rclafr,c. humidity less than 45 per cent. at 60° F. 

The generator provides beams of several hundreds of 
microamperes of protons and deuterons between 100 
:i nd 700 kV., intense beams of neutrons, both fast and 
slow, and gamma rays of quantum eJrnrgies up to 
17 :MeV. 

At presen t experimen ts are proceeding on the 
Li(7)cl.a reactio11s with n Wilson expansion chamber. 
In these l'eactions the compom1d nucleus Be(9) cau 
bJ"eak up in altc.mative modes, He(5) + He(4) 01· 
Be(8) + n . The first reaction l eads to a couti.imous 
distribution in energy of alpha particles, the second to 
a homogeneous gl'Oup which derives front Be(S) • 
2Rr (4) . Quanti tntivc studi.c's lta\·e _vf't to he mad,, 
on these alternuti,·c rcactio11s. 

In the prcseu t experiments dentcrous are introduced 
to the C'X pa11sion c1iamber through a very thin mica 
,,·i ndow and bombard n tbin li thium target mounted in 
the centre of the charnheJ·. AJpba particles of thr 
second reaction ma.v be d istinguished by their range 
and the fact t.l1at they must occur in oppositely directed 
pairs. 

Otlier experiments under cousidexation with this 
high-intensity generator arn tl1e study of the angular 
distributions of the gamma rays from the excited level 
of Be(S) with a 10-chnnncl pulse unalyse.r and anth
race11e sci11tiJlatio11 connter; the forward scattering of 
3-Me V. neutrons by clcutet"Ons; the angular distribu
tio11 of the light products in the D-D reaction; and the 
nngular distribution of a lpl1a particles from th e Li (7) 
p.a reaction in the range 50-250 keV. 

F.6054.- 9 

4. OosM1c Ravs. 
( tt) Nuclear Interactions. - Nuclear emulsions, 

llford G5, 400 microns thick have been carried by 
balloons to heights of the order of 90,000 feet. These 
emulsions register the products of the. interaction of 
c:osmic-ray particles with atoms of the emulsion. 

A statistical study has been made of nuclear disinte
grations which appear as stars in the developed emul
::iion. Stars Lare beeJt obtained ( with as many as 32 
pt"Ongs) showing the evaporation of the target nucleus 
b_y charg-ed and uncl1arged primary particles with ener
gies greater than 50 BeV. Primary particles have been 
observed with musse~ up to 10 p roton masses. 

Interesting examples have been observed of a new 
interaction in \dJich a neutral particle (mass approxi
mately 2300 electron masses) decays into a proton and 
a meson. 

Rece.ntl.r an event has been observed in which a 
11cutral particle of energy 20 BeV. interacts with a 
p.-oton to g ive throe colliuear minimum ionization 
lrncks, one of ,,·l1ich is identified as a meson. Evideucc 
has been found of electron pairs produced by the 
materialization of gamma rays . which probably Lad 
t!, eir origin in the decay of neutral mesons produced in 
the primary event. Tbe analysis of the whole event 
should be of importance in the, theory of meson produc
tion which at p resent is iu a state of flux. 

(b) Cosmic-my Svecti·ometer.-'l'he investigation of 
the momentum distribution and positive excess of 
mesons is being continued with the cosmic-ray spectro
mc.ter. The results obtained in the vertical direction 
are complete and have been published in full. Two 
interesting features of these results are that the 
111omentLllll dist1·ibution shows a marked increase of 
slope above a rnornoutum of 1010e V / c., and that the 
+!- rntio of meso11s inc·1·e11ses at D-1'st with increasing 
111ome11tuw, reaches a maximum at approximately 
.-, X 1ou cV / c., and then nppears to decrease slowly 
for further increase of momentum. 

Tho expe.riment has been repeated fo r zenith angles 
of 30° and 00° to the west and further measurements 
are in progress at zenith angles to the east. 

A11 experiment has becll designe.d to study the rela
tion between the probable ionization and momeutum of 
high t:nergy charged particles. 

.\ proportional counter filled to a pressure of 86 cm. 
ll~ witl1 a mixture of argon and ethylene ltas been 
inscrte<l in the cosmic-ra_y spectrometer, giving a simul
t:mcous measurement of both the probable ionization 
aud momentum of the cosmic-ray particles. 

Preliminary measurements have been made on some 
~00 particles capable of pcnetrnting 10 cm. of lead and 
haYing rnomcnta greater than 2.4 X 108 eV / c. These 
rc<ults i11dicate t.hnt for /J· mesons, the probable 
ionization does not show the theoretically expected 
inc rease with energy above the minimum of ionizatio11 . 
Prelimina ry results baYc ken publisbecl. 

( t) Sh or/-/ imc T11/crvals of Gos1nic-raJ1 01·igin.
'l'he l1igh-speed spiral time base-chronograph which was 
d,0 ,·c•lopea fo1· the rncnsu1·crnent of the lifetimes of 
m,•.,nni<, aucl used for this purpose, l1as now been applied 
to the :,tucl_y o f ot.he1· sl1ort-ti.mc iuten°als of cosmic-ray 
orig-i11. u~iJJg ordinary Geiger cotmtcrs to detect tl1e 
1,nssage of the particle~, and in spi te of the relativel.v 
la rge reaction times of these counters, the time of flight 
nf cosm ic-ray mesons over 5.45 metres bas been detected. 
ft is 1.9 ± 0.5 X 10- s scr ., which is not significantly 
diffc1·C'11t from the 1.8 X 1 o-~ sec. that would be 
n•quired at the velocity of light . 

f t is believed that this is the first direct n1easurement 
~howing that the penetrating cosmic-rny particles tra,·el 
with the Yelocit.y of l ight. 

When the npparatus was triggere.d by extensive air 
slt oll"ers, n11d the difference between the time of firing 
of an unsl1ielclcd counter tray and one shielded with 
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tO cm. of lead was recorded, a time lag of 2.1 + 0.4 
X 10-8 sec. was proved to be associated with the 
sl1ielded tray. The mathematical analysis, as far as 
it has g·one, indicates that this lag can be explained by 
un internal effect. This rueans that the vast majority of 
the particles near the core of an extensive ai r slrnwe1· 
must arrive a t the earth's surface within a tirue interval 
very much less than 10-8 sec. 

(d) Sfr·uclttre of Go~mic-'ray Showers.-Air showers 
of cosmic-ray particles were studied with the aid of 
two high-pressure ionization chambers together with 
a horizontal array of Geiger counters, consisting of 
a "master group" over one chamber and "analysing 
counters" at different horizontal distances. By obser
ving the rate of discharge of the array in coincidence 
with bursts of ionization in the chambers, information 
was obtained about the strncture of extensi'IJe showers. 
The sharp rise in the coincidence rate of an analysing 
counter as it was moved towards the master group conkl 
be explained only hy the existence of narrow showers. 
A similar ·behaviour of the rate-sepai·atiou cunre of 
tho two ioniiation c;hambers confirmed the existence of 
t}1is phenomenon. 

The burst-rate of a single chamber was subdivided 
into components due to extensive showers, narrow 
showers, and other · agencies. The exponent of thf) 
integral distribution in number of bursts of different 
sizes was found to be 1.5 for extensive showers and 
3 for narrow showers. The remaining bursts were 
assl.llled to be due to nuclear disintegrations in the 
chamber wall, small groups of high energy photons 
and electrons, mesons, a nd the N component. The burst 
rate due to nuclear disintegrations was found to agree 
with that calculated theoretically. 

Considerable theoretical analysis of chamber and 
counter data was carried out, with emphasis on the 
rate-separation cnrves and their dependence on the 
structure function of the shower. A new method of 
analysis of coincident bmsts of ionization wa8 
developed which helps to elncida te the structure 
function. 

( e) Absorption of Uos1nic Rays ·i.n Waler.- An 
exami11atio11 of the hard component of cosmic rays is 
being canied out by measuring their absorption in 
water. Depths up to !JO feet are available at Melton 
Reservoir. A three-fold eounter telescope measures the 
cosmic-ray intensity in a narrow cone about the vertical 
after the r ays have traversed 10 cm. of lead. A fourth 
counter tray measures the fraction of thjs radiation 
which is incapable of tra.\'er sing a second 10 cm. of 
lead. This will p rovide information on the integral 
and differential l'ange spectrum for the hard component 
in water. 

It is proposed to compare the results obtained with 
the momentum spectrum as measured directly in this 
laboratory by the cosmic-ray spectrometer . 

(f) Asymmetry nl Ih:gh La/,.itude.s.-:M:easmemcnts 
of t he high latitude east-west asymmetry have been con
tinued at the U ni\'ersity of Tasmania, Hobart. 

:3. TRACER Er,EMENTS INVESTIGATIONS. 

Tho Tracer E lerucnts Unit has continued to provirle 
ad\·ice and assistance to Anstral ian users of rndioactive 
isotopes, which find applications in many fields of 
scientific r esearch. Howc\'Cr, shor tages of laboratory 
accommodation and .~tn:IT hare restricted activities 
and made it necessary to defer several new investiga
tions. 

(a) Procurement and Distribut·ion of Isotopes.
Dur ing the year 64 shipments of eleven different radio
isotopes, totalling 1,443 millicuries, including labelled 
compounds, liaYe been rcceiYecl. The bulk of these 
have been obtained from the .Atomic Energy Research 

Establishment at Harwell and the R adiochemical 
Centre at i\mer.~ham. However , one shipment was 
from a United States of America commercial :6.rrn, 
one from the United States of Am.erica Atomic Energy 
('ommission, a nd several were cyclotron-produced 
materials supplied £re~ of charge by th~ Dep~rtD:ent 
of Terrestria l Magnetism of the Carnegie Inst1tut1on, 
Washington, 

Oft.he above :17 sl1ipme11ts, totalling 1,375 millic·urio,, 
of r adio-pbosp

1

l10rus and radio-iodine,. 1rere obtained 
for the Common wealth X-ray and Radmm LaboJ'atory 
for distribution for medical research, diagnosis, and 
t.reatment. The others were distributed for research 
pu1·poses to nine Divisions of the C.S.I.R.O., to ele~en 
departments of £.vc U niversi ties, and to the Koll~ng 
Research Institute, Sydney, and t he Walter and Eliza 
Hall Institute of Research, Mclboume. 

(7; ) frvvesf·igalions with Radio-iodine.-In the U.S<:: 

of radio-iodine for diagnosis and treatment, measure
ments of the iodine in tho body and in excretions are 
required. The Unit bns collaborated with the Roya l 
Melbourne Hospital int.his work. The relative merit of 
several methods of assessing thyroid function by radio
iodim· is being investigated. 

Assistance with radio-iodine inrnstigations of rat 
tumours and other biochemical problems h as also been 
given to the Department of Biochemistry, University of 
Melbourne, and a method fo 1· handling material for the 
radiation t hyroidectomy of mice h•as been developed 
with the D epartment of V cteriuary Physiology, Univer
sity of Sydney. 

( c ) Radio-chenvioal Synthesis and Proces,c,i,ng.
When isotopically-labellecl compounds have not been 
readily available from overseas suppliers, consideration 
has been given to their synthesis by the Tracer Elements 
Unit. Dw·i ug the period under review 014-labelled 
methyl ethyl ketone has been made for t he investigation 
of the Meerwein-Ponndorf r eaction by the Department 
of Chemistry, Universi ty of Adelaide. Trial carboxy
lations of Grignard reagents have been completed, 
enabling tl1c p reparation of acids such as acetic acid 
and phe11ylacctic acid labelled .in the carboxyl group. 
Preliminary work is also in progress on the labelling 
witl: 0 14 of glycerol, and a-ketoglutaric acid in two 
positious. 

In addition, sources have been prepared on particular 
types of mountings, or iu a particular chemfoal form, 
us required by various users. 

(cl) Pilot and Assay Experimenlsi.-Pilot tracer 
experiments and assay measu1·cments have been made 
with se,·eral O.S.I.R.O. Divisions and other organiza
tions. These ha,·e included collaboration with the 
Irrigation Researcl1 Station, Griffith, using long-lived 
radio-sodium, Na~\ to follow the movement of .-;alt in 
the soil, and with the Walter aud E liza Hall Institute 
of R esearch in the assay of Ql4-glycine. 

D iscus~ions hnve also been held with several incius
lrial -firms in connexion with tracer applicatious and 
experiments a re planned in collaboration with a fi;·m of 
chemical manufacturers for t racer studies of yields in 
industrial chemical processes under different conditions 
of plant operation. 

For assay work, primarily of OH-containing samples, 
wet oxidation methods for the production of barium 
carbonate arc being dc,·eloped. 

Tbe continued • •rong demand for r adio-active assay 
equipment has bet•fl met with the help of the Organiza
tio11's Central Experimental Workshops. Further 
batches of cylindrical and encl-window types of lead 
castles of improved desig11 are under construction and 
a prototype castle with an annular recess for p~wder 
snmplcs is under tc8t. 
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(e) lnformution.-During the year information on 
available isotopes, equipment, and tracer methods has 
been supplied in response to inquiries from Australia 
and overseas research workel'S. It has included se\'eral 
roneoed reports and some lists of references on appli
cation of isotopes to particular problems. 

In addition, during August, 1050, a four-day Con
ference on Applications of isotopes in Scientific Re
search was organized j ointly by the Department ~f 
Chemist 1·y, U 11iversity of :Melbourne, and the Organiza
tion. The conference was well aLtended by representa
tives from most Australian research groups and from 
a number of industrial firms. 

XXX. hlATHEMATlCS. 
1. GENERAL. 

The Section of Mathematical Statistics, with head
quarters in Adelaide and officers located also in 
Canberra, Sydney, :Melbourne, and Perth, provides 
skilled mathematical assistance in the planning of 
experiments and interpretation of results for workers iu 
other Divisions and Sectious. The Section also under
takes research projects itself and these are reported in 
Section 2 of this Chapter, in Chapter VII., Sections 
13 ( d) and 1D ( b), and in Chapter :XXVII., Section~ 
12 and 13. 

The work of the Section of Mathematical Instru
ments is described in S ecLious 3 aud 4 of this Chapter, 
and work by the Division of Radiophysics and th1, 
Division of Electrotechnology on computing equipment 
and methods in Section 3. 

Further derelopmcnt Las taken place during the pnst 
year, with the es tablishment of two additional centres 
able to provide direct assistance to Di visions in the con· 
duct of thei1· experimental work. Participation in the 
Organization's activities is still limited by paucity of 
staff, but there has been considerable improvement in 
this regard, and the effect should be felt within a year 
or so. With this s timulus the outlook has become more 
encouragiug, a nd with the l'tatr now in trainin.,. for 
nltimnte attachment to various centres the Sectio; cnu 
reasonably expect fulfilment of its goal of rnaximu111 
assistance to the Organization's research programme. 

The na ture of tlie work handled for Uni\·ersitie$. 
Federal and State Departments, commercial establish· 
ruents, and independent research worker~ has been 
di vn •C'. and the rc.'qnen~ for such assi;;t:rnrc many. 
From time to time, also, tl1e Section is asked to provide: 
lectures on specialized subjects, and these, together witl, 
regular courses delivered within University schools 
of mathematics, sen-e to promote interest in mathC'• 
matical statistics and its applications. 

Sect,ion of ~fathematical Tnstrumenls.- The Section 
of Mathematical Instruments is located in the Electrical 
Engineering Department of the University of Sydnev 
and is concerned with the development ancl use ~f 
automatic calculating mnrhines nnd automatic control 
devices. The Section provides facilities for honours 
students in the Department of Electrical En,..ineerino 
t k ·1 . I:> ,, 
o wor · on speoia p1·0Jeets associated with its 

programme. 

2. STATTSTTCA r. :i\h:TJroos. 
(a~ 1~•.1·pr:ri111e11fal Dcsi911s.-:\. frrquently occnniu~ 

and important class of experiment is one in whicl1 
different treatments ai·e npplied in succession to tb(1 
same 1mit of exper imental materiol and under these 
eonditions it is necessary to consider tho residual effects 
of preceding treatments on the lntest treatment. For 
exa.mple, in crop rotation trials where the object is to 
determine the succession of treatments over n number 
of yenrs which will give the best results for the series 
as a whole~ the e_stim8:tion of the effects of previous 
treatments 1s of direct rntercst wlrnther the criterion is 

yield, market value, or the maintenance of soil fertility. 
1n other situations, such estimations may be of indirecL 
coucom only. Thus in feeding experiments with 
animuls, a series of treatments (rations) may be fed 
to a group of animals with the primaTy object of deter
minin~ which particular ration gives the best results 
accordrng to some predetermined criterion. The effect 
of previoµs tr~atment would be of indirect interest, and 
would be estunated only to provide a correction in 
estimating the effect of the treatment which followed. 

l_t has previously been reported that experimental 
designs balanced for the residual effects of treatments 
lrnYe been developed. This work bas now been extended 
to designs balanced with J·espect to the residual effects of 
pairs of treatments, thus facilitating further the 
interpretation of the results of such experiments. 

( b) Interpretation of Interactions in Factorial 
E x perimentation.-In factorial experimental designs, 
the treatments or factors under test are used in all com
binations to increa,se tho efficiency and comprehensive
ness of experimentation, and to broaden its inductive 
basis. The results obtained from such experiments pro• 
vide information on tho average effects of each factor 
and on the manner in which these effects change as the 
remaining factors are varied. Observations of this type 
are most easily interpreted when the effects of the 
several factors are additive, but frequently it is pre
ferable, and much more reasonable, to regard the effects 
of one factor as proportional at different levels of the 
remainder rather than constant, for example, in agri
cultural :field trials where the object is to compare the 
responses of a crop to various rates of application of 
different nitrogenous fertilizers, or in studying catalysis 
where the variants are concentration of catalyst and its 
time of contact with the substrate. 

This investigation was undertaken to determine the 
appropriate manner in which to make the statistical 
analysis of the results of such experiment~. 

(r.) Exact Tests of Significance in Discr·i1ninant 
Anolysis.-In various types of experimental work, sets 
of measurements of se,·erul characteristics are made on 
Pac·h of a number of individuals belonging to different 
groups. 1.\. problem that very often arises in the analysis 
of such. data is to determine whether a single linear 
function of the characters that ha\·c been measured can 
be us~d to di~cri?1~nato adequately between the groups 
to wh:ch the md1v1duals belong, and to e"nluate such a 
func~1011. For example, a plant ,pathol ogist may 
classify, on the basis of the degree of discoloration of 
theii- roots, a number of wheat plants into say four 
rlasscs ( slight, medium, severe, and very seve;·e) n~cord
inl!' to the severity of their infection with the disease 
known as take-all. To establish the objecti,ity of a 
classification of this nature, other characters of the 
plants known to be influenced by the disease are 
measured,. namely, number ?f ears per plant, height of 
p)nnt, ,\·eight of 1,000 grams, percentage grain, and 
yield. The problem is to determine a linear function of 
these measurements which will best cliscriminat" 
between the several grades of severity, and to establish 
that th~ origin.al _classincation bas resulted in a si~i
fieaut d1fferent1ahon of the four classes. The statistical 
analysis used for this purpose is appropriate also for 
plant 01: animal selection in breeding programmes, 
taxonomic problems, and so on. 

The work reported here was do.signed to increase tl1e 
sropc of exact tests of significance ,in this phase of 
multivariate analysis. 

8. CoMruTING EQUIPMENT AND METJlODS. 

(a) Analogue Compiiters.-The major work of the 
Section of Mathematical Instrnments on analogue 
computers has ~een th~ completion and putting into 
service of the differential analyser. In F ebruary the 
principal . parts of the machine were demonstrated in 
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arranged by the Australian Branch of the Institute of 
Physics. Since then the machine has been in constant 
use and much operational experience has been obtained 
by members of the Section. The problems which the 
machine has been used to solve include a pondagc 
problem for the Snowy Mountains Hyd.ro-electric 
Authority, a temperature distribution problem for an 
industrial concern, and the solution of certain equations 
governing the sensitivity of a bimetallic disk for the 
Department of Aeronautical Engineering at the 
University of Sydney. A number of other problems 
have been received and these, together with the wol'k 
already in hand, represent something like a yeal''s 
programme for the machine. 

In addition to this work, a very complete investiga
tion of electro-dynamical integrators was made by a 
final -year engineering student. 

( b) Dig·ital C 01npide1·s.-The usual process of 
cal'l'ying out computing work has involved the use of 
desk computing machines which can carry out an opera
tion, e.g. addition, in a period of the order of a second. 
Electronic computers, however, can be designed which 
pl.lrform a similar operation in a thousandth of the time. 
The construction and use of such a machine involves 
two separate but interlocking seri es of problems: the 
design and construction of the machine itself, and tile 
l'volution of new lines of apprc,ach to computing prob
lems which will make best use of the machille. In t hese 
respects help is available from overseas experience, but 
only in regard to the most general principles. There 
is not yet any standard form and each variant involves 
new problems. 

A large high-speed electronic computer bas been 
designed by the Division of Radiophysics and the con 
strnction nearly completed. The individual units an, 
operating and work is proceeding on the problem of tlll' 
interconnecting of units so that the machine may carr_y 
out assigned programmes. It is hoped that this phase 
will shortly be completed so that experimental computa
tions may commence. 

W 0 1·k in this field by the Section of :Mathematical 
1 nstrnmcrits has been confined to the investigation of 
new computing devices. Experimental work is at 
present proceeding on the development of a bistable 
mnltivibrator and gating unit having its elements 
enclosed in one envelope. The principle of operation of 
this unit depends on the deflection of the electron beam 
into various stable positions. A magnetic memory unit 
of considerable capacity is being constructed. Work 011 

tbe electrostatic storage unit is proceeding. Develop
mental work was carried out during the year on a servo
mechanism for synchronizing the pulses from a 
magnetic drnm with electronically generated pulses. 
Sur·h n servo-rnechanism will provide a means of eJiec
tively passing information between all existing types of 
memory unit. A considerable amount of work hns been 
do11e also on the logical design of arithmetic units of 
fixed and floating point coded decimal and binary 
machines. 

( c) Composite Analo,qite and Digital Co,nzniters.-• 
Some prel iminary work has been done by the Section of 
Mathematical Instruments on the problem of conversion 
of clata from analogue to digital form and vice versa 
in 01·der to explore the possibilities of composite type 
computing machines as well as the application of digital 
memory units to control systems generally. A final
year student in electrical engineering made a study of 
this subject during the year and submitted a thesis for 
his degree on "The quantization of analogue quantitie~ 
to a binary digital code". 

(d) Electronic Decade Ooiinter Titbe.-During the 
year a number of imp.rovements in the design of the 
scale-of-ten counter tube developed in the Division of 
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.Eleetrotechnology were made and full workin.g draw• 
ings, operating instrnctions, and _other matenal have 
been prepared. Circuits for couphng between counten 
and resetting to zero have been developed. 

A counter from O Lo 9,999 11sing four of the uew scale
of-ten tubes has been built, which shows that a con
siderable savin"' in weight and size results from the 
low power con;umption and simple circuits of these 
tubes. 

An electron ,path computer has been built and put 
into operation. 

(e) Punched-card Computing Jlfethods.-Work on 
ruethods of computation using standa_rd H~lleritb 
punched-card equipment has been contmued rn . the 
Division of Radiophysics and a number of computations 
ha\'C been carried out for this Division and for other 
bodies. The examples quoted below illustrate the 
Jivcrsity of problems to which punched-card method~ 
lwve been or are being applied:-

(i) Time series analysis of radio astronomical 
data. 

(ii) Fourier synthesis of X-ray diffraction data 
for the determination of crystal structurn 
for the Division of Industrial Chemistry. 

(iii) Computation of astronomical tables giving the 
zenith distance of the Sun at Sydney at any 
given time. 

( iv) Corn putation of a class of functions similar to 
the sine and cosine integrals, but of a 
generalized nature. 

( v) About 1,400 non-linear differential equations 
relating to water conservatiou have been 
solved at the request of the Snowy Moun
tains Hydro-electric Authority. 

( v i) Computations relating to the flow of air 
around droplets and on the evolution of 
cloud strncture have been made and furthel' 
calculations are in progress. 

(vii) Work on certain functions occurring in high
speed flow through nozzles is now under way 
for the University of Melbourne, as a1s9 a.re 
further astronomical tables and computa
tions related to the successive integrals of 
the error functions, &c. 

4 . SEitvOi!EC'HANISMS A ND CON'l'ROL SYSTEMS. 

Sen9mechanism studies by the Section of Mathe
rna tical Instruments are closely linked with the develop
ments in computing machines. In addition to their 
application in this field, work has been done on their 
industrial application. The Section is at present 
dernloping a position control servomechanism for con-
1 rolling , ~he trimming knives of a Callender machine 
used in the rubber industry. Some attention is also 
hPing paid to the problem of speed control and a final
yea1· student in Electrical Engineering designed and 
constructed an electroni c speed controller fol' a ¼-horse
power motor. 

XXXI. INFORMATION, LIAISON, AND 
LIBRARY SERVICES. 

1. GENERAJ .. 

Liesults froiu tlJC Organization's r esearch programme 
nre ma<le available in severnl ways to those interested 
in their application to the problems of industry. 
. Research r?sults are published through scientific 
Journals catenng for the needs of the various branches 
of s~ientific endcarnm, includi11g specialist journals 
published. overs?as. The Org~nizatiou publishes, in 
collaborat10n with the Austrahttn National R esearch 
Council, the Australian Journal of Scientific Research 
which is. issue~ in two ser ies., Series_ A dealing with 
tl1c phys1c11 I sciences and Sencs B with the biological 
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sciences. In collaboration with the Australian Insti
tute of Agricultural Science ?nd the Austral~an 
Veterinary Association, it publishes the Aus~ral~n. 
•! otwnnl of AgriC'ltlfo.i·al Reseai·ch. The Orgamzati_on 
1~~lf also publishes the Australian Journal of -:1,pvlied 
Science nnd the Australian Jonrnal of Jl1anne and 
lheshwaler Research. Longer r eports arc publ~shed in 
the Organization's Bulletin series. . T1:ade 01rcul~rs 
and newsletters are issued to provide industry_ v.:1 th 
technological information and articles of a snmlar 
nature arc prepared for trad7 publicatio1~s .. The 
01•0 ·anizatio11 also collaborates with other boches m the 
pr:paration of special pamphlets dealing with i ts 
resear ch results. 

The Divisions and Sections maintain close contact 
with the brnnches of industry to which their research 
programmes are related. Their information offi-cers 
and technical secretaries a11swer many specific in
quiries either from tl1e accumulated experience of the 
scientific staffs of the laboratories, or from the 
1itel'~ tu1·c. They are assisted in this work by the cent.ral 
Information Service and the associated Documentation 
and 'rranslation Sections. Tl1ese are located at the 
Head Office and theil' work is descl'ibed in Sections 
2-4 of this Chapter. 

The Agricnltural R escal'ch Liaison Section was est~b
lisbed in Fohruary, 1951, at the Head Office, to assist 
iu making results from ag ricultural r esearch of the 
Orp;anization availa ble speedily to -State D epartments 
of Agricultnre for use in theii- extension work. Its 
activities lll'C described in Section 5. Conta,ct between 
Australian ap;ricultura l scientists and tl1e Common
wealth Agricultural Bureaux is assisted by the pro
visjon of the necessary secretarial facilit ies in the Head 
Office of the Organization. 

As for as possible, direct contact is rnaintai11ed with 
workers in overseas laboratories. This is l1elped con
siderably hy visits ·overseas by members of t he scientifi1: 
staff, although the number of officers who can be sent 
fol' this purpose is limited. The liaison offices in the 
United Ki11p:dom -and North America, in addition to 
their work in interchan_ge of scientific information, 
are able to assist g reatly in the arranp:ement of visits 
of members of tlrn r esearch staff. Their activities are 
described in Section 6. 

Reference libraries are established at the Head Office 
and in the Divisions a nd Sections, and developments 
during tho yeal' arc r eported in Section 7. 

The film Unit, located at tl1e Head Office, undertllkos 
the production of cine films, as a means of showu1g 
the r esul ts of researcb work. Its activit ies are reported 
in Section 8. 

2. I NFOltJ\IA'l'TON SERVIOE. 

During the year tho Officer-in-charge of the Informa
tion Sel'vic:o resigned in order to aceept an appointmeut 
with the Division of Industrial J:e,·elopmeut. Some 
changes in the administration of the Information 
Servir.e followed, partly in the light of considera tion 
<>'iYen to that matter at a meeting of the Industrial 
~nd Physica 1 Sciences Section of the Advisory Council 
held in November, 1 9:50. The general feeling of that 
Section was that technical inform a tion shoukl be 
o·iven to indnstry by specialists actively associ ated with 
;ork in laboratories rather thau by a centralized 
Information Service. It was emphasized that every 
effort should be made to increase the contacts between 
rnsearch workers of the Divisiorni and Sections and 
technolog ists iu industry if Australia were to get the 
full advantage of the knowledge available in and the 
work done hy tho Organization's laboratories. On the 
other hand, it wa.s realized that a ::,mall r.entral 
Information Service would be required for handling 
in(JUil'ies in fields not. co,,er ed by laborntor.v ser vices, 

for passing ot her inquiries on to those libr aries or 
laboratories best fitted to answer them, and for main
taining indexing and abstracting services. 

It was decided not to replace the for mer Officer-in. 
Charge and thus to merge the administration of the 
Ser vice rather more closely into the whole H ead Office 
organization. Otherwise, the Service has carried on 
largely as in previous _years and has been concerned 
lllitinly with tho handli11g of specific inquiries, the 
prC'pal'ation of tenhnical reports, the dissem ination of 
i11form ation recei1•ccl from overseas, and the prepara
tion of summaries of information on specified subjects 
for the Executive. 

(a) I nquiries.-As inquiries ar e now referred, where 
possible, to C.S.I.R.O. r esearch units or other 
specialized inform ation sources, the number of in
quiries dealt with by the Information Service itself 
has diminished, although the total volume of inquiries 
wa.s approximately the same as in the p revious year . 

(b) Bibliographies and T echnical Revorls.-Twelve 
bibliographies were prepared in dealing with inquiries, 
and were m ade available for distribut ion. A summary 
of information on vitreous enamelling was prepared 
and issued in t be T series of reports. A survey of 
Australian metallurgical and geological hboratories, 
prepared by the Abst.rnctinp: and Documentation 
Section, was also issued in this series. Numerous 
r equests have been received for copies of these, and 
of earlier bibliographies and r eports. 

(c) Oenfral Information Ser1Jice Activitifls.-(i) 
Dissem,ination of Information from Overseas.- Pro
curement and distributi011 of information have con
t inued as in p revious years, al though on a somewhat 
reduced scale. 

(ii) R e'T)orts from the Office of T echnical Services, 
U.S.A.-The P.B. series of r eports, which WRS be~un 
bv the Office of Technical Services to make technical 
in.forma.tion from former enemy countrie3 availa l,ile 
to scientists, is being continued, and now includes much 
material r elating to current research in the U.S.A. 
and in other countries. In some cases, the report3 
annear also in other forms, but often information in 
P.B. repor ts is not otherwise readilv avnilable. Thus 
althou~h earlier it appeai·P-d likely that fewer r equests 
for these report~ would be 1·eceived, there h as been a 
~tendy demand for them. a large proportion of the 
r eqnest s bein,!!; from the Organization's r esearch u11its. 

( iii) Declassification of Re1>orfs of Awtralia11, War
f,ima R esearch.-T110 declassification of tbese reports 
nnd tran~fer to th e librnry of the D efen,cn Research 
L11 boratories of thosr still unclassified b11s been prac
t ira lly completed. 

3. D ocuMENTATION SEc').'ION. 

(a) Scientific A.bstracfing.-Tbe Royal Australian 
Cliemiral Institute decided to discontinue Australian 
Ohamical Abstracts ns from the end of 1950. A 
cumnlntive index of abstrnots for the years 1949 and 
1050 has been prepared and is ready for publica.ti011. 
13y special arranirement the Section rocentl.v under
took to act 11$ a local office for Chemical Abstracts. 
A nan el of specinlist 11 hst.ractor s h as bern hnilt np, 
and abstr acts Rr e regula rly bein~ forwarded. The 
Srction l111s also arrrnged to abstract certa in periodicals 
for Rritish Abstracts. 

(7>) Index to O.S.T.R .O. Publications.-During the 
_year a collection of rnprints of paners publish ed in 
e.l\.'tcrnal ionrnah wa.s bu ilt. np. These have been 
author-indexed, 1md i,u hiect-h1dexing is µrocee<lins;. It 
is propo,erl to rxtend t l1e collection to Divisional 
r epor ts. 

( c) Phutochemical R e_qister of A Hstralian Flora.-
~ early all t l1e State g roups h ave now completed their 
quotas of Anstralinn literature to be searched for 
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phytochemical information, an<l the incoming data are 
bein" collated and filed. :lt is proposed to mnke 11. 

start on over seas liternture as soon as the tentative 
list of journals submitted to the Phytochemical Con
ference has been finalized. The list is being circulated 
to State representatives for comment and suggestions. 

( d) Directories. - Draft final entries for the 
directory of Australian scientific; s~eieties are being 
submitted for approval to the soCieties concerned and 
work on the directory of Australian research insti
tutions is proceeding. 

(e) A.N.R.C. Committee 011, Scientific Information. 
-During tbe year the Section leader served . as 
Secretary to this Committee, which is concerned with 
implementing the recommendations of the Royal 
Society Scientific Information Conference of 1948, 
and has also been accepted by U.N.E.S.C.O. as the Aus
tl'alian Regional Committee on Scientific Abstracting. 

4. TR,1.NSLATJON SECTION. 

The Section has continued to undertake translation, 
written and oral, for C.S.I.R.O. Divisions and Sections. 
To this work bas been added a very small amount of 
translation, mainly oral, for other governmental and 
scientific bodies. Some work has been sent to outside 
translators, partly owing to a tcmporar_y staff shortage, 
and partly because the languages were not covered by 
the translating staff. 

An important duty has been the preparation of 
contents lists of Russian scientific periodicals, for the 
information of C.S.I.R.O. officers and for inclusion 
in the Translated Contents Lists of Russian Periodicals, 
issued by the Department of Scienti fic and Industrial 
R cseareb of Great Britain. Copies of these lists arc 
distributed to Public and University Libraries in th~ 
rapital cities of Australia. 

In connexion with the interchange of translations 
between countries of the British Commonwealth, a list 
of all translations h itherto made by the Section has 
been sent to the British Commonwealth Scientific 
Office, London, for reference. Lists of completed trans
lations, of which copies can be supplied on demand, 
are being sent monthly for inclusion in tbe consolidated 
index being prepared by the B.C.S.O. These lists are 
distributed within C.S.I.R.O. and to certain other 
departments, and selections are made from them for 
publication in Australian technical and scientific 
periodicals. 

The languages handled by the Translation Sectio-n 
are German, Dutch, Swedish, Norwegian, Danish, 
Icelandic, Latin, French, Italian, Spanish, P ortuguese, 
Hebrew, Russian, Polish, Ukrainian, Lettish, and 
Htmgarian. For other languages, use is made of a 
panel of outside translators. 

5. LIAISON BETWEEN AGRICULTURAL REBE.A.ROH 
AND EXTENSION WORK. 

The main purpose of the Agricultural Research 
Liaii.on SeC'tion is to ensure that results from agricul
tural resea11ch -Of the Organization are made available 
speedily to State Departments of .Agriculture for use 
in thei r extension work with farmers. 

This is being <lone first by marshalling avnilable 
res~a1-eh information. Research officers are being 
consulted and, where necessary, conferences at 11 

research level arranged. Material for practical use 
i-s .being prepared and this requires discussion betweell 
research and extension officers at conferences or schools. 

The fii·st conference arranged by the Section was 
held in June to bring together research officers con
cerned with sheep and wool. Representatives of most 
Stnte Departments of Agriculture, the East Sydney 

Technical College, and tLe Org~nization me~ in Sydney 
to- discuss recent research findrngs and thell' presenta
tion later in the year to a sheep and wool school t? be 
organized b.v the Queensland Department of ~gn~u.1-
ture and Stock in co-oper ation with the Or~an~at1on. 
.Following the Sydney conference the ?ect1on 1_s p1·ea 
pari1w a handbook of basic research 10format10n as 
a ref~~·ence book for the school, and will assist lecturers 
in preparing discussion sheet summaries and visual 
!!icls surh as sl idec Bnd char t~. 

6. Ov1msEAS L1,usoN OFFICERS. 

The Organization maintains Scientific Liaison 
Offices in London and Washington. These form con
st.i tuent units of the ,British Commonwealth Scientific 
Office (London) and the British Commonwealth 
Srientiuc Office (North America) . These joint offices 
provide c-ommon facilities for Scienti..6c Li11iso-n Officers 
from the British Commonwealth co11ntries to work 
together in L ondon and Washington. 

The Organization's Liaison Offices play an im por
t11nt part in the interchange of scientific information, 

. their functions including the handling of inquiries 
from Di visions and Sections, and the location and 
collection of relevant unpublished repo1·ts. They act 
also as bases for visiting officers of the Organization 
and as points of contact with research students. In 
addition they procure specialized equipment and 
R ppR rat us, and in general act as links for the Organi-
1.ntion with scientific work in the United Kingdom 
nn<l North America. 

7. LrnRARlES. 

The efficient h andling of scientific and technical 
literature becomes more of a problem each year, more 
par ticularly when many Government departments, 
research institutions, and societies have decided to 
revise their methods of publication, to issue many 
new journals, and to chimge the titles and formats o,£ 
those already being issued. T,he past year seems to have 
been II particularly bRd one for alterations of this type 
and mueb valuable time bas had to be spent in making 
tl,e 11eressar:v adjustments. 

The union autl10r catalogue of Divisional holdingq, 
)"hicl1 is held _in H~ad Office, has increased rapidly and 
1s now co·ntamed 111 144 standard catalogue drawers. 
The principle of union catalogues is being extended. 
Divisions which have need for the same publications 
arE> r ccordin_g each other's holdings in their respective 
rntal op;ues. For example, the lib.rary in Geelon" is 
maintaining a complete cRtnlogue of ail the materifJ in 
the libraries of the other Wool Textile Research 
Laboratorif's situated in Melbourne and Sydney. It 
is al.so b1;1ilding up a useful speci~list library of general 
textile literature. The Irngation Research Stati-0n 
Griffith, has a union catalogue of the holdings of th; 
Com.monwealth Research Station, Merbein, and the 
~eg1onal Pastoral Laboratory, Deniliquin, as well as 
its own. These smaller union catalo,!!.'Ues save consider
able con·es1Jondenre between the libraries concerned 
11n<l Head Office. 

There have ~ee1~ no maior alterations in the general 
nlfln of or/!amza.t1on of the libraries during tbe yea,r 
,,nd onlv 011e new branch library-that attached to- the 
W oo_l T:xtile ~ esearcl1 Laborato1·ies, Physics and 
Rrnnnec>rmg Umt, Sydney-h as been formed. 

Owing to unavoidable delays in procurin.,. the neces
sary paper and an angin!!; for priutin" the ;ew edition 
()f thr "Catalo11:ue of Sci~ntific,., imd Technical 
Periodicals in the Libra1·ics of Australia" lrns not been 
romrleted. bl1t it will he available for <li 'ltribution 
hefM<' th e> end of 1951. 
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8. FILM UNIT. 

During the yenr the following complete 16-millimetre 
sound :films were released: "Caulking Compounds" 
(colour), " Science and Wood " (colour), " The Work 
and Facilities of the Division of Forest Products", 
nnd "Northern Australia Regional SurvPys, Part IL--
The Barldy Region" (black and white) . . . 

Two projects involving, at this stage, record fihnmg 
only were begun: " Woollen and Worsted llesearch " 
and "Mutton Bit·d Investigutions-Flindo1·s 'island:'

The material obtained may be added to l11t~r and, 1[ 
su'itablc, incorporated in release type films. 

The following three films, being J?roduced fo r 1_hc 
'Munumbidgee Irrigation Ar-ca ..:_\gr1 cu1tura1 Sen1cc 
of the New South Wales Dcpa,rtment of A8iriculturn, 
have been a1most eompleted and will be released early 
in 1951-52 : "The Origin and Control of Salti11g " , 
"Fann Design and Grading", and " Supply and 
Drainage Ditches". · 

The film on the Ord-Victoria Rivers Area of 
Northern Australia will not be finished for some time, 
ns survey work has not been completed. · 

During tl1e year arrangements have been ma.de for 
two conies of most of the films produced by C.S.I.RO. 
to be held by the Australian National Librar.v in 
Canberra, thus ensuring their wider availability in 
Australia and overseas. Copies of many films have also 
been obtained by the State Film Advisory Councils in 
nve States of tbe Oommonwcn1tb. The film library of 
the Unit now holds 49 films, all of which are available 
fo1· loan to approved educational a11tho1·itirs. nlm 
societies, nnd the like. 

XX.XU. PF.RSONNEL OF COUNCIL AND 
COMMITTEES. 

1. EXECUTIVE. 

I. Clunies 'Ross, D.V.Sc. (Ohair-man). 
F. W. G. White, M.Sc., Ph.D . ( Ohief Executive 

Officer). 
S. H. Bastow, D.S.O., B.Sc., Ph.D. 
H. J . Goodes, B.A. 
A. B. Ritchie, M.A. 

2. Aov1sony CouNCIT,. 
Chairman. 

T. Clunies Ross, D.V.Sc. 

Executive. 
(See above.) 

Chairmen of State Oom,mittees. 
New South Wales-Professor J . P . Baxter, O.B.E., 

B.Sc., Ph.D. 
Vietoria-R S. Andrews, D.Sc. 
Queensland-A. F . Bell, M.Sc., D.I.C. 
South Austral ia- Sir Kerr Grant, M.Sc. 
Western Australia-Professor E. J. Underwood, B.Sc. 

(Agric.), Ph.D. 
Tasmania- S. L. K e~sell, M.B.E., M.Rr. 

Go-opted Members. 
D. T. Boy9-, O.M.G. 
N .K.S. Brodribb, C.B.E., F.R.I.O. 
Sir Harry Brown, C.M.G., M.B.E. 
Sir Macfarlane Burnet, M.D., Ph.D., F.R.S. 
Honorable 0 . McL. Falkiner, M.L.O. 
W. A. Gunn. 
W. S. Kelly, O.B.E. 
E. H. B. Lefroy. · 
Sir John Madsen, B.E ., D .Sc. 
Professor _D. M. ¥yers, D.Sc. 
G. B. O'Malley, B .Met.E. 
Sir Dnvid Ri,,ett, K.O.M.G., M.A., D.Sc., F.R.S. 
Professor S. M . W adham, M.A. 
Professor J . G. Wood, Ph.D., D.Sc. 

3. STATE CoMMrrTEEa. 
New South Wales. 

P. Baxter, O.B.E., .Professor J . 
( Ohairrnan,). 

A.. J. Gibson, M.E. 
0. J . Mulholland, B.Sc. 
R. J. Noble, B.Sc.Agr., M.Sc., Ph.D. 
A. R. Penfold. 

B.Sc., 

Pl'ofessor W. L. Waterhouse, M.O., B.Sc.Agr. 
Professor J . D. Stewart, B.V.Sc. 
Sir Frederick McMaster. 
R. P . Okeden. 

Ph.D. 

The Honorable Sir Norman Kater, M.L.O., M.B., 
Oh.M. 

Emeritus Professor R. D. Watt, M.A., B.Sc. 
J . Merrett. 
W. R. Hebblewhite, B.E. 
0. lvL Williams. 
J. G. Peake. 
Professor Sir Henry Barraclough, JLB.E., V.D., B.E., 

MJvLE. 
O.McL. Falkiner, M.L.O. 
J'. N. BJ·iton, B.Sc., B.E. 
E. L. S. Huclson. 
J. P. Tivey, B.A., B.Sc., B.E. 
Sir IT arry Brown, C.M.G., M.B.E. 
Sir John :Madsen, B.E., D.Sc. 
Profossor D. M. Myers, D.Sc. 

Victo1-ia. 
R S . .Andrews, D.Sc. (Chairman). 
H . A. Mullett, B . .Agr.Sc. 
·w. Baragwanath. 
G. G. Jobbins. 
Professor J. S. Turner, M.A., Ph.D., M.Sc. 
Professor P. :Mac0a11um, ?!LO., M.A., }.<1.Sc., M.B., 

Oh.B. 
Professor J . N. Greenwood, D.Sc., M.Met.E. 
W. E . Wainwright. 
L. J . Weatherly, M.A. 
FL ITe1·man, D.Sc., M.M.E., B.O.E. 
Sir Herbert Gepp. 
Sir Dalziel Kelly, LL.B. 
Sir Russell Grimwade, B.Sc. 
Professor E . S. Hills, D.Sc., P h.D., D.I.O. 
Emeritus Professor H. A. Wood.ruff, B.Sc. 
J . R. S . Cochrane, B.Sc. 
Professor E. J . Hartung, D.Sc. 
N . K. S. Brodribb, O.B.E. 
Sir Macfarlane Burnet, M.D., Ph.D., F .R.S. 
Pr0fp~501· S. 111". Waclhnm, M.A. 
Sir David Rivett, K.C.M.G., M.A., D.Sc., F.R.S. 
D. T. Boyd, C.M.G. 
G. B. O'Malley, B .Met.E. 
I . M. McLennan, B.E.E. 
Associate Professor G. W. Leeper, M.Sc. 
R. A. Hunt, D.S.O., B.C.E., M.I.E. Aust. 

Queensland. 
A. F. Bell, M.Sc., D.I.O. (Chairman) . 
W. M. McLean, M.O. 
R. Veitch, B.Sc.Agr., B.Sc.For. 
P rofessor T. G. H. Jones, D.Sc., Ph.D. 
P1·ofessor D . A. Herbert, D.Sc. 
J . F . Me_ynink. 
J . McCann. 
M. C. Urquhart, M.Sc. 
V. G. Grenning. 
A. McCulloch, M.E. 
J .. L. Wilson. 
.J. Michelmore. 
Professor L. J . H. Teakle, M.S., B.Sc.(Agric.) , Ph.D. 
R. J. S. Muir. 
R. J . Donaldson, D.S.O., B.C.E. 
0 . E . Young, D.S.O. 
A. W. Campbell. 
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J. R Duggan. 
l'rofessor T. K. Ewer, D.V.Sc. 
B. Flewell-Smith, M.M. 
R. L. Harrison. 
0. H . Jamieson. 
W. I . McLean. 
Professor W. V. Macfarlane, .M.A., M.D . 
T. 0. Marshall. 
W. A. Mawby. 
Professor M. Shaw, M.Eng., M.Mech.E. 
Professor W. S tephenson, B.Sc., Ph.D. 
S. A. Trout, M.Sc., Ph.D. 
Professor H. C. Webster, D.Sc., Ph.D. 
W. Webster, B.V.Sc. 
Professo.r F. T. M . White, B.Met.E., B.E. 
Associate Professor F. W . Whitel1ouse, Ph.D., 
Vv. A. T . Summerville, D.Sc. 
W. Young. 

801,th Australia. 
Sir Kerr Grant, M.Sc. (Chairman) . 
W. J. S.pa:fford. 
S. B. Dickinson, M.Sc. 
S. B. Shiels. 
Professor T. Harvey Johnston, M.A., D.Sc. 
l~rofessor J. J ... Prescott., O.B.E., D.Sr., F.R.S. 
Professor M. L. Mitchell, M.Sc. 
Sir James Gosse. 
F. T. Perry, M.B.E. 
A. J. Allen. 
L. K. Ward, B.A., B.E., D.Sc. 

D.Sr. 

Sir Douglas Mawson, O.B.E., D.Sc., B.E., F.R.S. 
.'.I.. R. Callaghan, C.M.G., B.Sc., TI.Sc.Agr., D .Phil. 
FL R. Marston, F .RS. 
0. Haselgrove. 
F. W. Moorhouse, M.Sc. 
W. S. Kelly, O.B.E. 
Professor J. G. Wood, Ph.D., D .Sc. 

West em Australia .. 
Professor E. J . Undnwood, B.Sc.(Agric.), P h.D. 

(Chairman). 
H. P . Rowledge 
A. L. McKenzie Clark, L.V.Sc. 
T. N. Stoate, M.Sc. 
Professor A. D . Ross, M.A., D.Sc. 
Professor E. de Courcy Clark, M.A. 
B. Meecham. 
A.. L. B. Lefroy. 
F . G. Brinsden. 
Professor N . S . Bayliss, B.A., B.Sc., Ph.D. 
W. G. Burges. 
Professor G. A. Currie, D.Bc., B.Agr.Sr. 
G. L. Snt.ton, C . .M.G., D.Sc.Agr. 
Professor H . Waring, D.Sc. 
H . Bowley. 
G. K. Baron-Hay, M.C., B.Sc.(Agric.) . 
P. H . Harper, B.A. 
E. H. B. Lefroy. 
W. J. Russell. 
C. R. Bunning, B.C.E. 
D. W. Brisbane. 
B. J. Grieve, M.Sc., Ph.D. 
Professor R. T . Prider, B.Sc., Pll.D. 
N. Temperley. 
R. J. Dnmas, O.M.G., M.E. 
A. J. Fraser. 

Tasmania. 
S. L. Kessell, M.B.E., M.Sc. (Oha.irman). 
A.H. Crane. 
A. W. Knight, B.Sc., M.E., B.Oom. 
F. W. Hicks. 
.T. P cRrso11, D.Sc. 
Professor Alan Burn, .M:.Sc., B.E. 
D. 0 . .Meredith. 
F. H. Pencock. 
H. B. Somerset, M.Sc. 

Sir Rupert Shoobridge, M.L.O. 
D. R. Benjamin. 
It B. Richardson, M.A. 
F. 1-:I. Foster, B.O.E. 
Keith Brodribb. 
T. A. Frankcomb. 
N. F. Kirby, B.E. 
Professor H. N. Barber, M.A., Ph.D. 
Professor J . 0 . Jaeger, M.A., D .Sc. 

4. O0llll\11TTEE 011' REVIEW-AGRICULTURAL 

.AN.O PASTORAL PnonLE11rn. 
l. Olunies Ross, D.V.Sc., O.S.I.R.O. (Chairman) . 
L. B. Bull, D .V.Sc., Division of Animal Health and 

Productjon, O.S.I.R.O. 
J . G. Davies, B.Sc., Ph.D., Dfrision of Plant Industry, 

O.S.I.R.O. 
H . R. Marston, F.R.S.,. Division of Biochemist1·y and 

General Nutrition, C.S.I .R.O. 
J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of 

Soils, C.S.I.R.O. 
A. · J . Nicholson, D.Sc., Division of Entomology, 
. C.S.I.R.O. 

H. 0. Forster, M.Agr.Sc., Ph.D., C.S.l.R.O. 
W. I ves, :i\f.Ec., A.I.C.A., C.S.I.R.O. (Secretary). 

5. CoMJHONWEA LTH R ESEAncH 8TA'l'101', 

M EnBEIN-TEcnN1CAL Oo11111rtTTEE. 

Professor J .. \. P rc<,cott, O.B.E., D.Sr., F .R.S., Waite 
Agricultural Research Instit.ute, Unfrersity of 
;\delaidc (Chairman) . 

.J. K . Taylor, B.A., M.Sc., B.Sc.Agr., Division of 
Soils, C.S.I.R.O. 

L. A. T. Ballard, Ph.D., M.Agr.Sc., Division of Plant 
Industry, O.Fl.I.R.O. 

C. Barnard, D.Sc., Division of Plant Industry, 
0.-S.I.R.O. 

P . Malloch, Commonwealth D1·ied Fruits Control 
Board . . 

E. J. Casey, Commonwealth Dried Fruits Control 
Board. 

J. R. Gordon, representing Consultative Committee. 
F . P enma11, M.Sc., Commonwealth Research Station, 

C.S .T.R.0 .. 111:erbein (Sec·retary). 

6. Co11rMONWEA LTH R "ESE.A IWH STAT10:-1, 

)I1mnE1:-r.-CoNsi-LTATlvE Oo:'lnrITTNE. 
J. R. Gordon, Citrus Growers' A!:lsociation, Merbein 

( Chai1·mnn) . 
J. A. Aird, B.Sc., B.i\gr.Sc., Dip.Com., Oollllnissiouer, 

State R ivers aud Water Supply Commission, 
Victoria. 

L. ,V. Andrews, Waikerir., Sonth Australia. 
H. Broadfoot, Department of Agricnlt11re, New South 

Wales. 
Hon. P. T. Byme!:l, M.L.O., Woorincn, Victoria. 
A. E. Cameron, Red Cliffs Settlement. 
E. J. Casey, representing Technical Committee. 
D . W. Oockcroft, Nyah-Woorinen Enquiry Committee. 
0. E. Cole, B.Agr.Sc., D4?partment of Agricultme, 

Victoria. 
W. B. Hawson, First Mildura I rrigation Tn1st. 
A. E. Hazel, Dried Fruits Association, Red Cliffs. 
S. Heaysman , Ooomealla, New South Wales. 
W. Heaysman, Cardross Progress Association. 
H . Jachon, Wakool Land-use Committee. 
J . A. Lochhead, Mildura Shire Council. 
A. R. McDougall, Merbein. 
P. 11£al1oel1, representing Technical Committee . 
R. 0. Polkinghorne. N:val1-Woori11en Enquiry 

Committee. · · 
F. RicliardRon, Nyah-Woorinen Enquiry C;ommittee. 
,T. L. Showell, Renmark Irrigation Trust. 

• 
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A. G. Strickland, C.B.E., M.Agr.Sc., D cpnrt111e11t of 
Agriculture, South Australia. 

S. P . Taylor, Ourlwaa, New South _Wales. 
0 . Weste, Remnark, South Australia., . . 
D. C. Winterbottom Mildura Packers ..:-\ssociat1on. 
H. E. Wood, Dried 'Fruits Association, W oorinen. 
F. Penman, M.Sc., Commonwealth Research Station, 

C.S.I.R.0., Merbein (Secreta.ry). 

7. WAKOOL LAND-USE Oo11tMIT'l'EE. 
A. Varcoe-Cocks, Wakool Shire Council (Oluti1·man). 
F. Penman, M.Sc., Oommonwca1th Research Station, 

C.S.I.R.O., Merbein. 
.E'. I . Bolton, Wate r Conservation aud hrigatiou 

Commission, New South Wales. 
E. J. Williams, Rural Bank of New South ·wales, 

Deniliquin. 
K. Howe, Rural Bank of New So·uth Wales, D eniliquin. 
G. A. Crawford, De1rnrtment of A.gricnlture, New 

South Wales. 
K. Wood, W akool Dist1·ict Landholders' Association. 
D. Thomas, Wakool District Landholders' Association. 
W. R. A . Smith, Wakool Distl'irt Lanclholrlcr;:' 

Association. 
F. J. Hollins, Wakool District Landholders· 

Association. 
L. A. Jeffers, Wakool District Landholdel's' 

Association . 
F. Bock, Tullakool. 
R. W. Prnn;:ter, .B.Sc. (_\ g1·ic.) , Regional Pu;:toral 

Laboratory, C.S.J.R.0., D eniliquin. 
H. Jackson, W akool District Landholders' _\ ssociati,rn 

(Secretary) . 

8. I nrnOA'l'ION R ESEARCH STATION, GnrFFtT1-r
TEOHNIOAT. CoMMI'l'TEE. 

Professor J. A. Prescott, O.B.E., D .Sc., F.R.S ., ·waitc 
Agricultural R esearch Institute, University of 
.Adelaide. 

H. N. England, B .Sc., Water Conserrn.tion and 
I rrigation Commission, New South Wales. 

J. K. Taylor, B.A., :M.Sc., B.Sc.Agr., Division of 
Soils, C.S.J.R.O. 

V. 0. Williams, r epresenting Irrigation Research and 
Extension Committee. 

E . S. West, B .Sc., M.S., Irrigation Research Station, 
Griffith (Secretary). 

9. ImuoATION RESEARCH AND Ex'l'E l\SION O m1!J\UT'l'Et-: 

(:MuR.1m:1rnrn«EE TttnJGATION ARE.is). 
V. 0, Williams, Gr iffith Producers' Co-op. Co. Ltd. 

(Chairman). 
D. V. Walters, M.Agr.Sc., D epartment of Agriculture. 

New South Wales. 
IT. J. Hynes, D.Sc.A.gr., M.S., D epartment of 

Agriculture, New South Wales. 
P. F. Stanton, H.D.A., Organizer, M.T.A. _\ g ric11lt1m1l 

Service. 
Il. 0 . French, Y anco Experimental Farm . 
,T. M. Donald, Live Stock Officer (Sheep and Wool ) . 
A. H. Skepper, H.D.A., D epartment of Agriculture. 

New South Wales. 
K S. West, B.Sc., M.S., Irrigation Research St ation. 

C.S.I.R.0., Griffith. 
F. Penman, M .Sc., O-Ommonwealth R cs@arcb Rtation. 

O.S.I.R.O., Merbein. 
R. W. Prunster, B.Sc.Agr., Regional Pastoral 

Laboratory, C.S.I.R.O., D e11iliquin. 
H. N . Eugland, B.Sr., Water Conservation :rn<l 

Irrigation Com.mission, New So11tl1 Wales. 
H. Mallaby, H.D.A., Water Oonse rrntion and 

Irr igation Commission, N ew South Wales. 
E. R. Iredale, Rmnl Bank of New South Wale8. 
G. E . B. Good, R ural Bank of N ew S011tl1 Wale~. 
'Professor J. R. A. McMillan. D .S C'.Agr.. M.8., 

University of Sydney. 

E. S . Clayton, H.D.A., Soil Oonserrntion Serv ice, 
New South Wales. 

. \. '\Y. E. Harris, Y enda .Producers' Co-op. Ltd. 
11. J. Williams, Leeton Oo-op. Canner y Ltd . 
F. N . Walsh, Leeton Fruit, Growers' Co-op. Soc. Ltd. 
J. E. Morphett, Vegetable Growers' Association. 
W. N. Hogan, :M.I.A. District Council Extensi on 

Group. 
P. Crook, M .I. A.. District Council Extension Group. 
G. S. Denne, M.I.A. District Council Extension Group. 
A. D. McKellar, Rice Growers' Association, Leeton. 
J . H. Reilly, Rice Growers' As.,ociation, Yenda. 
T. Darchy, Rice Growers' Association, M urrami. 
J. 0. Doyle, Rice Marketing Board, New South Wal,,s 
J. Woodside, Large Area Extension Groups, Griffith. 
R. St. C. Y oung, Large Area Extensio11 Groups, YanC'O. 

10. REGION:H, PAS'£0RAf, CENTRE, D ENI LTQUIN.

TECHNICAL COMJ\HT'£EE. 
J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of 

Soils, C.S.I.R.O. 
L. B. Bull, D.V.Sc., Division of Animal Health and 

Production, C.S.I.R.O. 
H. R. Marston, Division of Biochemistry and General 

Nutrition, O.S.I.R.O. 
,T. G. Davies, B.Sc., Ph.D., Division of Plant Industry, 

O.S.I.R.O. 
T. J . Marshall, M.Ag.Sc., Ph.D., Division of Soils. 

O.S.I.R.O. 
A. J. Vasey, B.Agr . .Sc., Divisi on of Animal H ealtl1 

and Production, O.S.I.R.O. 
E. S. West, B.Sc., M.S., Irrigation R-0search Station, 

C.S.I.R.O., Griffith. ' 
F. P enman, M.Sc., Commonwealt.b R esearch Station, 

O.S.I.R.O., Merbein. 
0. :McL. Falkiuer, Boonoke Station, f1onargo . 
J. N. Whittet. H.D.A ., Depart.me11t of Agriculture, 

New South Wales. . 
R. W. Prunster , B.Sc. ( A.g:ric.), DiYisiou of Plant 

Industl'y, C.S.I.R.O. ( Sec1·etary). 

11 . R EGIONAL PASTORAL CENTRE. ARMIDA LE

TECHNl OA.I. AnvtsoR, Co11nnTTEE. 

L. B. Bull, D.V.Sc., Division of Animal H ealth and 
Production, O.S.T.R.O. 

J. G. Davies, B .Sc., Ph.D., Division of Plant Industry, 
O.S.I.R.O. 

D. A. Gill, M.R.O.V.S., D.V.S.M .. Division of Anima l 
Health and Production, O.S.I.R.O. 

G. Edgar, B.V.Sc., Department of Agrirul tlll'e, N ew 
South Wales. 

.T. N. Whittet. H.D.A .. D epar tm ent of Agriculture, 
New South Wales. 

R. Roe, RSc.(Agric.), Div:ision of .Animal H ealth and 
Pl'l)rlnrtion. 0 .S.I.R.O. (A r.ti11{J 81'.m·r>,far•!f ). 

12. TIF.nrnN,IT. P ASTORAL LABORATORY. An11UDALl!r
OoNSULTATIVE CoinnTTEE. 

D. A. Gill, :M:.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production. C.S.I.R.O. (Chai?-man) . 

R. B. :M:adgwick, "M.Ec., D. Phil., New England Uni
versity College . 

.'\. H. Voisey, D.Sc., N cw England University College. 
A. G. Brett. Grazicrs' Associa tion of New South 

Wales. 
J. A. Nivison, Graziers' Associa tion of New South 

Wales. 
H . F. White, Gl'aziol's' Associati011 of New South 

Wales. 
D . 'P. Macamh, N orthern N e\\' South Wales F armers' 

Union. 
T,. P . Dutton. Cotrnril of A(h,jre to thr P ni>ture P rotec

tion Boal'Cl, N ew South Wales. 
Sir Hugh Croft, Council of Advice to the Pasture 

Protection Board, N ew South Wales. 



S. Payne, Council of Advice to tl.ie Pasture Protectwn 
Board, N.S.W. 

J. Ferris, Agricultural Bureau of N cw Son th Wales. 
G. Edgar, B.V.Sc., Department of Agriculture, New 

South Wales. 
J . N . Whittet, H .D.A., Department of Agriculture, 

New South Wales. 
L. W. McLennan, B.Sc.Agr., New England Regional 

Development Committee. 
.T. G. Davies, B.Sc., Ph.D., Division of Plant Industry, 

0.-S.I.R.O. 
R. Roe, B.-Sc.(Agric.), Division of Animal Health and 

Prodnrtion, O.S.I.RO. (Acting S ec1·eta1'JJ). 

13. " GrLRUTH Pr,Arr-;s" TECHNICAJ, CoMUITTEE. 

L. B. Bull, D.V .Sc., Division of Animal H ealth and 
Production, C.S.I.R.O. · 

C. M. D onald, M.Ag.Sc., Division of Plaut Industry, 
C.S.I.R.O. 

R. B. Kelley, D .V.Sc., Division of Animal Health and 
Production, O . .S.I.R.O. 

W. A. T. Summerville, D.Sc., Queensland Department 
of Agriculture and Stock. 

W. Webster, B.V.Sc., Queensland Department of 
Agriculture and Stock. 

J . F. Kem1edy, M.Agr.Sc., Division of Animal Healtl1 
ai1d Proclnction, O.S.I.R.O. (Secre.f:ary) . 

14. JOINT Br,owFr,v OoN'flWL CoMMIT'l'EE. 

( Appointed as a means of co-orcl inati ng the acti viti(\~ 
of the New South Wales Department of Agriculture, 
the Queenslnnd Department of Agriculture and 
Stock, and the Orgnnization. ) 

L. B. Bull, D.V.Sc., Division of Animal Health and 
Production, C.S.I.R.O. (07,airman) . 

A. J. Nicholson, D.Sc., Division of Entomology, 
O.S.I.R.O. 

G. Edgar, D.V.Sc., Glenfield Veterinary Research 
Station, Department of Agricultme, New South 
Wales. 

H. G. Belschner, D.V.Se .. DPpRrtment of Agriculture, 
New South Wales. 

T . McCarthy, Department of A~ricnltnrr., New Sonth 
Wales. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Queensland. 

F . H. S. Roberts, D.Sc., Division of Animal H ealth 
and Production, O.S.I .R.O. 

D. A. Gill, M.R.C.V.S .. D.V.6.M .. Division of .Anim111 
Health and Prorlnr.tion. C.S.1.R.O. (8ecrefor!/).' 

15·, J OJNT VETERINARY PARASITor.onY CoMllHTTEE. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Queensland (Chairman) . 

J. Legg, D.V.Sc., Department of Agriculture and Stock, 
Queensland. 

F. H. S. Roberts, D . .Sc., Division of Animal Health 
and Production, C.S.I.R.O. 

L. F. Hitchcock, M.Sc., Division of Entomology, 
O.S.I.R.O. 

Miss FT. F . Todd, C.S.I.R.O. (Secretary). 

16. QUEENSLAND PRODUCERS' ANIMAT, lNDU!:TRY 

COMMITTEE. 

W. I. McLean, Queensland United Graziers' Associa
tion .(Chairman) . 

F. M. Bell, Queensland United Graziers' Association. 
C. R. S. Smith, Queensland United Graziers' Associa

tion. 
R. M. Bell, Queensland United Graziers' ,\ ssociatiou. 
G. Woodburn, Qurcnsland United Graziers' Associa

tion. 
T. N. Pownall, Queensland United Graziers' Associa

tion. 

ms 
J . .F. Meyniuk, Queenslaud U11 ite<l Grazie1·s' Associa-

tion. 
R S. Wilson, Queensland Uni ted Grazicrs' Association. 
J. L, '.Vilson, Queensland United Graziers' Association. 
W. A. Gunn, Queensland United Graziers' Association. 
W. G. Jones, Queensland United Graziers' Association. 
() . H. J amiesou, Queensland Dairymen's State Council. 
W. Webste1·, B.V.Sc., Department of Agriculture and 

Stock, Queensland. 
M. White, M.Sc., Ph.D., Depa1tment of Agriculture 

and Stock, Qneensland. 
.T. Legg, D.V.Se., Department of ~\gricnlture and Stock, 

Queensland. 
G. R. ].foule, B.V.Sc., Department of Ag1·iculture and 

Stock, Queensland. · 
A. F . Bell, M.Sc., D.I.C., Department of Agriculture 

and Stock, Queensland. 
F. H . S. Roberts, D.Sc., Division of Animal Health and 

P1·oduction, C.S.I.R.O. 
L. F . Hitchcor.k, M.Sc., Division of Entomology. 

C.S.I .R.O. 
T. B. Paltridge. B.Sc., Division of Plant Industry, 

C.S.I.R.O. 
.'\ . R. Riddle, A.B., M.-S., Division of Food Preserva

tion and Transport, O.S.I.R.O. 
I'l'ofessor W. V. Macfarlane, M.A., :M".R., Ch.B., U11i

Ye1·sity of Queensland. 
R J. Donaldson, D.S.0., B.O.E., Brisbane. 
"Miss H. F. Todd. C.S.T.R.O. (FIPcrelary) . 

17. Aov1sonY CollUUTTEE ON FnmT CooL STORAGE 

INVESTIGATIONS IN NEW SOUTH WALES. 

.T. R. Vickery, M.Sc., Ph.D.; Division of Food 
Prese1:vation and Transport, O.S.I.R.O. (Chairman) . 

H. Broadfoot, Department of Agriculture, New .South 
Wales. 

Professor N. A. Burges, M.Sc., Ph.D., Department of 
Botany, University of Sydney. 

R. N. Rohertson, B.Sc., Ph.D., Division of Food 
Preservation and Transport, C.S.I.R.O. 

F . T. Bowman, Ph.D., M.Sc., B.Sc.Agr., Dr.partment 
of A~riculture, New South Wales. 

R. B. Withers, M.Sc., Dip.Ed., Division of Food 
Pl'<'scrvation and Transport, C.8.T.RO. (Secretary) . 

18. (lo~rMI'fTEE FOit Co-ORDINATION OF FRUIT AND 

VEGETABLE STo·n.AGE RESEARCH. 

A. G. Strickland, C.B.E., M.Agr.Sc., Department of 
Agriculture, South Australia (Chairman) . . 

W. J. Bettenay, B.Sc. (A,gric.), Department of Com-
merce aud Ag-ricnlture, Melbourne. · 

S. M. Sykes, B.Sc . .A.gr., Department of Agriculture, 
New South Wales. 

0 . E. Cole, B.Agr.Sc., Department of Agrfoulture, 
Victoria. 

T. D. Raphael, M.A., Dip.Hort. (Cambrid,,.e) Depart-
ment of A.griculture, Tasmania.. 

0 
' 

R. N. Robertson, B.Sc., Ph.D., Division of F-0od 
Preservation and Transport, O.S.I.R.O. 

n. Martin. B.Sc., Division of Plant Industry, 
C.S.I.R.O. 

S. A. Trout, M.Sc., Ph.D., Departrne11t of Agricnlturr. 
and Stock. Queensland. · 

T. C. }.filler, E .-Sc., D epartment of Agriculture, 
Western Australia. 

R 13. Wit~ers, M.Sc., Dip.Ed.. Division of Food 
PrrsPrv11h on 1111d 'l'rnni:port. C.S.I.RO. (Secretary) . 

19. CONSULT Nrrv-F. Oo:MMTTTE~~ ON FooD 
I NVESTI<lATIONS AND STANDARDS. 

.T. R. _Vicker:v, M.Sc., Ph.D., Divisio11 of Food Preser
vation ancl Transport, O.S. I.RO. ( Chairman). 

R. W. Hicks, B.A., B.Sc., Division of Food Preserva
tion and Transport, O . .S.I.R.O. 
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R. F. Turnbull, B.E., Division of Forest P roducts, 
C.S.I.R.O. b S . 

G. Loftus Hills, B.Agr.Sc., Dairy Researc ection, 
O.S .I.R.O. f o 

W: J. Bettenay, B.Sc.(Agric.), Depal'tment o om-
merce and Agriculture, Melbourne. · 

W. J. Wiley, D.Sc., Department of Commerce and 
.'1.griculture, Melbourne. 

IT. R. Tinney, B .V.Sc., Department of Commerce an<l 
Agricultu re, Melbourne. . . . . , 

H. B . Withers, llLSc., Dip.Ed., D1v1s1011 , of Food 
Prrsri-rntion ancl Ti-anspor t, O.S.I.R.O. (,~ecretary) . 

20. oo~LMTTTEJ;; FOR Oo-ORDIJIIATION OF R1,:sEAROH ON 

Fuult' AN D VEOETAT1LE Pnocr.'lsn,:c; . • 

J . H. Vickci·y, M .Sc., Ph.D., Division of F~od Preser
v11tio11 and Transport, O.S.I.R:0 . (Ohairma:n) . . 

L. J . Lynch, 13 . .Agr.Sc., Division of Eood !'reservation 
1m<l Transport, O.S.l.R.O. 

J. Shipton, B.Sc.Agr., _Division of Food Preservation 
and T ranspor t, C.S.l .R.O. 

,J . D. Bryden, H.D .. '.., Department of J'\.gricultme, 
New South Wales. 

A. C. Orman, H.D.l\ ., Department of .Agricultlll'e, 
New South Wa1es. 

Tr. R. Richardson, B .Sc.Agr., New South Wale, 
Department of 1\:griculture. . 

E. G. Hallsworth, B.Sc., Ph.n., School of Agriculture, 
University of Sydney. . 

S. M. Sykes, B.Sc.Agr., l)epartment of Agncultme, 
New South Wales. 

R B. Withers, M.Sc., Dip.Ed., Division of Food 
P1·eserYation nnd Transport, C.S.I .R.O. (Secretnry) . 

21 . Dnmo FnmTs PRooEssrno CollCMITTEE. 
.\. G. Strickla11d, O.B.E., 11LL\.gr.Sc., Department of 

..'io-ricult.ure, South Australia (Chairman ). 
0 . G. Savnge, Department of Agriculture, New South 

Wales. 
W. R. J ewe11, M.Sc., B."Met., nepartment of .Agricul

ture, Victoria. 
W. M. Carne, Department of Oommnrce and Agricul

ture, Melbourne. 
J. 11. Daridson, B.V.Sc., Department of Commerce 

nnd Agricul ture, Melbourne. 
A. V . Lyon, 1vLAgr.Sc., Commonwealth R esearch 

Station, C.S.I.R.O., Merbein. 
E. C. Orton, B.Sc., Commonwealth R esearch Stat.ion, 

C.S.I.R.O., Merbein. 
J. R. Vickery, M.Sc., Ph.D., Division of Food Preserva

tion nnd Transport, O.S.I.R.O. 
D. G. Quinn, Department of Agriculture, Victoria. 
B. G. Coombe, B.Agr.Sc., Depat·tment of Agriculture, 

South Australia (Secretary). 

22. ADvxson.y OoMllUTTEE ON Fn.uIT STORAGE
INVESTIGATIONS IN VICTORIA. 

0. E . Cole, B.Agr.Sc., Department of Agriculture, 
Victoria (Oonvenor and Secretary-). 

S. Fish, M.Agr.Sc., Department of Agriculture, 
Victoria. 

J . R. V ickery, M.Sc., Ph.D., Division of Food Preserva
tion and 'Transport, O.S.I.R.0 . 

R. N. Robertson, B .Sc., Ph.D., Division of F ood Preser
vntion and Transport, C.S.I.R.O. 

23. U1wunA DrsTRICT Dn.rno VINE Fn.uns Pn.001~ssrno 
CoMMITTEE. 

A. R H ampton, representing Mildura Packers' 
Association ( Ohafrman) . 

A. E . Hazel, Dried Fruits Association, Red Cliffs. 
W. Heaysman, represent ing Merbein Advisory 

Committee. 
W. R. Jewell, M .Sc., B.1fet., Department of Agri

culture, Victoria. 

N . A. Johnson, Irymple, Victoria. 
F. P enmm1, M.Sc., Commonwealth Hesearcl1 Station, 

C.S.I.R.O., Merbein. 
R. H. 0. McCallum, R ed Cliffs, Victoria. 
A. R. McDougall, Merbein, Victoria. 
S. R. Mansell, Mildura, Victoria. 
B. Bromley, Rod Cliffs, Victoria. 
F.. C. Orton, B .Sc., Commonwealth R esearc'h Station, 

C.S.I.R.0., Merbein (Secretary) . 

24'. ADvrsorw CoMMI'l'TEE oN RED-r.EGGED EARTR 

Mrn: INVESTIGATIONS, W1s,c;TERN AusTRAT.IA. 

E. FL B. Lefroy ( Ghai?-man). 
0. F. J enkins, B.A., Department of .Agricultu.re, 

Western Australia. 
J. Thomas, Department of Agrieulture, Western 

;\ nstralia. 
Professor E. J. Underwood, B.Sc. (Agric.), Ph.D., 

University of Western Australia. 
:\ . J. Nicholson, D.Sc., DiviRion of Entomology, 

C.S.I.R.O. 
Jv[. M. H. Wallace, B.Sc., Division of Entomology, 

O.S.I.R.O. 
R. P . Roberts, M.Sc.(Agric.) (Secretary) . 

25. KrMBERT,EY R ESEAROK STATION SuPERVJSORY 

OoM1aTTEE. 

0 . S. Christian, B.Sc.Agr., M.S., Land Research and 
Regional Sm-ve_y, O.S.I.R.O. (Ohairma.n) . 

G. H. Burvil1, M.Agr.Sc., Commissioner of Soil 
Conservation, Western Australia . 

L. 0. Snook, D.Sc., B.Sc. ( Agric.), Animal Nutrition 
Officer, Western .Australian Department of 
.1\griculture. 

0 . M. Dimond, Public Works Depar tment, Western 
Australia . 

W. M. Nunn, Western Australian Department of 
Agriculture (Executive Officer). 

26. B uRDEJCIN I NVES'rIGATIONs Co?1nnTTEE. 

W. A. T. Summerville, D.Sc., Queensland Department 
of Agriculture and Stock ( Ohairman) . 

0. S. Christian, B.Sc.Agr., 1.iLS., L and R esearch and 
Regi011al Survey, O.S.I.R.O. 

A. V. Hill, M .Ag1·.Sc., Division of Plant Industry, 
C.S.I.R.O. 

W. G. Wells, Queensland Department of A~·iculture 
and Stock. 

J. G. Davies, B .Sc., Pb.D"' Division of Plant Industry, 
(UU.R O. ( e.1: offic·in member) . 

27. OoMlUTTEE ON OEr-'OLOCIIOAL RESEARCH. 

Professor J. A. P rescott, C.B.E., D.Sr., F.R.S., repre· 
senting C.S.I.R.O. (Chairman). 

C. Hasel~.rove, representing the Federal Viticultural 
Council. 

PTofessor J . B. Cleland, M.D., Oh.M., representing 
the University of .Adelaide. 

H . R. Haselgrove, representing the Australian Wine 
Board. 

28. F UEL RESEAROH .8.DVISORY COMMITTEE. 

R. S. Andrews, D.Sc., Melbourne ( Ohainnan). 
Professor T . G. Hunter, B.Sc., Ph.D .. University of 

Sydney. 
Professor C. E . Marshall, Ph .D .. Unive1·si.ty of Sydney. 
S. B. Dickinson, M.Sr., Department of Mines, South 

Aust.ralia. 
L. J. Rogers, M.Sc., B."E., D epartment of Supply and 

Development. 
C. R. Kent, B.Sc., Ph.D., D.I.0.1 J oiut Coal Board. 
R. P. Donnelly, Government Chemical Laboratorv, 

Western Australia. " 
J. R. Duggan, B.Sc., B.E., Cnlnnial Gaii AsQoeiation, 

Queensland. 
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H. R Brown, B.Sc., F.ng., Oonl Hrsr11n:-h Section, 
O.S.I.H.0. 

F. W . G. White, M.Sc., Ph.D., O.S.I.R.O. 
I. W. Wark, D .Sc., Ph.D ., Division of Industrial 

Chemistry, O.S.I.R.O. 
A. B. Edwards, D.Sc., Ph.D., Mineragrapl1ic Investi

gations, C.S.I.R.O. 
G. B. Gresford, B.Sc., C.S.I.R.O. (Secretary). 

29. :MELBOURNE 0RE·DREssrno Sun-co,111nTTEE. 
H. Hey, Electrolytic Zinc Oo. Ltd., lVIelbourne 

(Chairman). 
W. Bnrngwanath, Melbourne. 
G. B. 0':i\falley, B.Met.E., Melbourne. 
W. J. Rose, B.M.E., Melbourne. 
Associate Professor H. H. Dunkin, B.Met.K, School 

of Metallurgy, University of Melbourne. 
R. B. :Mills, B.Sc., Eleetrnlytic 7:inr Co. Ltd .. 

Melbourne. 
M . A. E. Mawby, F.S.T.C., Zinc Oorpon1tion Ltd., 

Melbourne. 
K. S. Blaskett, B.E. (Secretary). 

::io. KAr.oooRLIE Om:,;-nREssrno Sun-co~nrtTTEE. 

J. S. Foxnll, B.E., Department of Mines, Western 
Australia. 

F . G. Brinsden, Aust1·alin11 Institute of :Miniug nnd 
1\fota11mgy, Western Australia. 

R A. Hobson, R.Sc., School of Mines, Kalgoorlie, 
Western Australia. 

.T. R. H ylto1,, Great Boulder Pty. Gold Mines Ltd .. 
Fimiston, Western Australia. 

31. MINERAGUAPHIC COll[JlflTTEE. 

Eme.ritus Professor E . W . Skeats, D .Sc., Melbourne. 
W . E . Wainwright, A.S.A.S.M., Australasian Institute 

of Mining and Metallurgy. 

32. ELEOTR.Ic.u RESEARCH BoAltn. 

P rofessor Sir John Madsen, B.E., D.Sc., University of 
Sydney (Chairman) . 

R. Liddelow, Electl'icity Supply Association of 
Australia. 

V. J. F. Brain, Electricity Supply Association of 
Australia. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., U11iversity of 
Sydney . 

F. W. G. White, M.Sc., Ph.D., O.S.I.R.O. 
F. J. Lebany, M.Sc., Division of E lectrotechuology, 

C.S.I.R.0, 
F. G. Nicholls, M.$c., C.S.I.R.O, ( Conioint Secretary). 
R. C. R ichardson, B.E., Division of Elcctrotechnology, 

O.S.T.R.O. ( Conjoint Secretary) . 

33. RAnIO RmmAROH BoARD. 
Professor Sir John Madsen, B.E., D.Sr .. University of 

Sydney (Chairman). 
Lieutenant-Commander A. Brook, R.N. 
Lieutenant-Colonel D. W. F. Small, Assistant Con

troller (Telecommunications), A.J\LF. 
Wing-Commander J. W . Recl<lrop, Director of Tele

communications and Radar, R.A.A.F. 
R. v.<l. R. Woolley, M .A .. M.Sc., Ph.D .. :M:t. Strornlo 

Observatory. 
Professor H. C. Webster, D.So., Ph.D., University 0£ 

Queensland. 
Professor L. G. H. Huxley, M.A., D .Phil., Uui,•ersity 

of Adelaide. 
G. P . Ohippindall. P ostmaster-General's Department. 
E. G. Bowen. O.B.E., M.Sc., Ph.D., Division of Radio

physics, C.S.I.R.O. 
F. W. G. White, M .Sc., Ph.D., O.S.I.R.O. 
F . G. Nicholls, M.Sc., C.S.I.R.O. (Secretary). 

34. METEOROLOGICAL REsE.AR.cu OoNsuLTATrvE 
COMMITTEE. 

R. v.cl. R. Woolley, M.A., M.Sc., Ph.D., .Mt. 8tromlo 
Observatory (Chairman). 

P.l'ofessor Sir John Madsen, B.E., D.Sc., University of 
Sydney. 

l f. N . Warren, Commonwealth Meteorological Service. 
F. Loewe, Ph.D., University of Melbourne. 
E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio

pl1ysics, C.S.I.R.O. 
C. H. B. Priestley, M.A., O.S.I.R.0. 
a. B. Gresfo1·d, B.Sc., C.S.I.R.O. (Secretary ). 

35. AVIATION 'RADIO RESEARCH OoM.11HTTEE. 
E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio• 

physics, C.S.I.R.O. (Chairman). 
R. M. Badenach, Department of Civil Aviation. 
0 . S. Wiggins, Department of Civil J\ viation. 
Wing-Commander J . W. R ed<lrop, Director of Tele-

communications and Radar, R.A.A.F . 
M. H. Myers, Qantas Empire Airways Ltd. 
D. Stewart, B.E., Australian National n irways Ltd. 
F. E. Coate, Australian National Airlines Commission. 
E. P. Wright, B.Sc., Postmaster-General's Department. 
Captain L . E. Morey, Australian Air Pilots' 

.t\ ssociation 
F.W.G. White, M.Sc., Ph.D., C.S.I.R.O. 
F. G. N icholls, M.Sc., C.S.I.R.O. (SecrelnrJ;) . 

:l6. Rur1.nrr-;11 R EsE,IRCn C'oMMl'r'l't::~:. 
T. Langlands, B.E.E., M.Mech.E., Building Resea rd1 

Section, O.S.I.R.O. (Chairman). 
S. H. Bastow, D.S.O., B.Sc., C.S.I.R.O. 
T. J. Cavanagh, Sydney. 
D. V . Isaacs, M.0.E., Department of Works and 

Housing. 
J. W . Drysdale, Department of Works and Housing. 
R. E. Banks, Department of Works and Housing. 
L. D. Wright, Department of Labour and National 

Service. 
S . . \ . C'lnrkr, n.K, Di,·ision of Por C'~t Prodncts, 

O.S.I.R.O. 
W . F. Evans, B.Sc., Building Research Section, 

C.S.T.R.O. (Secretary ) . 

37. CATALOGUE OF SCIENTIFIC AND T ECHNICAL 

PERIODIC-6.LS-EDITORIAL COMMITTEE. 

Leigh Scott, M.A., Librarian, University of Melbourne. 
John Metcalfe, B.A., Principal L-ibTarian, Public 

Library of N .S.W. 
C. A. McOallum, B.ii., Chief Librarian, Public Library, 

Melbourne. 
Elli11or Archer, M.Sc., Chief L ibrarian, C.S.I.R.O. 

:x::xxur. STAFF. 
The followil1g is a list of the staff of the Organization 

as at 30th J uue, 19n1. The list do f.'ls not include 
rlcrical stnff, ty11ists, l aboratory assistants, and misoel
laneons workers . 

1. HEAD O FFICE. 

(Read-quarters: 314 Albert-street, East jfolhourue.) 
C'hnirman-I. Clunies R oss, D .V.Sc. 
C'hief ~xecutivc Officer-F. W. G. White, :M.Sc., P h.D. 
E xecut1Ye Officer- S. H. Bastow, D.S.O., B.Sc .. P h.D. 
Sccretary- G. A. Cook, l,1.C., M.Sc., BJvLE. 
Assis tant Executive Officer-H. 0 . F orster, M.Agr.Sc., 

Ph.D . 
Assi~tant S eC'reta ry-F. G. Nicholls, M.Sc. 
Assistant Secretnry'-G. B. Gresfor<l, B.Sc. 
.\.$sistnnt S corE!tary-W . ! Yo~, M .Ec., A.LO.A. 
Assistant .Secretary (Fiiiauce and Snpplies)-M. G. 

Grace, A.LC. A. 
Sen~or R ~ enreh Officer- D. T. C. Gillespie

1 
M .Sc. 

SC'ntor Research Officer-,T. F. H. Wrigh t, B.Sc. 
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Research OtJice1·-P. F. Butlei·, M.Sc.Agr. 
Research Officer- j\[iss J . Dmlstone, B.Sc., Dip . .EJ. 
A.rcbitect-W. R. Ferguson, B.E. 
Assistant to Archi tect-N. Schmidt. 
Electrical and Mechanical Enginecr-H. N . . Morse, 

B.Sc., B.E. 
1£lectrical Engineer- A. McLean, B.E.E. 
It clil o rial-

E cl i tor- N. 8. Noble, D.Sc.Agr., j)f..S., D.LC. 
Senior Ilesearch Officer-R. W. Bond, B .Sc. 
Research Officer-Miss L. J!'. Plunkett, B..Sc. 
Research ,Officer-Miss M. Walkom, B.A. 
Teclmical Officer- D. H . Tuck, B.Sc. 

uibrary-
Ohief Librarian-Miss E. .Archer, M.Sc. 
Libi-arian- Miss l i. L. Kent. 
Lilmn·ian-Mis.s F. V. Murray, M.Sc. 
Librarian-Miss J. Oonochic, B.Sc. 
Librarian- Miss n. C. L. Doubleday, j),J .A. 
. \ ssistant Librarian-1vliss J . Rosenberg, B.A. 
Assistant Librarifln-1vfos T. Koet.sier, B.A. 

. ·lccounls, 8tores-
:\ccoun tant-D. J . Bryant, .A .F.I.A. 
Snb-Accountnnt- R. W. Viney, A.LC.A., A.C.I.S. 

Orders and 1'mnsvort
J. :M. Derum. 

StafI-
Staff and Industrial Officer-H. E. Waterman, 

.A.F .I.A.. 
R. D. E lder. 

H-ecords-
l ' . Knuckey. 

C'<•nlral H:i;perimenlal Works/ioz;s
Engincer-in-chargc-F. G. Hogg, B..1£. 
Design Eugineer-lC. A. Robeson, BJv[ech.E. 
a\ ssistant Engi11eer-J. Kowalczewski, Dipl.I ng. 
Chief Draught~num-G. T . StC'phens, Dip.:Mecb.Eng., 

Dip.E lec.Eng. 
hiti-ison O 1;erseas

l onclon-
Ch ief Scientific Liaison Otliccr- ,J . .E. C11 llllll ins, 

13.Sc., i r.s. 
Principal Reseia·ch Officer-I. L. Johnstone, 

B.V.Sc. 
Senior Resrarch Officer - A. 13. Hackwell, 

B.,i.g r.Sc. 
11 'a sh·inlJ / on-

Scn i ~ r R esea rch Ofliccr- T. C. Bell, B.Agr.Sc. 
I 11/ormat-io-n Service-

Research Officer-R W. Crabtree, B.Sc. 
Resea rch ,Offieer-l.Iiss J. 1foL. Baldwin, B.Sc., 

Dip.Ed. 
Research Officer- G. J. Walker, M.Sc. -
Technical Officei·-Miss T. H . R obertson, M.Sc., 

D.A.0 . 
/) oc1t111enlation 8eclim~-

Rescarch Officer-G. J. Wylie, B.A., B.Sc. 
Technical Officer-Miss G. M. Lesslie, B.Sc. 

'l'mnslation Section-
Senior Translator- A. L. Gunn. 
Translator-E. F rig], Ph.D. 
Translator-Mrs. M. Slade. 
Translator-Mis.~ .P. A. Gibson, B.A. 
Translator-H. E. Kylstra, B.A. 
In Sydncy-

Translator-0 . Wouters, D. es L. 
[?ilm Unit-

Research Officer- S. T. Evans, B,Sc. 
A gricull·ural Reseai·ch Lia.ison S ection,

Officer-in-charge- R R. Pe11nefather, B.Agr.Sc. 
Research Offi.cer-A. F. Gurnett-Smith, R.Agr.Sc., 

Q.D.D. 

;J. ,S.1,;cu1;-r,1nrns oir STAT!,; Uo11ou1"r1::.i,;s. 
.\'ew Soulh ·w ales-

A. J\l . Andrews, B.l:lc., Phillip House, 119 P hillip
st reet, Sydney. 

1 ·ictoria-
F. G. Nicholls, 1vLSc., 814 Albert-street, East 

:Melbourne. 
(.} ueensl an.d--

Miss I L F . Todd, l 13 E agle-street, B1·isbane. 
:::ionth iluslralia--

J . Ward Walters, Di,·ision of Biochemistry and 
General Nutrition, University of Adelaide. 

I I' esleni A ustralia-
H. P . Roberts, iVU:ic. (Agric.), Department of 

Agriculture, P erth. 
'/ 'asma711ia-

D. .i\l::n-t.in, B.l:le., "Stowell", Stowell-arenue, 
H obart . 

o. D1v1s10l\ 011• ANJMAL H E ,I LTl! At;D .P1t0DuCT10N • 

(H ead-quarters : Ur. l!'lemington-road and J:'ark-street, 
Parkville, Melbourne.) 

,-lt Divisional fl ead-quarlers, Jltlelbourne
Chief-L. B. Bull, D.V.1Sc. 
Divisional Srr:retary-.A. J. Vasey, B.Agr.Sc. 
Assistant Divisional Secretary-N. M. Tulloh, 

B.Agr.Sc . 
Clerk-J. J. Foley. 

:l t A n·imat H eallh Research Laboratory, J.11 etboume
Assi.stau t Ohief of Division and Officer-in-charge

A . W. Tumer, O.B.E., D.Sc., D.V.Sc. 
.l:'rinci pal Research Officer (bacteriology )-T. S. 

Gregory, B.V.Se., Dip. Baet. 
I'rinci pal Research Officer (pathology, bac

teriology, dairy cattle )-D. Murnane, D. V.Se. 
Sen ior Research Officer (bacteriology, beef cattle) 

-A. D. Campbell, L.V.Sc. 
Seuior Hesearch Officer (physiology)-R. H. 

Watson, D . .Sc.Agr. 
Senior Hesea rcb Officer ( organic and immuno

chemistry)-A. T . Dann, M.Sc. 
Senior Research Officer ( chemical pathology aud 

bacteriology)-A. T. Dick, M.Sc. 
Sen ior Research Officer (bacteriology, dairy 

cattle)-E. l\fouch-Petersen, M.Sc., B.A., M.J.F. 
Research O'fficer (microbiological cbemistry)

A . W. Rodwell, :Of.Sc., Ph.D. 
Research Officer (microbiological chemistry)

:Mrs. B. S. Rodwell, M.A., Ph.D. 
Research Officer ( chemical pathology and analyti

cal chemistry)-J . n. Bingley, D .A.0 . 
Re.sea rch Officer ( bneteriology)- Miss C. E. 

Eales, B.Sc. 
ltcsearcli Officer (bacteriology)-Miss M. J . 

:i\Ionsbourgh, B.Sc. 
Research ,Officer (dairy c:attle physiology)-H. G. 

Turner, B.Agr . .Sc. 
Research Officer (physiology )-G. Alexander, 

13 .. Agr.Sc. (on study lea,·e) . 
J{e.search Officc1· (phy.siology)-I-I. i\-L Radford, 

B .Sc. 
Hesearch Officer ( clinical qiochemistry)-Miss 

V. E. Hodgetts, B..Sc. 
Hesearch Officer ( physiology )-J. S. McKenzie, 

B.Sc. 
Teelrnienl Officer-M. W. Mules. 
Tech11ical Office1·-R. Wold. 
Technical ,Officer- A. E . Wright. 
Technical Officer-J. J . Spencer. 
'l'ecl111ical ,Officer- R. A. Fookes. 
Technical Officci·-N. E . Southern. 
Technical Officer-I. S. Goldman. 
Librarian-Miss F . V. Mu!'l'ay, lf.Sc. (part-time). 



S·urvey of JJeef Ua/.lle Prod·uclion,----
Scnior Research Officer-W. A. Beattie, M.A., 

LL.TI. 
,LI P.ield Station, W erribee, 1 • ic:loria

Dairy G'alllc ln·veslig1il·ions-· 
Teclmical Officer-L. C. Gamble. 

l'oullry Brcctling I nvestigcilionl.i-
Senior Research Ofricer-F. Bkaller, l:l.Agr.Sc., 

B.Com. (on leave). 
Research Ollicer-J. A. :Morris, 13.Sc.Agr. 
Researcli Oflicer- G. 'vV. Grigg, M.Sc. ( on stu<ly 

leave) . 
Technical Officer-T. E. Allen, B .Sc. 
Technical Officer-W. J . Lloj•<l. 

Al .McJiasler tlnimal Health L<iooratory, Sydney
Assisti111t Ohief of Division and Oflicer-in-charge

D. A. Gill, M.R.C.Y.S., D.Y.S.M. 
.Pri.nci•pal Research Officer (parasi tology)-

H . McL. Gordon, 13.Y.Sc. 
Pri11cipal Research Officer (biochemistry)-M. 0 . 

Franklin, M.Sc., Ph.D. 
Senior Re.search Officer (helmiuth physiology, 

parasitology)- W. P. Rogers, JvLSc., Ph.D. 
Senior Research Officer (bacteriology)-D. }'. 

Stewart, B.V.Se., Dip. Bact. 
Senior Research Officer (biochemistry )-U. R. 

Austin, M.Sc., B.Y:Sc. 
Research Officer (biochemistry)-R. L. Reid, 

B.Sc.Ai:,•-r., Ph.D. 
Research Officer (parnsitology)-B. A. Forsyth, 

B.V.Sc. 
Research Officer (biocbemistry)-W. lC 

Warburton, LL.B., B.Sc. . 
Re.scan:L Officer (physiology)-A. W. H . Bradon, 

B.Sc. 
Researcl, Officer (ltelminth physiology, para

. ,i.tology )-V. Massey, B.Sc. (on study leaYe). 
Research Officer (ectoparasites)-:Miss T. 11. 

Scott, B.Sc. 
Besearch Offi<:cr (parasitology) - R J. 

i:ionnuerviJle, :M:.Sc. ,'.g1·. 
Hesearch Otficer (holminth physiology, ·para

sitology)-Miss IL B. Esserman, B.Sc. 
Jan :Mc:i\fa.;tcl' Rese:nch Scholar-P. R. Whitfield, 

B.Sc. 
lan 1\IcMa:-;tei· Research ScholH- I'. K. Briggs, 

B..Sc.Agr. 
Technical Olficer-H. A. Offort1. 
Technical Officer-F. J. H.amilton. 
Teclmical Ofl'iccr- H . V. Whitlock. 
Tecb11ieal Officer-G. 0. Merritt. 
Teclmi.cal Officer-.'\. C. Jule:ff. 
Technical Ollicer- B. L. Campbell. 
Cle1'k-H. H . Wilson. 
Librarian-Miss A. G. C11ley, M.Sc. 

A.t Wool Biology Lauoraloi-y, Sydney
Officer-in-charge (wool hiology)-H. B. Carter, 

B.V.Sc. 
Research Officer ( tissue cul tu re )- 1\ifiss M. H . 

Hard,v, M.Sc., Ph.D. 
Research Officer (wool biology)-K. Ferguson, 

B.V.Sc. (011. study leave). 
Research Officer (tissue cultnre)-Miss P . 

Du.viclson, B.Sc. 
Researcl1 OffiC'cr (wool biology )-B. F. Short, 

M.Sc.Agr. 
Re.~earcb Officer ( ph_ysiology )-J. H. E lliott, 

B .Sc. 
Technical Office1·-D. L. Hall. 
Technical Officer-W. H. Clarke. 

Sheep Breeding Invesfigalions-
11esearch Officer-A. A. Dunlop, M.Agr.Sc., Ph.D. 

A l Jt'lcece Ancilysis Labornlory, Villawood, New South 
Wales-

Officer-in-charge ( \\'ool metrology)-N. F . Roberts, 
M.,Sc. 

Research Officer ( wool metrology )-L. T. Wilson, 
B.Sc. 

Technical Officer-Miss L. Folley. 
_,J l llegio111il Pastoral .Laboratory, A1•midale, New South 

Wales-
Officer-in-chal'ge (parasitology, field studies)

I. L. J obnstone, B. V.Sc. ( on leave) . 
Acting Officer-in-cha1·ge ( agrostology )-R. Roe, 

B.Sc.(Agric.). 
Re.search Officer (animal husbandry)-J. F . 

Barrett, B. V.Sc. 
11csearch Officer (parasitology )-W. H. Southcott, 

B.V.Sc. 
Technical Officer ( orerseer)-V. D. P rentice, 

O.B.E. 
Technical Office1·-P. B. Sutton. 
Technical Officer-Miss L. C. La wrenee ( on 

leave). 
Technical Officer-R. J·. Lewis. 
Technical Officer-J. W. Carr. 
Technical Officer-R. L. Rocks. 

At F. D. ll1cli1aster Jt'ield Station, Badgery's Greek, 
New South Wales-

1\ssistan t Chief of Di vision and Officer-in-charge 
(animal genetics)-R. B. R eiley, D.V.Sc. 

Research Officer (sheep breeding)-R. H. 
Hayman, B.Agr.,Sc. 

A I l" eleri:nary Pa1•a s·itol ogy .Laboratory, Y eerongpilly, 
Q1ieensland-

O-fficer-in-clrnrge (parasitology )-F. H. S. Roberts, 
D.,Sc . 

Hesearch Officer (parnsitology)-P. H. Durie, 
B.Sc. 

Research Officer ( entomology, pathology )-R. S. 
Riek, B.Y.,Sc. 

Te<'lmical Officer-R. K. Keith. 
8irrvey of Fi1ie ·wool Prorl1wlion-

Senior Research 0-fficcr- J·. H. Riches, B.Sc.Agr., 
Ph.D. 

('little Breecl-ing Invest·igations-

H.esearch Officer-D. F . Dowling, D.Y .Sc.1 B .Sc., 
Ph.D. 

Al Department of Physiology, Universi.ly of Queens
larid, Brisbrme-

Resea reh Officer (pbysiology)- N. T. M. Yeates, 
B.,£c.Agr., P h.D. 

Al X cition:a l Ji' ield 8 tabion, " Gilrnth Plains ", Cunna
mv lla, Queensland-

Officer-in-charge (sheep breeding)-J. F. 
Kennedy, M.Agr.Sc. 

Resear?h Office1· (sheep breediug)-C. H. S. 
Dollmg, B.Agr.Sc., R.D.A. 

Technical Officer (oYersecr)-P. II. G. Sheaffe. 
Technical Officcr-F. J. Willett. 

11t W este~·n Australian Depa1·t-ment of Agriculture, 
.1lni1na.l H enlth a-nd N iit?-ition Laboratory. 
N edlands, Western .d. itst1-a lia-

Senior Research Officer (biochemistry)-A. B. 
Beck, M.Sc. 

At Regior,,al Pastoral Laboratory, Deniliqwi-n, New 
South Wales-

Sh11e11 Rre(:(l·in_g Invesl·igul.ion~-
Technical Officar-F. S. Richardson, B.Agr . .Sc. 
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4. ATOMIC PHYSICS. 
A t Ii n i,versity of J,1 elbo1trne-

Research Officer-W. B. Lasicb, M.Sc. (on study 
lenve). 

Ilcs('n l'rh ODicel'-J. R. Prescott, H.Sc., Ph.D. ( 011 
study learn). 

Research Officer-J. H. Parry, M.Sc. 
Tn1cer Elements Unit (at Oom.monwcalth X-ray and 

Radium Laboratory, Melbourne)-
Principal Research Officer-T. I-I. Oddie, D.Sc. 
Research Officer-A. M. Downes, M.Sc. 
Research Officcr-K. R. Ly1111, B.Sc. 

Al Uwiversity of 'l'asmania-
Research Officer- D. W. P. Burbury, B.Sc. 

At Atomic Energy Research Establishment, Harwell, 
England-

Principal Research Officer-0. 0. Pulley, B.Sc., 
.B.E., Ph.D. 

Senior Rcscarc·l1 Ofli.ccr-0. }). J3oadlr, B . .M. K 
Senior Research Officer-J. N. Gregory, 1LSc. 
Senior Research Officcr-R. H. Myers, M.Sc., 

Ph.D. 
Scntinr He,;l•an·h Oflfr.er- <.x. L. :.\files, B.,\., .M.S('., 

Ph.D. 
Research Officer-N. A. Faull, B.Sc. 
Research Officer-D. F. Sangster, B.Sc. 

5. Drvrn10N 01> BrncIIEMIS'J'RY AND GENERAL NUTRITION. 
(HHad-quarters : University of Adelaide.) 

Chief-H. R. Marston, F .R . .S. 
Divisional Secreta·ry-J. Ward Walters. 
Principal Re.search Offirer-A. W. Peirce, D.Sc. -
Principal Research Officcr-D. S. Riceman, M.Sc., 

B.Agr.Sc. 
Senior Researcl1 Officer-£. W. Lines. B.Sc. 
Senior Research Officer-,-H. J . Lee, ~[.Sc. 
Senio1· Research Officer- F. V. Gray, M.Sc. 
Senior Research Officer-Miss M. C. Dawbarn, M.Sc. 

(par t-time) . 
Research Officer-]. G. Janett, M . .Sc. 
Research Officcr-G. D. Jones, M.Sc. 
Research Officer- T . .A. Quinlan-Watson, :M.Sc. 
Research Officcr-L. J. Fralm, M.Sc., Ph.D. 
Research Officer- Miss S . H. Allen, B.Sc. 
Research Officer-:Miss P. Macbeth, B.Sc. 
Research 01:licer- A. F. Pilgrim, B..Sc:. 
Research Officer- B. J . Potter, M.Sc. 
Research Officer-J. K. Powrie, M.Sc., B.Sc.(Agric.). 
Research Officer-R. :M. Smith, B.Sc. 
Research Officer- R .A. Weller, B.,Sc. 
Research Officer- R. E . Kuchel, B.Sc. 
Senior Technical Officer- D. W. Dewey. 
Technical Officcr- R. E. Underdown, A.S.A.S.:M. 
Technical Officer-R. M . Sangster, R.D.A. 
Technical Officer- V. A. Stephen. 
Technical Officer-J. 0 . Wilson (part-time). 
Technical Officer-D. F. Graham. 
Technical Officer-0. E. Sleigh. 
Te('hnical Officer-R. F. Trowbridge . 
.c.\ ssistant; Librarian-Miss P. M. Smith. 
F nrm :Mannger-R. H. Jones, R.D.A. 

6. Drvrsro:-. OF ButLmNo R E sEARCH. 

(Head-quarters : Graham-road, Highett, Victoria.) 
Adminis{ration-

Ohief-I. Langlands, :M:.llfech.E ., E .E.E. 
Technical Secretary-W. F. Evans, B.Sc. 

Jnformat·ion and Library-
Senior Research Officer- J. R. Darned, B,Sc. 
Research Officer- R. 0 . McTaggart; B.Sc. 
Research Officer (part-time)-Mrs. 0 . M. Petric, 

:M.A., P h.D. 
Technical OfficeJ' ( photography )-E. S. Smith. 
Librarian- Jvfiss S. A. Hammill. 

.. 

Physical and JI{ echanical T esting Laboratory
Research Officer- R. E. Lewis, B.Sc. 
Technical Officer-F. D. Beresford. 
Technical Officer- W. U. S. Falk, F.M.T.C. 
Technical Officer-:Miss V . R. Goullet. 

Concrete lnvestig-ations-
Re.,earch Officer-F. A. Blakey, B.E., Ph.D. 
Research Officer-W. H. Taylor, M.O.E. 
Technical Officer-E. N. Mattison. 

Jli asonry I nvesligations-
Principal Research Officer-J. S. H osking, M.Sc., 

Ph.D. 
Senior Research Officer-II. V. Hueber, Dr.Phil. 
R esearch Officer- W. F. Cole, M.Sc., Ph.D. 
Re.search Officer-J. A. Ferguson, M.Sc., Ph.D. 
Research Officer-R. D . Hill, B.Sc., B.Com. 
Research Officer-Mrs. T. Demediuk, Dr.Phil. 
Technical Officer-.\.. R. Carthew, B.<Sc . 
Technical Officer--Miss :M. E . Neilson, B.Sc. 
Technical Officer-A. E. Holland, A.M.T.C. 
Technical Officer-Miss A. Feldman. 

S 11rfacing Materials lnvest·igations-
Senior Research Officer-E. H. Waters, M.Sc. 
Research Officer- J . M. Hutson, M.A., B.Sc. 
Research Officer- J . E . Bright, B.Sc. 
Technical Officer-D. A. P owell, B.Sc. 
Technical Officer-I. McLachlan. 
Technical Officer-G. H . Price, B.Sc. 

Acouslics cmd Thermal Investigations-
Senior Research Officer-R. W. R. Muucey, B.E.E. 
Research Offic:er-J\. F. B. Nickson, M.,Sc. 
Research Oflicer-W. IC. R Lippert, Dr.Phil. 
:Research Ofticer-T. S. Holden, B.S c. 
Technical Officer-A. W. Wilson. 
'l'eclmical Officer- J. J . Rus.~cll. 

Urganic Molerinl,s ln:vestigations-
.Senior Research Officer-B. M . Holmes, M.Sc. 
R esearch Officer- E. R. Ballan tyne, B.Sc. 
Research Officer-J. J. Greenland, B .Sc.(App.). 
Technical Officer- N. G. Brown, A.M.T.O. 
Technical Officer-,T. W. Spencer, B .Sc. 

lJmw·ing Office-
Sectional Drnughtsman-G. T. Stephens, Dip. 

:Mech.Eng., Dip.Elec.Eng. 

7. Co,u , RESE;!.RCU ,SECTION. 

(H<'au-quarter ti : Delhi-road; N01·th Ryde, New South 
Wales.) 

Ofli~c1·-i11-charge-H. R. Brown, B.Sc.Eng. 
Assistant Librarian- Miss J.M. Hazlitt, B.A. 
.Senior Research Officer-H. Berry, M . .Sc.(l'ech.). 
Research Officer-R. I-I. Jones, B.Sc. 
Senior Technical Ofilcer- M. S. Burns. 
Senior Technical Officer-0. Morris. 
Technical Oflicer-H. F. A. Hcrgt, A.M. T.O. 
Technical Officer-A. Wlasow, Dip.Chem.., Dip.Ing. 
Technical Officer-H. N. S. Schafer, B.Sc. 
Technical Officer-T. P . Maher, B . .Sc. 
Technical Officer-A . .T. Ryan, B.Sc. 
Technical Officer- Mrs. B. J. Nivison-Smith, B.Sc. 
Technical Officer-J. P. F. H ennelly, B.-Sc. 

S. Co ~ucoi\' 11·i,;A LT11 lh;sEARCH S-rA'l'ION (M u RRA, 

InmoATlON .Anl>As ). 
(Hea.d-quart-ers : Merbein, Victoria.) 

Offi.cer-in-charge- F. P enman, M.Sc. 
Principal Research Oflicer-E. C. Orto• , TI.Sc. 
Senior Research Ofilcer- J. G. Baldwin, TI.Sc., 

B..\gr.Sc. 
HesonrC'l1 Offir.er- G. V. F. Olr 11·ett, B.E. 
Research Offit:er-W. J. W,ebster , B.Sc. 



Research Officer-A. J. Antcliif, B.Sc. 
Research Oilicer-:M:. R. Sauer, B .Agr .Sc. 
Research Officer-S. F. Bridley, B.Agr .Sc. 
Resea,rch O:tlicer-R O. Woodham, B.Agr.Sc. 
Research Ofiic-er-D. M. Alexander, B .Sc. 
Hc.~earch Officer--L. R Finch, B.Sc. ( o·n study leave) . 
Senior Technical Oflicer-J. E. Giles. 
Technical Officcr-G. L. Stott, A.S.T.U. 
District Oflicct· (Nyah-Woorinen)-R. O. l'olkinghorne 

(part-time) . 
District Officer (Wakool)-1:L Jackson (part-time) . 
District Officer (Renma,rk)-J. V. Seekamp, B.Agr.Sc. 

(part-time). 

9. DAmY REsBAHOII SEOTLO.N. 

( H ea<l-qun rters: Lorimer-street, Fishermen's Bend, 
Victoria.) 

Oificer-in-charge--G. Loftus Hills, 13.Agr.Sc. 
l">riucipal Research Officer-N. King, M.Sc. 
Senior Research Ofiicm·-E. G. Pout, M.Sc.Agr. 
Senior R cse:u ch Officer-K. Kumetat, Ph.D. 
Rese:ll'ch Ofticel'-J . {)ouochic, B.Sc. (Agric.). 
Research Officer-.\ . J. LawrcHcc, B.Sc. 
Research Officcr--D. A. Fo-rss, M.Sc. 
Research Officcr-J. Czulnk, B.Sc. (Agric.). 
Research Ofliccr-J. W. Lee, ]3.Sc. 

10. D lVISION OJ' ELECTROTEOHNOLOGY. 

(Head-quarters : N ationnl Standards Laboratory at 
Universit_y of Sydney.) 

Chief-F. J. Lehnny, M.Sc. (abroad). 
Acting Chief-A. M. Thompso11, B.Sc. 
Teclmical Secretary-R. C. Richardson, B..E. 
Senior Research Officer-L. G. Dobbi-e, :M:.E. 
Senior Research Officcr-W. K. Olo-thier, B.8c., .J\LK 
i::lenior Research Officer-R. J . hleakins, B.Sc., Ph.D. 
Senior Research Off-icer-R. .A. Sack, B.Sc., Ph.D. 
Senior Hesearch Officer-13. V. Hamo·n, B.Sc., B.E. 
Senior Research Officer--D. L. Hollway, B.E.:E., 

M.Eng.Sc. 
Research Officer- L. Medina, Dipl.Iug. 
Resea,rch Officer-D. C. Pawscy, B.E.E. 
Research Oflic--cr-,T. S. Drydcu, M.Sc., Ph.D. 
Research Officer-G. J. A . Cassidy, n.E.E. 
Research Officer--]=>. G. Walker, B.Sc. 
Resear-ch Officer-T. M. Palmer, Dipl.F.H . 
Research Officer-IT. K. Welsh, M.Sc. 
Research Oflfoer-D. W. Posener, M.Sc. 
Research Officer-Miss :f. W. :Mulley, .A.S.T.C. 
Resea,rch Officer-D. G. Lnmpard, B.Sc. 
Research Officer--J. J. O'Dwyer, B .Sc., B.E. (abroad). 
Research Officer-D. L. H. Gibbins, B.E. (abroad). 
Scrnior Technil'n) Offie:c1·- L )f. Mandi, Dpl.Ing., 

.A.S.T.C. 
Senior Technical Officer-:E'. C. Brown, A.S.T.C. 
Tec]mical Officer-R. W. 1-\rchcr, A.S.T.C. 
Technical Officer-H. A. Smith, A.S.T.C. 
Technical Officer- R. V. Single. 
Technical Office1·- H. C. Collins, .A.S.T.C. 
Technical Offieer-J. M. 1\f.elano, A.S.T.C. 
Technical Offi.ccr-Miss M. C. Clark, B.S<'., A.S.T.C. 
Technical Officer-H. Bain1sfather. 
Technical Officer-E. Cowcher, B.A .. A.S.T.C. 
Teclrnical Officer-Miss P. M. G. Thompson, B.Sr. 
Technical Officcr-P. C. Nolnn, B.Sc. 

11. DIVI::ilON OF EN1'0MO'LOOY. 

(Head-quarters: Canberra, Australian Capital 
Territory.) 

A f. Ocinberra.-
A cl1ni11ish·a.tion-

Chief- L\.. J. Nicholson, D.Sc. 
Technical Secretary-K. L. Taylor, B.Sc.Agr. 
Libr_arian (half-timc)-Miss J. Humphreys, B.A., 

Dip.Ed. 

Senior Clerical Officer (half-time)-K. J. Prowse. 
Accountant (half-time)-D. W. Banyard. 
Illustrator- L. A. Marshall. 
Photographer-D. H . Wilson. 

.8iological Oontro'l-
Principal Research Offic€>r-F. Wilso11. 
Research Officer-E. F . Riek, M.Sc. 
I-fesearch Officer-G. J . Snowball, B.Sc. 
Technical Officer-G. R. W earne. 

1lluseurn,--
Research Officer-T. G. Campbell. 

'J'cw;onomy of Dipter~ 
Seuior Research Officer-S. J. Parall'.louov, D.Sc. 

l'ltysiology and Tomcology-
Principal Research Officer-D. F. Waterhouse, 

M.Sc. 
~enior Research Officer-D. Gilmour, M.Sc. 
Research Officer- R. F. Powning, A.S.T.C. 
Technical Officer-L. G. Webber, B.Sc. 
Technical Officer-H. Irzykiewicz. 
Technical Officer-Mrs. M. M. Goldberg, B.Sc. 

111secticide 1 nvestigations-
Resea rch Officer-R W. Ken, B.Sc. (abroa.<l) . 

Lornsl and Paslitre Pests-
Principal Research Officer-K. H. L. Key, D.Sc. 
Research Officer-P. B. Carne, B.A.gr.Sc. 
Technical Officer-L. J . Chim1ick, RD.A. 

Yirus Vector Investigations-
Senior Research Officer-M. F . Day, B.Sc., .Ph.D. 
Research Officer-A. L. Dyce, B.Sc.Agr. 
Technical Officer-N. E. GrylLs, D.D.A. 
Technical Officc1·-Miss A. K. McKinnou, H.Sc. 

'./'t>rnl'ile I n-vestigalions-
Senior Research Officer-]?. J. Gay, B.Sc., D.l.C. 
Tec:hnical Officer-1\.. Wetherley. 

:,;heep Blowfiy Investigations-
Senior ~esearch Officer-K. R. Nonis, ~U:ic. 
Technical Officer-K. Laucis. 

.·lnt 1 M'eslir;alions--
Researcb Officer-T. Greav<'s. 

Population D.trriamif:s-
Chic•f of DiYisio11-A. J. Nicholson, D.Sc. 
Scniol' Teclmical Ofriccr-- A. 1'. Mills. 
Technical Offic:er-S. Dec. 

/'ashtre Oat!'.rpillar Investir;c~iions-
Rcsearch Officer-I. F. P . Common, .M.A., 

B.Agr.Sr. 
l'ests of St01·ed Products-

Research Officer-S. W. Bailey, TI.Sc., A.R.C.S. 
Al l" eeronigpilly, Queensland-

(' a ti I e Ticlc I nvesti_qations-
Sen ior Research Office,r-L. F. Hitchcock, Ivl.Sc. 
Research O:fficcr-W. J . Roulsto11, B.Sc. 
Technical Offirer-R. A. J. Meyers, Q.D.A.H., 
Q.D.D. 

.-1 I Roclchamplon, Qiieensland
Oattle Ticlc lnvestigations-

Research Officer-P. R. Wi1kinson. }.IL\. 
Technical Officer-J. T. Wilson, Q.D.A. 

T 11 IV estern A·ustrali11r-
Bar/11 Jfite Jn,vestigal'ions-

Research Officcr-M. 1i'L H. Wallace, B.Sc. 
Technical Officer-J. A. 1'Iahon, Dip.D.Sci. 

Al Bri'.,qht, Victori11r-
St. John's Wort Investigation.~-

Senior Research Officer-L. R. Clark, M.Sc. 

12. DIVISION OF FJSHEIHES. 

(Head-quarters : Cronulla, New South Wales.) 
A I Oronull0,-

Chief-H. Thompson, M.A., D.Sc. 
Technical Secretary-Mrs. L. M. Willings, B..A.. 
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Seniol' Principal Research Oflicer-G. W. Rayner, 
M.Sc. 

Principal R esearch Offieo1· (bacteriologist)-:E. J . 
Ferguson Wood, B.A., M.Sc. 

Senior Research Officer (biologist)-M. Blackburn, 
M.Sc. 

Senior Research Officer (chemist and hydrologist) 
- D. J. Rochford, B.Sc. (abroad). 

Research Officer (biologist)-I. S. R Mumo, 
M.Sc. 

Research Officer ( ichthyologist)-A. M. Rapson, 
M.Sc. 

Research Officer ( chemist and hydrologist)- R. S. 
Spencer, B.Sc. 

Research Officer (biologist)-G. S. Grace, 13.Sc. 
Research Officer (planktologist )-Miss P. Kott, 

M.Sc. (abroad) . 
Research Officer (algologist)- A. B. Cribb, B.Sc. 
Technical Officer (biologist)-J. P. Robins, B.Sc. 
Technic:il Officer-F. E. Allen. 
Marine Superintendent-Commander R. H. 

Thornton (abroad) . 
Senior Technical Officer (Laboratory) - .\. 

Proct.or. 
Technical Officer (laboratory)-G. A. Gordon. 
Gear Officer-A. Temple. 

.tit }.felboii me-
Tcchnica 1 Officer (biologist)-P. E . Gartner, B.Sc. 

At Perth-
Senior Research Officer ( officer-in-charge. 

biologist)-D. L. Scrcnty, B.Sc., Ph.D. 
Research Officer (biologist)-K. Sheard, M.Sc. 
Research Officer (biologist)-W. B. Malcolm, 

B.Sc. 
Rcse,nch Officer (biologist) - R G. Uhittleborough. 

B.Sc. 
Technical Officer (hydrologist)-H. R .Tim. 

B.Sc. 
Teclmical Officer-A. :Middleton. 

. -Lt Hobart-
Senior Research Officer ( biologist )-J\. G. 

Nicholls, B.Sc., Ph.D. 
Research Officer (biologist )-A. M. Olsen, }.(.Sc.:. 
Research Officer (biologist)--A. H. Weatlrnrle,y, 

B.Sc. 
. H Dun11Uich, Q1wenslandr--

Research Officer (biologist)-J. M. TholllSOll, 
M.Sc . 

. H Thursday Island, Queensla1ulr-----
Research Officer (biologist)-J. S. Hynd, B.Sc. 

13. FLAX RESEARCH SECTION. 

(Head-quarters: Graham-road, Highett, Victoria.) 
Officor-in-charge-W. L. Greenhill, M.E. 
Senior Research Officer-Miss J. F . Couchman, B.Sc. 
Senior Research Officer-G. W. Lanigan, M.Sc. 
Research Officer-JC Stiebris, D.Sc. 
Research Officer-W. Shepherd, B.Sc., 13.Ag.Sc. 
Technical Officer-M. Tisdall. 

14. DIVISION OF FooD Pm,sERVA'rION AND TRA NSl'OltT. 

(Head-quarters: State .Abattoir, Homebush Bay, 
New South Wales. ) 

11t Homebush, New Soitth Wales--
Arbninist?-ation and General--

Ohief-J . R. Vickery, M.Sc., Ph.D. 
Tcclrn ienl Sec1·otary- R n. Wit!tc rs, .\LSe., 

Dip.Ed . 
Librarian-Miss B. J ohnston, B.Sc. (abroad). 
Assistant Librarian-Miss J . H icks. 
1\faintennnce Engineer-T. L. Swan. 

F .6054.- 1O 

fJhysics and ~l'ransport Section,--
Principal Research Officer-E. W. Hfoks, B.A., 

B.Sc. 
Senior Research Officer-M. C. Taylor, M.Sc. 
Research Officer--G. M. Rostos, Dipl.Ing. 
Technical Officer-M. B. Smith, A.S.A.S.M. 
Technical Officer-J. Mellor. 

111icrobiology Sectio11r--
Principal Research Officer-W. J. Scott, B.Agr.Sc. 
HeseRi·ch Officer-M. R. J. Salton, M.Sc.Agr. 

(abroad). 
Hesearch Officer-W. G. Murrell, B.Sc.A.gr. 

(abroad) . 
Technical Officer-P. R. Maguire. 
Technical Officer-D. F. Ohye, D.I.C. 
Technical Officer-Miss B. J. Marshall, A.S.T.C. 

Biochemistry Sectio11,-
Senior Research Oflicer-F. E. Huelin, B.Sc., 

Ph.D. 
Technical Officer- R. A. Gallop, A.S.T.C. 

Organic Chemistry Sectio11t-
Senior Research Officer- Miss T. M. Reynolds, 

M.Sc., D.Phil. 
Technical Officer-Miss N. Wonders, A.S.T.C. 

/ 1'ruit and Vegetable Storage Sectio11r--
Principal Research Officer-R. N . Robertson, 

B.Sc., Ph.D. 
8 cnio1· Re,;earch 0-ffi.cer-E. G. Hall, B.Sc.Agr. 
Research Officer-J. F . Turner, M.Sc. (abroad). 
Technical Officer-T. J. Riley, H. D. A. 

Uanning and Fruit Products Secti0'/'1,-
Principal Research Officer-L. J. Lynch, B.Agr.Sc. 
Senior Research Officer-J. F. Kefford, M.Sc. 
Research Officer-R. S. Mitchell, M.Sc.Agr. 
Research Officer-B. V. Chandler, B.Sc. 
Research Officer-E. G. Davis, B.Sc. 
Research Oflicer- P. W. Board, B.Sc. 
Technical Officer-D. Moyes, B.Sc.Agr . 

Dried Foods Section-
Research Officer--J. Shipton, B.Sc.Agr. 
Research Officer-D. McG. MoBean, B.Sc. 
Technical Officer- F. F itzpatrick, A.S.T.0. 

Fish Investigations-
I'rincipal Research Oflicer-W. A. Empey, B.V.Sc . 
Technical Officer-R. Allan. 
Technical Officer- K. W. Anderson, A.M.T.C. 
Technical Officer-Mrs. H. S. Wallace, A.S.T.C. 

li,J.eat and Egg Investigations-
Senior Research Officer-A. R. Riddle, A.B., M.S. 
Technical Officer-F. S. Shenstone, A.S.T.O. 

Preezing of Fr·uit and Vegetables
Research Officer-I. J. Tinsley, B.Sc. 

11t Aiibnrn, New South Wales-
.:lf<wt Dehydration lnvestigations-

1fosearch Officer- A. R. Prater, B .Sc.Agr. 

A I Botany School, University of Sydney
Plant Cell Physiology Investigations-

P rincipal Research Oflicer-R. N. Robertson, 
B.Sc., Ph.D. 

Senior Research Officer- H. S. McKee, B.A., 
D.P hil. 

Research Officer-Miss M. Wilkins, M.Sc. 
Research Officer-Miss J . Fraser, M.Sc. 
Technical Officer-Miss G. Bruck, B.Sc. 
Technical Officer-Mrs. L. N esztel, B.Sc. 

A/. Riochernistry School, Unive1·sity of Sydney
J>h ysical Chemistry Section--

Research Officer-H. A. McKenzie, M.Sc. 
Technical Officer- Miss M. Ryan, B.Sc. 
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A.t Botany School, University of Jl1elboimte
Microbiology Sectio11,-

Research Officer-B. T. Overell, M.Sc. 
At Brisbane-

1l1eal ln1,estigations-
Officer-in-charge-A. Howard, M.Sc. 
Senior Research Officer-G. Kaess, Dr.Ing. 
Research Officer-A. D. Brown, B.Sc. 
Technical Officer-N. T. Russell, D.I.0 . 
Technical Officcr-P. E. Bouton, B.Sc. 

At Africa Hoitse, Londonr-
Senior Research Officer-N. E. Holmes, B.E.E., 

M.Mech.E . (seconded) . 

15. Drv1s10N 01• FoREs·r P1tonu0Ts. 
(Head-quarters: ,69 Y arr a Bank-road, South 

Melbourne, Victoria.) 
11dministratior,,-

Chief-S. A. Clarke, B.E. 
Assistant to Chief-0. S . Elliott, B.Sc. 
Assistant to Chief-II. E. Dadswell, D.Sc. 
Technical Secretary-F. A. Priest, A.S.A.S.M. 
Information Officer-A. P . Wymond, M.Sc. 
Librarian-Miss M. I. H ulme. 
Assistant to Librarian-Miss A. Forbes. 
Senior Technical Officer-L. Santer, Dip.Eng. 
Publications Officer-lviiss J. Cameron. 

Wood Structure Sectionr-
Senior P,rincipal Research O:fficer-in-charge

H. E. Dadswell, D.Sc. 
Senior Research Officer- Miss M. 11£. Chattaway, 

M.A., B.Sc., D.Phil. 
Senior Research Officer-II. D. Ingle, B.For.Sc. 
Senior Research Officer-A. n. Wardrop, M.Sc., 

Ph.D. 
Research Officer-I. J. W. Bisset, B.Sc. 
Research Officer-G. L. Amos, M.Sc. 
Technical Officer- Miss M. F. Day, B.Sc. 

Photography-
Technical Officer-W. G. Hastie. 
Technical Officer-lviiss Audre_y M. Lightfoot. 

Chemistry Section,--
Seuior Principal Research Officer-in-charge-

W. E. Cohen, D.Sc. 
Senior Research Officer-D. E . Bland, M.Sc. 
Research Officer-D. H. Foster, M.Sc. 
Research Officer- W. E . Hillis, M.Sc., 

A.G.Inst. Tech. 
Research Officer-A. von Koeppen, Dr.Ing. 
Research Officer-R. C. McK. Stewart, B.Sc. 
Research Officer-A. J. Watson, A.M.T.0. 
Technical Officer- A. G. Charles. 
Technical Officer-Miss 1,L F. Gatley, B.Sc. 
Technical Officer-J. A. McPhersou, B.Sc. 
Technical Officer-Miss G. Schwerin, B.Sc. 

Timber Physics Section-
Senior Research Officer-in-charge-R. S. T. 

'Kingstou, B.Sc., n.E. 
Resea,rch Offi.cer-L. N. Clarke, B.Eng.Sc. 
Research Officer- Misa K. E. Kelsey, B.Sc. 
Technical Officer-1\.. Ack Hing, A.S.1'1.TI. 
Technical Officer-L. D. A1·mstrong. 
Technical Officer-N. C. Edwards, A.S.M.B. 
'l'echnica1- Officer-P. U. A. Grossman, Ph.A.Mr. 
'l'ecbnical Officer-J. W. P. Nicholls, B.Sc. 
Technical Officer-I. G. Scott, B.Sc., F.M.T .0. 

Timber ~Mechanics Sectiori,--
Principal Research Officer-in-charge-K. L. 

Cooper, M.A., B.Sc. 
Senior Research Officer-J. D. Boyd, M.C.E . 
Research Officcr-N. H. Kloot, B.Sc. 

R esearch Officer-R. G. Pearson, B.A., B.0.E. 
Technical Officer- Miss E. A. Blair, B.Sc. 
Technical Officer-J. J. Mack. 

1'irnber Seasoning Sectionr--
Principal Research Officer-in-charge-G. W. 

Wright, M.E. 
Senior Research Officer-J. W. Gottstein, B.Sc. 
Research Officer-E. L. Ellwood, M.Sc. (For.) . 
Research Officer-M. Grumach, B.Sc. 
Technical Officer-L. J . Brennan. 
Technical Officer-G. S. Campbell. 
Technical Officer-H. D. Roberts. 

'l'imber Preservation Sectionr-
Principal Research Officer-in-cha.rge-N. Tamblyn, 

M.Sc.(Agric. ) . 
Research Officer-G. N . Christensen, M.Sc. 
Research Officer-E. W. B. <la Costa, ~LAgr.Sc. 
Research Officer-Miss N. E. Kent, B.Sc. 
Research Officer- G. W. Tack, B.Agr.Sc. 
Senior Technical Officer-F. A. Dale, F.M.T.C. 
Technical Officer- J. Beesley, n .Sc.(Fo.r.), 

Dip.For. 
Technical Officer- Miss N. Robinson. 
Technical Officer- A. Rosel. 
Technical Officer-Miss S. J . Wilson, M.Sc. 

11 eneer and Gluing Sectio11,-
Senior Research Officer-in-charge- A. Gordon, 

B.Sc. 
Research Officer-H. G. Higgins, B.Sc. 
Research 0fficer-K. F. Plomley, B.Sc. (Agr.). 
Technical Officer-Miss D. R. Fraser, B.Sc. 
Technical Officer-Miss J. U. Barrie, A.M.T.C. 
Technical Officer- K. Hirst. 

Utilization Sectiori,--
Principal Research 0fficer-in-charge-R. F . 

Turnbull, B.E. 
Technical Officer-S. J. Colwell, A.M.T.C. 
Technical Offieer-R. L. Cowling, Dip.Mech.Eng., 

Dip.E.E. 
Technical Officer-W. M. McKenzie, B.Sc.(Fo.r.). 

N-aintenance Sectionr-
Senior Technical Officer- S. G. McN ei I. 

16. D1v1s10N 01, INDUSTRIAL CrrE:MIS'l'RY. 
(Head-quarters: Lorimer-street, Fishermen's Bend, 

Melbourne.) 
1ldm,inistra.tion--

Chief-I. W. Wark, D.Se., Ph.D. 
Divisional Secrctal'y-L. Lewis, B .Met.E. 
1\.ssistant Secretary-~'\. E . Scott, M . .Sc. 

Ji inerals Utilizal·io11 Seclio11r-
Senior Principal Research 0fficer-R G. Thomas, 

B.Sc. 
Senior Research 0fficer-T. R Scott, D.Sc., 

B.Ed. 
Senior Rcsc-nrC'h Officer-A. Walkley, TI.A., D.Sc., 

Ph.D. 
Senior Ilcscarcli Officer-A. W . Wylie, M.Sc., 

Ph.D. 
Research Officer-J. N . Almond, M.Sc. 
Hcsearch Officer-R. C. Croft, M.Sc. 
Research Officer-P. Dixon, M.Sc. 
Research Officer-P. M. J . Gray, TI.Sr., A.R. S. :M. 
Research Ofncer-J. H. Green, M.Sc., Ph.D. 
Reseat·ch Ollii i r-F. R. Hartley, M.Sc. 
Research Officer-J. D. Hayton, B.Sc. (at S.A. 

School of Mines, Adelaide). 
Research Officer-I. E. N ewuham, 1LSc. 
Research Officer-E. S. Pilkington, A.S.T.-0 . 
Resc11rch Officer-R. C. Vickery, M.Sc., Ph.D. 
Resc8l'<·h Officer-A. D. Wadsley, M.Sc. 
Senior Technical Officcr-H. R. Ske,ves. 
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Cement and Cerarnics Becl,iun-
Senior Principal Research Ofticer- A. K 

.Alderman, lJ.Sc., .Ph.D. 
.Principal Research Oilicer-G . . F. Walker, B.Sc., 

Ph.D. 
Principal Research Oliicer-W. 0. Williarusou, 

13.Sc., Ph.D. 
Senior Research Ofiicer-fI. K Vivian, 13.Sc .. Agr. 
Part-time Otlicer-A. J . Gaskin, 1'1.Sc. 
Research Officer-K. M. Alexander, M.Sc., Ph.D. 
llescarclt Officer- S. M. Brisbane, B.A., A.M.T.C. 
Research Officer- G. M. Bruere, M.Sc. 
l{csearch Oflicer-0. E. S. Davis, .B.Sc. 
Hescarch Oflicer-.H. Ellertou ( at Bonython He-

search Laboratory, S.A.. School of Mines, 
Adelaide) . 

Besearch Oflicer-H. R. Ramson, l\LSc. ( on study 
leave) . 

Research Oflicer-E. R. Seguit, M.Sc., Ph.D. 
Technical Officer-I. C. Bennett, A.M.T.C. 
Technical Officer-R. 'N. Cox, F.M.T.C. 
Technical Oificer- J . Coutts, A.M.T.0. 
Technical Officer-R. R. Hughan. 
Technical Officer-Miss B. ,O. Terrell, B.Sc. 
Technical Officer-.J. H. Weymouth, B.Sc. 
Technical Officer-J. D. Wolfe. 

Poundry Bands Sechon-----
Senior Research Officer-lL A . Stephens, B.Sc. 
Technical Officer-P. W. Goad, A.M.T.C. 
Technical Officer-a. N . Waterworth, A.H.T.C. 

Chemical I'hysics Sect·ion-
Senior .Principal Hescarch Ofticer- A. L. G. Rees, 

D.Sc., Ph.D. 
SeniOJ' Research Officer-.u. Walsh, M.Sc.Tech. 
Senior Research Officcr-E. H. Mercer, B.Sc., 

Ph.D. 
Senior Hesearch Oilicer-J . L. Farrant, M.Sc. 
Senior Hesearch Officer-,\. McL. Mathiesou, 

.B.-Sc., Ph. I>. 
Senior Research Officer-D. A. Davies, B.Sc. 
Research Officer- J . M. Cowley, M.Sc., Ph.D. 
licsearcb Officer-J. D. Morrison, B.Sc., Ph.D. 
Rcsearcb Officer-J. B. Willis, M.Sc., Ph.D. 
Research Officer-.A. :B'. Moodie, B.Sc. 
J<esearc:h OH-icer-C. Billington, TI.A. 
Researeh Oflicer-B. Dawson, i f.Sc., Ph .D. 
Research Office1·- J. r. Shelton, M.Sc., A.B.S.:M. 
Research Officer-A. J. Hodge, B.Sc. (on study 

leave) . 
llcse1ucb Officer-J. V. Sullivan, M.Sc. (at Uni-

versity of 1Vestern Australia, Perth). 
Research Offirer-N. S. Harn, M.Sc. 
Research ,Officer-P. Goodmau, M.Sc. 
Research Officer-,.J. Friclrichsons, M.Sc. 
Research O:fficer-J. C. Riviere, M.Sc. 
Research Officer-A. J . C. Nicholson, M.Sc., 

Ph.D. 
Rcgcarcb Officer-A. F . Beecham, B.Sc. 
Senior Technical Officcr-W. G. ,Jones. 
Technical Officer-S. E. Powell. 
Technical Officer-Miss R. J. Beckett, B.Sc. 
Ter.hnical Officer---G. F . H. Box. 
Technical Officer-F. B. Willinms. 
Drau~htsman-N. :McVilly. 
Dranghtsman-M. F . :Morgan. 

Phy.sir.al Chemistry Seclior,,-
Principal R esearch Offieer-K. L. Sutherland, 

D.Sc., Ph.D. 
Research Officer-W. E. Ewers, M.Sc. 
Research Officer-W. W. :Mansfield, B.Sc. 
Researeh O:fficer-J. B . Reed, B.Sc., Ph.D. 
Resenrch Officer-,M. E . Winfield. M.Sc., Ph.D. 
Technical Officer-L. F. "Evans, D.S.M.B. 

Urganic (Jhe·niistry Section-
Senior P rincipal Research Officer-H. H. Ifatt, 

D.Sc., Ph.D . 
.Principal Research Officer-J. R. Price, M.Sc., 

D.Phil. 
Senior Research Oflicer-J. S. Fitzgerald, M.Sc., 

Ph.D. 
Senior Research Officer-W. Zimmermann, D.Ing. 
l{esearch Ofticer-C. S. Barnes, M.Sc. 
Research Oflicer--.R. B. Bradbury, B.Sc.A.gr., 

D.B.S.M. (at University of W.A., Perth) . 
l<esearch Officer- W. D. Crow, M.Sc. (on study 

leave). 
Research Officer-0. C. J . Oulvenor, Ph.D., 

D.Phil. 
Hesearch Officer-R G . Curtis, M.Sc., D.I.C. 
Research Officer-L. K . Dalton, A.S.T.C. 
Research O:fficer-H. DueweJl, B.Sc., Ph.D. 
Research Officer-N. 0 . Hancox, M.Sc. 
Research Oflicer- R. J . L. Martin, M.Sc., Ph.D. 
Research O:fficer~K. E. Murny, B.Sc. 
Hesearch Officer-N . V . Riggs, B.Sc., Ph.D. 
Hesearch ·Officer- H . Silberman, Ph.U. (at 

Sydney). 
Technical Officer-A. W. McKenzie, A.M.T.C. 
Technical Officer-A. H. Redcliffe, D.A..O. 
Technical Officer-Miss E. E. Rutherford, B.Sc. 
Technical Officer- TI. Schoenfeld, B.Sc. 

Ohe·1r1;ical Engineering Section,--
Principal Research Officer-iD. R Zeidler, M.Sc. 
Senior Research O:fficer-R. W. Urie, B.Sc., S.M. 
Research Officer-J. A. Barker, B.A., B.Sc. 
Hesearch Oftieer-D. Barrett, M.Sc. 
Hesearch Officer-T. J . Birch, B.Sc. 
Research Officer- I. Brown, B.Sc. 
Research Officer- Jr. E. Calderbank, M.Sc. 
J{cscarch Oflicer-H. G. David, B.Sc. (at Depart-

tnent of Chemical EngineE!ring, Sydney Uni
versity) . 

Hesearch Officer-A. Ewald, B .Sc. ( on study 
leaYe). 

Research Officer-K. R. Hall, B.Sc. 
Hescarch Officer-S. D. Hamann, M.Sc., Ph.D. 

(at J)epartment of Chemical Engineering, 
Sydney University) . 

Hesenrch Officer-'O. G. Ingles, M.Sc. 
Research Officer-J. F. Pearse, B .Sc., Ph.D., 

D.I.O. (at Depar tment of Chemical Engineer
ing, Sydney University). 

Hcsearch Officer-J. B. R oss, B.Sc., A.M.T.0 . 
Research Officer- E . M. Rossiter, B.Sc. 
Research Officer-E. A. Swi11ton, B.Sc. 
Research Officer-P. Terry, B.Sc. 
Hescarch Officer-D. E. Weiss, B.Sc. 
Research Officer-B. W. Wilson, M.Sc. 
Technical Officer- J. L. Clay, .A.M.T.C. 
Technical Officer-K. W. Foley, B.Sc. 
Technical Officer-K. F . Drinan, B .Sc. 
Technical Officer-E. M. J enkins, A.M.T.C. 
Technical Officer-M. Linton, B.Sc. 
Technical Officer-Miss P. C. :Miller, B.A. 
Technical O:fficer-M. Ross, Ing. . 
Technical Officer-E. F . Symons, A.M.T.C. 
Technical Officer-D. Ff. Trethewey, A.M.T .C. 
Draughtsman- J . Hession. 
Draugbtsman- J . R. P endleburv. 
Drnnihtsman-0. Simpson. ,, 

Af TT111i,1,ersity of W estern A11sfralia
Alnnite Investigations-

Research Officer-D. F. A. Koch, B.Sc. 

At Ca·1~berra. Dfoi.sion of Entomology-

Re~earch O:fficer- R. H. Hackman, M.Sc., Ph.D. 
(seconded) . 
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11l Uanberra, Div·ision of Plant lnd1islry
Research Ofiicer-W. Bottomley, M.Sc. (seconded) . 

dt Sydney, Division of Electrotechn.ology-
8enior Resear ch Officer-R. J . Meakins, B.Sc., 

Ph.D. (seconded ). 
Research Officer- Miss J. W. Mulley1 A.S.T.C. 

(seconded). 
Research Officer-H. K. Welsh, B.Sc. (seconded) . 

Photography-
Technical Oflicer-F. D . Lugton. 

.Librm·y-
librarian-.Miss B. M. Brown, B.Sc. 

17. ImtiGATIOK H ESEAlWH S-rA'flON 

(MumrnMDIDGEE I :rmlGATION An.~As) . 
(Head-quarters : Griffith, New South Wales.) 
Oilicer-iu-charge- E. S. West, B.Sc., M.S. 
Senior Research Officer (plant physiology)-R. F . 

Williams, M.Sc. 
Senior Resear,ch Officer ( chemistry )-L. A. 

WJ.ielan, M.Sc., Ph.D. 
Reseal'ch Officer (irriga tiou)-0. Perkmau, 

B.Sc.Agr. 
Research Otliccl' (drainage)-V. J . Wagner, 

B.Sc.Agr. 
Research Office!' (vegetable agronomy )- K. 

Spencer, B.Sc . .Ligr. 
Research Officer (soil physics)-E. L. Greacen, 

B.Sc . .Agr., Ph.D. 
Research Officer (horticulture)- H. J . Frith, 

B.Sc.Agr. 
Research Officer (plant physiology)-0. T. Gates, 

B.Sc.Ag1·. 
Senior Technical Officer ( orchard superintendent) 

-B. H . Martin, H. D. A. 
Technical Officer (chcmistry)-G. Sosnovsky, 

Ph.D. 
Technical Officer (photography )-A. N . Huon. 
Technical Officer (chemistry )-:Miss J . Connor, 

B.Sc. 
Librarian-Miss M. Russell. 

Seconded to 1Yew South W ales Department of Agri
rnlliwe-

Senior Research Officer-D. V. Walters, M.Agr.Sc. 
Ilesearch Officer- Mrs. J . Tully, B.Sc., Ph.D. 

18. LAND REsEARCu M W REornr,AL SunvEy SECTION. 

(Head-quarters : Canberra, Australian Capital 
Terri tory.) 

ill H eacl-quarters, Oa.nberr~ 
Officer-in-chargc- 0 . S. Christian, B.Sc.Agr., M.S. 
Research Officer-Miss M. Mills, B.Sc. 
Resear-ch Officer- R. 0 . Slntyer, B.Sc. (Agric.) . 

At Ayr, Q·ueensland-
Rcsearch 0 61cer-F. lI. Kleinschmidt, B.Sc.Agr. 

At K imberley Research Stativn, Weslern Australia
Research Officer-L. 0 . Lee, B.Agr.Sc. 
Technical Officer-E. 0 . B. Langfield . 

. H K atherine Research Station, Northern T erritory
Research Officer- W. Arndt, B.Agr.Sc. 
Teclmical O:fficcr-L. J . Phillips, Q.D.D.M. 

Regional Survey, Canberra-
Research Officer-G. A. Stowart, B.Agr.Sc. 

( seconded from Di vision of Soils). 
Research Officer-R. A. P erry, B.Sc. 
Research Officer- S. J . Paterson, B.Sc. 
Technical Officcr- N. Lazarides, Q.D.A. 

19. S1,:cTroN OF M ,,THEMATICAL INs1'Ru111EN'l'S. 

(Head-quarters : Uni1•et·sity of Sydney.) 
Otricer-iu-charge-Professor D. M. Myers, B.Sc., 

D.Sc.Eng. 
Senior Research Ofilcer-W. R. Blunden, 13.Sc., B.E. 
Research Officcr- M. W. Allen, B.E. 

Research Ofilccr-0 . B. -Speedy, B. E. ( attached from 
University of Sydney) . 

Technical Officer-R. J . Keith, A.S.'f.O. 
Technical Officer- K. F . Sayers. 
Technical Officer-B. Z. de Ferrauti, TI.Sc., B.E . 

ZO. S1::cn o1> OF MATRE;.cATICAL STATISTICS. 

(Head-quarters : University of Adelaide.) 
At fl ecid-quarlers, Adelaide-

Officer-in-chi.u·ge-:E. A.. Comish_, D.Sc., B.Agr.Sc. 
Research Officer-Miss E. A . Adam, B.A . 
ltcsearch OfE.cer-K. P. Huydock, B.Sc. 
Reseitrch ,Officer-A. 'r. James, M.Sc. (abroad) . 
Ilesenrch Ofilcer-P. li'. May, B .Sc.Agr. 
Research Ofncer-K W. Monis, B .Sc. 
Research Officer-G. N . Wilkinson, B.Sc. 
Sectional Secretary-Miss E. M. G. Goodale. 

11/. DiviS'ion of Anirnal llealth a1id Production, 
S ydney-

Seni•or Research Officer-Miss H. ~.\. Newton 
Turner, B.Arch. 

ResearcL Officer-Miss M. 0 . MciKevett, B.A. 
Research Officer-Mrs. E. F . Turton, B.Sc. 

:1 /; Division of Bnilding Research, H,ighetl, Victoria
Reseat·ch Officer-TI. Birtwistle, B.Sc. 

At Division of Food Preservation and Transport, 
lfomebush, New Soiilh Wales-

Research Officer-G. G. Coote, B.A., B.Sc. 
.,lf Division of Forest Products, ltfelbourne-

Senior Research Officer-E. J . Williams, B.Oom. 
Technical Officer- l\Liss N . Ditchburne. 

Al Division of Plcint Industry, Oanberra-
Senior Research Officer-G. A. McIntyre, B.Sc., 

Dip.Ed. 
Research Officer-lfiss N . B. Hemingway, B.Sc. 

.!ll University of W estern Australia, Pert'1-
Hesearch Of-ficer-N. S . Stenhouse, B.Sc. 

Zl . Si,;cno;, OF :M,1;;-rKorwr.0010,\L P1CTs1cs. 
(Head-quarters : Grahal11-road, Highett, Victoria.) 

Officer-in-charge-C. Il. B. Priestley, M.A. 
l>rincipal Hesearch Officer-W. 0 . Swinbank, B .Sc. 
Senior Research Officer-E . L. Deacon, B .Sc. 
Senior Research Officer-R. W. James, M.Sc. 
8euio1· Research Office r- J. W. Hutchings, B.A., M.Sc. 
He.search Officer- I. 0 . Mcllroy, B.Sc. 
Research Officer-E . K. Webb, B.A., B .Sc. 
Research Officer-F. K. Ball, B.Sc. 
Senior Teclmical Officer-R. J . Taylor, B.Sc. 
Technical Office1'-L S. Groodin, Dip.Mat. 
Technical Officer- D. E . Angus, B,Sc. 
Teel.mica] Officer-A. J. Troup, B.,Sc. 
Technical Officer-Mrs. R. I. Lee. 

2Z. Drv1s10N 01• MF.TllOLOG, . 

(Head-quarters : Natioual Standards Lnbol'atory at 
University of Sydney.) 

Ohicf- N. A. Esserman, B.Sc. 
Technical Sccretary-N. R . Winters, B.E . 
Principal Research Officer-0. A. Gladmau, B.Sc. 
Senior Research Offi.cer-P. M. Gilet, B.Sc., B.E. 
Senior Research Officer-G. A. Bell, B.Sc. 
Senior Research Oiticer-R. J . Ritter, Dr.rer.nat.-math. 
Senior R eEearch Officer-0. F . Bruce, M.Sc. 
Rescm·ch Officer-H. .A.. Ross, A.S.T.O. 
Research Officer-R. II. Furniss, A.S.T.0 . 
Re.search Office1·-J. A. Macinante, B.E., A.S.T.C. 
Research Officer-W. A. F . Ottninghnme, B.E. 
Research Officcr~Miss M. C. Dive, B.Sc. 
Resear ch Officel'-Miss M. G. I. Penrce, M.Sc. 
Research Officer- Miss P. M. Yelland. 
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Research Officer-R. J. Ellis, B.E. 
l~esearch Office r-Miss M. M. Douglas, B.Sc. 
Research Officer-J. R. Waldersee, B.Sc. 
Research Officer-V . R. F indlay, M.Sc. 
Research Officer- N . J. 0. Peres, B.Sc. 
Technical Officer-D. H . Fox. 
Technical Officer- G. W. Gore, A.S.T.O. 
Technical Officcl'-J. W. Bell. 
Tech nical Officer-R. J . Hemphill . 
Technicnl Officer-E. Grunwald. 
Technical Ofl-1cer-J. C. Kelly, TI.Sc. 
Tcclrn ical Officcr-E. J . Thwaite, B.Sc. 
Technical Officer- I . F . Mayer, B.Sc. 
T eclmical Officer- I. J. Somervaille, J;\ .S.T .0 . 
Technical Officer-S. A. Dunk, A.S.'f .C. 
Techniral Officer-0. Pain. 

23. :Ml:\' 1-:HAORAPHIO !NVViS'NOATIONS. 

( IIcad-quartrrs : Univers ity of MclLoume.) 
Senior Principal Research Office r-F. L. ,Still\\'ell, 

D .Sc. . 
Principal Research Officc1·-A. B. Edwards, D.Sc., 

Ph.D. 
Research Offi.ccr-G. Baker, M.Sc. 
Tcchniral Officer-G. C. Oarlos. 

2'1-. )[ATJON,\J , STAi\'OARDS l,,\DORATOlff. 

(The scrvi('CS ~!town hereunder arc common to the 
Divisions of 1\fotrology, E lectrotcclmology, and 
Phy.sics, housed in the Laboratory .) 

Clerical-
Chief Olcrk- W. J . Gillespie, A.F .I.A ., A.0.I.S. 

f )rawinr1 Office-
Chief Drnughtsman~O. M. Williamson. · 

Jti,bmry-
Librarian- Miss 111. McKechnie, B .1\ . 
Librari:rn-Jvfiss J. M. Oook1 B .. \. 
Librarian-Miss }:'. Feughelman, B.A. 
Assi,,tant Librarian-Miss /1. Benardos. 

W orlcsh ops
Enginccr-in-charge-J. R anna. 

25. OmNOLOolOAL Rr-:si,:,uw11. 
(H cad-cpiar ters : Waite Agricultural R esearch 

Ins ti tutc, _\.delaide.) 
Senior Research Officer-J. 0 . 1v[. Fornachon, M.Sc., 

B.Ag . .Sc. 
Research Officc r-B. C. Rankine, B.Sc. 

26. Orm-DRESSING INVESTIGATIONS. 

At University of 11felbourne-
Officer-in-eharge-J\ssociatc-Profcssor H. H . 

Dunkin, B.Met.E. 
Senior Research Officer-K. S. Blaskett, B.E. 
Research Officer- S. B. Hudson, M.Sc. 
Research Officer-J . T . Woodcock, B.Met.E., 

M.Eng.Sc. 
Technical Officer-F. D. Drews. 
Technical Officor-R. R. Lever. 
Technical Officcr-'J'. F . Wallace. 

27. SECTION OF PHYSICAL METALLURGY. 
(Head-quarters : University of Melbourne.) 

Officer-in-charge (honorary ) - Professor J. Neill 
Greenwood, D . .Sc., M.Met.E. 

Senior Re.search Officer~H. W. Worl).cr , M:.,Sc. 
Jlesrnrch Officer-R. O. Gifk~_s, B.Sc. 
Research Officer-A. E. J enkins, M.~"Q.g.Sc. 
Tech11icfl.l Officer-J. A. Corbett. 
Technical Officer-G. Boyd, A.M.T.0. 

28. Drv1s10N OF PHYSICS. 
.4.dm·inistralion-

Chief-G. R. Briggs, D.Sc., Ph.D. 
Technical Secrctary-D. S. Woodward. 

Heat-
Principal Research Officer- A. F . A. Harper, 

M . .Sc. 
Research Officer-W. R. G. K emp, B.Sc. 
Research Officer-R. G. Wylie, M.Sc. 
Research Officer- G. K. White, M.Sc., D.Phil. 
Uesearch Office r- P . G. Klemens, M.Sc., D.Phil. 
Research Officer-W. A. Caw, B.Sc. 
Research Officer-Miss R. Scott, B.Sc. 
Hcscarcl1 Office r- N . H . Westwood, B.Sc. 
Ticscarcli Officer-A. J . Mortlock, B.Sc. 
Rcsearnh ,Officer-J. :Middlehurst, B.Sc. 
Technical Office r- J . K. Braithwaite, A.M.T.C. 
Tcchnicnl Officer-J. W. W. Smyth . 

Light-
Principal Research Officer- R. G. Giovanelli, D.Sc. 
Research Officer - W. H . Steel, B.A., B.Sc. 

(abroad) . 
Resear ch Officer-K. A. Wright, B.Sc. 
Research Officcr-M. Kossenbcrg, Ph.D. 
Research •Officer- R. J. Le. Mesurier, B.Sc. 
Research Officer- G. · H . Godfrey, M.A., B.Sc. 

(part-t ime) . 
Technical Officcr-W. J. Brown, A.S.T .0. 
Technical Officcr- D. G. Norton . 

Solar Physics-
Research Officer-J. T . Jefferies, B.Sc. 

Elec(.ronics-
Rese.ar cb Officer-A . F . Young, M.Sc. 

T r:clmical Serm'ces-
Teclmical Offiecr- J. E . Thompson. 

29. DIVISION OP P LANT INDUSTRY. 
(Head-quarters : Oanbena, Australian Capital 

Tenitory. ) 
At Canberra-

A dministraf,ion and . General-
. \ cti ng Ohicf- J. G. Davies, B.Sc., Ph.D. 
Teclmicnl Seoretnry-L\. Shavitsky, B.A,gr.Sc. 
Senior Clerical Office.r-R. J. Prowse. 
t\c:countant-D. W. Banyard. 
Technical Officer (photographer )-J. B. Pomeroy. 
Technic111 Officer ( workshop )-C. H. W ilso11. 
Librarian- Miss J. H umphreys, B.A., Dip.Ed. 
Assistm1t Lihrarinn-Miss M. Campbell-Smith. 

nisease Oonlrol Studics-
Principn 1 Resea rch Officer -H. R. ungell, O.B.E., 

Ph.D. 
'T'ochn ioal Officer- P . K. Macuicol. 

Microbiology-
Senior Re,searob 0-fficcr-D. 0 . :N' orris, D.Sc. 

(Agric.). 
Senior R rsearch Officer-W. V . Ludbrook, M.S., 

B .. Agr.Sc., Ph.D. 
Research Officer-J. H . E. Mackay, J,3.Sc.Agr. 
Resrarch Officer-Miss K. Helms, B.SG. 
Technical Officcr-J. Brockwell, D .D.A. 
Technical Officer~Miss J . N . Fri~nd, B.Sc . .A,gr. 

Pla.nt Introduction--
Prir:cip~ 1 RcseprC'h Office.r-W. I(nrtley, B.A., 

Dip.A.gr. 
Research Officer-0. A. Noal-Slllith, B.Agr.Sc., 

RD.A. 
Technical Qfficor- R. Setou. 
Technicnl ·o fficer-R. J . Williams, B.Sc. 
Technical Officer- Miss D . E . Johns, B.Sc. 



Herbarimn-
Rese.arch Officer-Miss N. T. Burbidge, M.Sc. 

II ort·icultuml I nvestigations-
Princi pal Research Officer-C. Barnard, D.Sc. 

Medicinal and Drug Plant Investigati011s-
Senior Research Officer-K. L. Hills, M.Agr.Sc. 
Research Officer- W. Bottomley, B.Sc., Ph.D. 
Technical Officer-D. R. Meyer. 

· Technical OfficeJ·-P. I. Mortimer, B.Sc. 
Plant Physiology-

Senior Research Officer-R. F . Williams, M.Sc. 
(seconded to Irrigation Research Station, 
Griffith). 

Research Officer-J. Calvert, D.Sc. 
Agroslology-

Acting Chief of the Division-J. G. Davies, B.Sc., 
Ph.D. 

Principal Research Officer- C. M. Donald, 
M.Ag1·. Sc. (abroad). 

Rese.arch Officer-E. F . Biddiscombe, B.Sc. 
(Agric.). 

Technical Officcr- J . Deans. 
Technica 1 Officcr- L. Lazarides, Q.D.A. 
Technical Officer-V. H. Southwell, Dip.Eng. 
Teclmicn l Officer-A . .clxelscn, Q.D.A.H. 

Jlgrostology, Pastt~re E cology-
Research Officer-0. W. E. Moore, B.Agr.Sc. 

Agrostology, Weeds FJcology-
Senior Research Officer..:.....R. M. Moore, B.Sc.Agr. 
R esear c!.i Officer-L. F. Myers, B.Agr.Sc. 
Technical Officer-0 . S. McKay, Dip.Agr.D. 
Technical Officer-R. T. Milligan, Dip.Agr.D. 
Technical Officer-J. A. Robertson, Q.D.D.M. 

Agrostology, Mineral Deficiency Studies-
Senior Research Officer-A. J . Anderson, B.Sc. 

(Agric.) . 
Research Officer- D. Spencer, B.Sc. ( on study 

leave) . 
R esearch Officer-K. D. McLachlan, B.Sc.Agr., 

B.Comm. 
Technical Officer-D. Moye, H.D.A. 
Technical Office1·- R. G. Fawcett, R.D.A. 

A,qrostology, Plant Toxicology-
Senior Research Officer-0. G. Greenham, M.Sc. 
Research Officer- P. Goldacre, B.Sc. 
Technical Officer-C. V. de Plater, A.I.M.R.E. 

Agrostolo,qy, Pasfore Chemistry-
Senior Rese.arch Officer-0. H. Williams, M.Sc. 
Research Officer-A. Steinbergs. 
Research Officer-D. J . David, B.Sc. 
Technical Officer- F. K. Mayer, Q.D.A. 

Tobacco l nvestiga.tions-
Principal Research Officer- A. V. Hill, M.Agr.Sc. 
Research Officer-R. Johanson, M.Sc. 
Te.chnical ,O:fficer- M. Mandryk, B.Sc.Agr. 
Technical Officer-Mrs. D. Encel, B.Sc. 

Plant Genetics-
Senior Research Officer- E. M. Hutton, D.Sc., 

B.Agr.Sc. 
Research Officer- D. C. Wark, M.Agr.Sc. 
Research Officer-R. D. Brock, B.Agr.Sc. 
Technical Officer-A. R. P eak, H.D.A. 
Technical Office.r- R. R. Rochford. 
Technical Officer- J. W. Peak. 
Technic11l Officer-J . D. Williams, D.D . .A. 

At Dickson Experiment Station, Canberra, Australian 
Capital Territory-

Senior R esearch Officer (agrostology)-W. D. 
Andrew, M.Agr.Sc. 
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Research Officer ( agrostology) - W. M. 
Willoughby, B.Sc.Agr. . 

Farm Manager-L. Sharp, D1p.Agr.D. 
Technic-al Office.r-J. A. Redpath. 

ill J'lant anrl Soils Laborcilory, Queensland
Principal Research Officer (agrostology)-T. B. 

Paltridge, B.Sc. . . 
Senior R esearch Officer (plant 111trocluct1on)

J. F. Miles, B.Agr.Sc. 
Senior Research Officer ( agrostology )-W. W. 

Bryan, j\f.Sc.Agr. 
Research Officei· (agrostology)-N. H. Shaw, 

B.Agr.Sc. 
Rese.arch OfHcer (pasture chemistry)-E. H . 

Kipps, B.Sc. 
Research Officer (native plant investigations)

L. J. Webb, M.Sc. 
Research Officer (tobacco) - T. G. Haney, 

TI.Sc.Agr. 
Research Officer (ag1·ostology)- Miss H. Barford, 

B.Sc. 
Rcsea1·ch Officer ( agrostology )-J. E. ,Ooaldrake, 

Dip.1\gr. 
Technical Officer (plan t introdnction)-R. B. 

Wait.e, Q.D.A. 
Teclmical Officrr-J. G. Tracey, Q.D . .A . 
Lil1rarin11- :Miss B. Baird. 

At Cooper Laboratory, Queen-slancl Ag1·ic1Lltural H igh 
School cmcl College, Lawes-

Research Officer ( agrostology )-W. G. Robertson, 
Q.D . .A. 

Research Officer (plant introduction) - S. G. 
Gray, B.Sc.Agr. 

Research Officer (ngrostology)- W. J . Bisset, 
B.Agr.Sc. 

'J'e.chnical Office1· (plant introduction)-J . Conroy, 
Q.D.A. 

Technical Officer (agrostology) -R. Milford, 
Q.D.A. 

Technical ,officer ( agrostology)-G. J. Downing, 
Q.D.A.H. 

Technica1 Officer (agrostology)-T. W. Elich, 
Dip.Col.Agr. 

Technical Officer (agrostology)-W. H.J. Pieters, 
Dip.Col.Agr. 

Technical Officer (agrostology) - H. Kiers, 
Dip.Col..Agr. 

Technical Officer (agrosto1ogy)-G. A. Taylor. 
Al 8tani1io1·pe, Queensland-

Senior Re~.nrch Officer (horticultural investiga• 
tions)- L. A. Thomas, M.Sc. 

Research Officer (borti<'ultural investigations)
R. C. Colbrau, B.Agr.Sc. 

At Regional Pastoral Laboratory. Deniliqu-i,n, N ew 
South Wales-

Senior Research Officer (horticultural investiga
tions)-L. A. Thomas, M.Se. 

Research Officer (horticultural investigations)
R. C. ·Colbran, B . .A.gr.Sc. 

At Regional Pastoral Laboratory, Deniliquin, New 
Sonth Wales-

Principal Research Officer ( agrostology )-R. W. 
Prm1ster, R.Sc.(Agric.) . 

R esearch Officer ( agrostology) - N. Sinicins, 
Dip.Chem.Eng. 

Research Office.1· (agrnstology)-0. ·B. Williams, 
B.Agr.Sc. 

Research Officer (agrostology) - K. P. J. Barley, 
B.Agr.Sc. 

Technical ,Officer (agrosto1ogy)-G. J. Wright. 
T echnical Officer ( agrostology )-J. W. Birch, 

Dip.Agr.D. 
Te<'buical Officer ( agrostology )- F . Arndt, Q.D.A. 
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Olerical Officer- S . J. Oossar. 
Manager, Falkiner Memorial Field Station-G. A. 

Vasey. 
At the University of Western 1lustralia, Pe1·th, Western 

Aiislralia-
Senior Research Officer ( agrostology )-R. C. 

Rossiter, B.Sc.(Agric.). 
Senior Research Officer (plant introduction)

E. T. Bailey, B.Sc. 
Research ,Officer ( agrostology ) - P. G. Ozanne, 

B.Agr.Sc. 
Technical Officer (agrostology)-R. J. Pack, 

Q.D.L\. 
Technica l Officer (plant introduction)-N. B. 

Gayfcr, Dip.Agr.D. 
TechniC'al Office.r ( agrostology )-J. Beresford, 

Dip.Agr.D. 
At JC ojoniip, W eslern A.ustra.lia-

Rcsearch Officer-E. R. Watson, B.Sc. ( Agric.) . 
Station Manager-J. Tudor. 

At Regional Pastoral Laboratory, Armidale, New Soidh 
Wales-

Senior Research Officer (agrostology)-R. Roe, 
B.Sc. ( Agric.). 

Research Officer ( agrostology )-E. J . Hilder, 
B.Sc. ( Agric.) . 

Research Officer (ecology) .-A. A. Holland, M.Sc. 
Research Officer (ecology).-R. W. Jessup, M.Sc. 
Research Officer (plant nutrition)- K. Spencer, 

B.Sc. (Agric.) . 
Technical Officer ( chemistry )-J. R. F reney, B.Sc. 
Technicnl Officer ( ngrostology )-P. B. Oelrichs, 

Q.D.A. 
Technicnl Officer ( agrostology )- V. J. Wolfe, 

Q.D.A. 
At Hobart, Tasmania-

Senior Research Officei; (horticultural investiga
tions )- D. Martin, }.if.Sc. 

Technical Officer-T. L. Lewis, B.Sc. 
Technical Officer-J. Cerny, Ph.D. 

At Jl1,itchell Laboratory, Trangie, New South Wales
Teclrn ical Officer ( agrostology )-R. J. Hutchings, 

Dip . .Agr.D. 
At Waite A,qriciiltii.ral Bescarch Institute, Adelaide, 

S oiith A 1i.~tralia-
Principa l Research Officer (physiology)-L. A. T. 

Ballard, Ph.D., M . .Agr.S. 
RcsParr:h Officer (spectrographer)-D. J. David, 

B.-Sc. 
Teclmical Officer (gummosis)-L. G. Semmens, 

D .D . .A. 
Al Ayr, Queensland--

Research Officer (tobacco) - W. J. Lovett, 
B.Agr.Sc. 

Technical Officer (tobacco)-D. W. L. Simmons, 
D.D.A. 

Technical Officer (tobacco)-J. S. Murday, Q.D.A. 
Technical Officer (tobacco)-J. D. Fitzsimon, 

Q.D.A., Q.D.H. 
At Katherinl'l Research Station, Northern Territory

Technical Officer (plant introduction)- A. E. 
Wynn. 

30. RAmo REsEAncu BoAn.o. 
(Head-quarters: University of Sydney.) 

At Canberm-
Senior Principal Research Officer-D. F. Martyn, 

D,Sc., Ph.D., A.RC.Sc., F.R.S. 
Research Officcl'-E. T. Robinson, B.Sc. 
Teclrnical Officer-R. 0. Errcy. 

,ll Sydney-
Principal llesearch Officer~ G. H. Munro, D.Sc. 
Senior Research Officer-W. L. Price, B.Sc. (part-

time) . 
Research ·Officer-J. J.\ . Harvey, B.Sc. 
Research Officer-L. Heisler, B.Sc. 
TeclmicnJ Olficm·-lifiss B. Hardwick, B.A. 
Techn ical Officer- IT. P . Hirschi, A.S.T.O. 
Technical Officer-R n. White, B.E. 

31. DlVISlON OJ.' RADIO.PHYSJCS. 

(Head-quarters: University of Sydney.) 
Chief-E. G. Bowen, O.Il.E., M.Sc., Ph.D. 
Assistant Ol1ief-J. L. Pawsey, M.Sc., Ph.D. 
Technical Secretary- A. J. Higgs, B.Sc. 

Radio 1L~lronorny-
I'rincipal Research Officcr-J. H. Piddington, 

M.Sc., B.E., Ph.D. 
Senior Research Ofilcer-W. N. Ch ristiansen, 

M.Sc. 
Senior Research Officcr-H. C. Minnett, B.Sc., 

B.E. 
Research Officer-Miss R. Payne-Scott, M.Sc. 
Research Officer-J. G. Bolton, B.A. 
Research Officer-TI. N. Bracewell, B.Sc., B.E., 

Ph.D. 
Hesearcli ·Officcr-13. Y. Mills, B.Sc., M.E. 
Research Officer-S. F. Smerd, B.Sc. 
Research Officer-J. P. Wild, B.A. 
Research Officer-0. A. Shain, B.Sc. 
Resea rch Officer-F. F. Gardner, B.Sc., B.E. 
Research -Officer-E. K. Bigg, M.Sc. 
Research ·Oflicer-R. X. McGee, B.Sc. 
Research Officer-"R. D. Davies, B:Sc. 
Technical Officer-0. S. Higgins. 
Technical Officer-J. V. Hindman. 
Technical Officer- K. R. McAlister, A.S.T.C. 
Technical Ofilcer-G. J. Stanley, A.S.T.C. 
Teclmical Officer- J . D. Murray, B.Eng.Sc. 
Technical Officer-0. B. Slee. 
Technical Officer-A. G. Little, A.S.T.O. 

, Technical Officer-H. Harant, A.S.T.C. 
Hain and Gloucl Physics-

Senior Research Officer-J. Warner, B.Sc., B.E. 
,Senior Research Officer-E. J. Smith, M.B.E., 

B.Sc.(Eng.) . 
Senior Research Officer-P. Squires, M.A. 
Research Officer~G. A. Day. 
Research Officer- E. E. Adderley, B.Sc. 
Research Officer-R. S. Styles, B.Sc., B.E. 
Research Officer-N . R. Labrum, B.Sc. 
Research Officer- H . L. Humphries, B.Sc., B.E. 
Research Officer-S. Twomey, M.,Sc. 
Research Offi.cer-J. W. Telford, B.Sc. 
Research Officer-K. H. Holywell, B.Sc. 
Senior Technical Officer-G. T . Miles. 
Technical •Officer-T. D. Newnham. 
Technical Officer-F. W. Campbell. 
Technical Officer-L. F. Clague. 
Technical Officer-K. J. Heffernan. 
Technical O:ffi.cer- K. A. Davidson. 
Technical Officer-D. C. Dunn. 
Technical •Officer-R. C. Baker. 
Technical '0fficer-O. F . Attwood. 
Technical Officer-N. S. Thorndike. 
Teclrnical Officer-S. A. Pett. 
Teclmical Officer-R. T. H. Bowles. 

.M rif.h ematical Physics-
Senior Research Officer-T. Pearcey, B.Sc. 
Research Officer-Miss M. A. Adamson B.A.., 

Dip.Ed. ' 
Rcse11rd1 Officer-B. J. J. McHugh, B .Sc. 
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Electronic Oomvuting-
Senio,· :B,eseflrc)l Officer-:M. Beard, B.Sc., B.E. 
Senior Research Officer-B. F . C. Cooper, 13.Sc., 

B.E. BE 
Research OJijcer-R. D. Rytlll, B.Sc., · • '• 
Research Officer-G. W. Rill, 13.Sc. 
Technical ,Qfficer- F . C. Tonking, 1\..S.T.0. 
Techniral Offioer- J. Algio, A.S.T.C. 
Technical Officor-L. Wnde, A.S.T.0. 

Engineering Del'elopment-
Senior Research Officcr- L. L. Mc01·endy, B.Sc., 

B.E. 
Radio Navigation- . 

Re~earch Officer-J. G. Downes, B.Sc. 
Research Officer- D. E. Yab$1ey, B.Sc., B.E. 
Research Officcr- M. Strohfeldt, 1vLSc. 
Technical Officer-P. T. Hedges, A.S.T.0. 
Technical Officer- K. V. Sheridan. 

?'est Room--
Senior Technical Officer-G. A. Wells, A..S.T.0. 
Technical Officer-R. S. J oseph, ,A..S.T.C. 
Technical Officer-0. C. Turner. 

Vac-uum Physics-
Technical Officer-F. 0. James. 

nfficers Abroadr-
Senior Research Officer- F. J . Kerr, M.Sc. 
Research ,Officer- K. C. Westfold, M.A., B.Sc. 
Research ,Officer- J. A. Roberts, M.Sc. 
Research Officcr- R. F. Mullnly, B.Sc. 

Ph ofogravhic-
Technical Officer-R. S. B. Millett. 
Technical Officer-A. J. A. Tolliday. 

Office and P1iblica fions
Miss S . Atkinspn, )3.A. 
Mrs. A. Purdy, B.Sc. 

Engineering Services-
Ohief Driwghtsman-F. M. Carter. 
Works Supervisor- H . Byers. 

32. DIVISION OI,' SOILS. 

(Read-quarters: W ~ite .Agricultural ~esearch 
Institute, Adola1de, Soutb Australia.) 

:11 Adelaide-
A dminislration-

Ohief- J. K. Taylor, B.A,, M.Sc,, B.SG.Agr. 
Technical Secretary-A. L. C. D11vjdson, B.Sc., 

Ph.D. 
Soil 81m1ey and Pedology-

Senior Pri11cipal Research Officer-0. G. Stephens, 
D :Sc. '. ~ 

Research ,Qfficer-R. H. Northcote, B.Ag.Sc. 
Research Offico1•- G. Blackburn, B.Ag.Sc. 
Research Officer-J. Loveday, B . .Ag.Sc. 
Research Officer---.E. A. Jackson, B.Ag.Sc. 
Research Offioer-C. B. Wells, B.Ag.Sc. 
Technical Officer-W. H. Litchfield, B.,Sc.A.gr. 
Draughtsman-P. D. H ooper. · 
Draughtsman-M. 0 . Coulls. 

Soil Physics and Mechanics-
Senior Principal Research Officer-T. J . Marshall, 

M.A.g.Sc., Ph.D. 
Research Officer-.G. D. Aitchison, B.E. 
Research Offic~r-1,L N qrrish, M.Sp. (abroad). 
Research Oflicer-J. P . Quirk, B.Sc.Agr. (abroad) . 
ResPfll'Ch Officer-C. G. Gurr, B :Sc. 
Resi1R1•gb ,Offlper- .T. W. Holmes, B.Sc. 
;Rese11rc:h Office1•-E. W. lfado~loviol1, B.Sc. 
Research Officer- D. S. McIntyre, ¥.Sc. 
Technioiil Offlcer-- A. W. Palm. j 

Soil Chemistry-
P rincipal Ohemist- 0 . S. Piper, D.Sc. 
Senior Research Officer-A. C. Oertel, M.Sc. 
Research ,Qffieer~ J. T. Hutton, B.Sc., A.S.A.8.M. 
Rcsearcli Officcr- H. C. T . Stace, B.Sc. 
Hcscarch Officor-B. M. Tucker, 13.Sc. 
Research Officer-R. S. Beckwith, B.Sc. 
11oscn rch Officer-M. Raupacb, B.Sc. 
Teclrnical Officer-A. D. Haldane, B.Sc. 
Teclmical ,Officer-R. M. T avender, A.8.A.S.M. 
Technical Officer-A. R. P . Clarke, A..S.A.S.M. 
Technical Officer- R. M. McKenzie, A..S.A .. S.M. 

Soil Mic1·obiology-
Research Officer-J. R. Harris, M.Sc. 

0-,:z Seeds fovestignt,,i,onr--R. E. ~;,hapter. 

111 Brisbane.-
Boil Su1·vey and Pedology-

Senior Research Officer-G. D. Hubble, B.Ag.Sc. 
Research Officer-G. G. Beckmann, B.Sc. 
Technical ·Officer-C. H. Thompson, Dip.Ag!·. 

Soil Physics-
Research Officer-G. B. Stirk, B.Sc. 

8oil Chemislry-
Research Officer-A. E. Martin, B.Sc. 
Research Officcr-J. E. Oo.x, B.Sa.A.gr. 
Technical Office1·-R. Ree,re, Dip.Ind.Chem. 

At Canberr~ 
8oil 811rvcy 1.uul Pcdology-

Re.searol1 Oflfoer-R, Brewer, B.Sc. 
Research Officer-.G. A. Stewart, B.Ag.Sc. 

(seconded to L1JJ1d Research and Regional 
Survey Section) . 

Research Officer-,J . R. Sleeman, B.A.g.So. 

At Denil,iquin-
8oil Snrvey and Pedology-

Senior Research Officcr-B. E. Butler, B.A,gr.Sc. 
(abroad). 

At Hobart-
Soil Survey and Pedology-

Research OMcer~ -R. D. Nicolls, B.Sc., B.A.g.Sc. 
Research Officer- G. M. Dimmock, B.Sc. 

Snil Ohemi$try-
Tei'hni<:nl Officer- A, 'M. Gra.ley, B.Sc. 

ti.I Perlh-
Soil S11rvay and Pedolo91;-

Senior Uesearch Officer-R. Smith, B.A,g.Sc. 
Research Officer-L. W. P ym, B .Sc. 
R esearch Office.r- T. P outsma, B.Sc. 

Soil Ohemistry-
Rose11 r rh Officer- A. G. Turto1i, B.Sc. 

33. D1VJSION OP TRlBOPHYSICS. 

(Head-quarters: .University of Melbourne.) 
Chief-W. Boas, P .Ing., M.Sc. 
Senior Resea1,ch Officer-'M:. F. R. Mulcahy, D.Phil., 

M.Sc., A.,G.Inat. Tech. 
Research Office r-E. B. Greenhill, M.Sc., Ph.D. 
R esearch Officer-A. J. W. Moore, B.Sc., Ph.D. (on 

leave) . 
Resea rch Officer-R. G. Vines, M.Sc. 
Research Offioer- J. I\:. M~ckenzie, B.A., B.Sc., Ph.D. 
Ues<'arch Offi.cer- J. S. Bowles, M.Sc. 
Research Officer- M. E. Hargreaves, B.Met.E., Ph.D. 
Rcsearoh Offioer-D. Miohell

1 
B.E.E. 

Research Offic01·~M . .T. Ridge, M.Sc. 
Research Officer~G. W. West, B.Sc.

1 
B.E,E. 

Research Officer-T. Broom, M.A. 
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Rescnrch Officor- L. :M. Olnrohrougb, Il.ofot.K, 
M.Eng.Sc. · . 

Research Officer-B. D. Oum_mg, M.Sc. 
Rescnrch Officer--\. ,J. D_av1s, B.Eng. , 
Ro11o·1rch Officor-.J. F. N1cho1as, TI.A., B .Sc. 
Re,e~rch Officer-G. J. Ogilvie,_U.Mct.E., ·M.Eng.Sr. 

(nbrond). 
Rc!loni·ch Officer-J. V. Sanrl_ers, B.Sc., Ph.D. 
Rosonrch Officer-Mrs. II. M. 0. Sosnowsky, Ph.D. 
Research Officer-J. A. Spink, B.Sc. 
Rescnrch Officer- I. C. W11tt, M.Sc. 
Resoorch Offioer-J. ·E . Young, Ph.D. 
Technical Officer-H. W. Hutebinson. 
Technical Officer-F. H. Hay. 
Technical Officer-J. J . Batten. 
Technical Officer-G. Brinson. 
Technical Officer-R. W. Coventry, B.Sc. 
Technical Officer-D. J. Nonis. 
Technical Officer-G. R. Perger, F .M.T.C. 
Technical Officer-R. G. Sherwood, A.M.T.C. 
Technical Officer-W. J. Tcgart, AJ\LT.C. 
P art-time Officer-S. R. McDonald, B.Sc. 

34. WILDT,IFF, SECTION. 
(Head-quarters: Canberra, Australian Oapit11l 

Territory.) 
Officor-in-chnrgo-F. N. Ro.t,oliffo, B.A. 
Research Officer-Miss M. Lazarus, B.Sc. 
Research Officer-J. le G. Rrereton, B.Sc. 
Resrnrch Officer-B. V. Fennessy, RAgr.Sc. 
ReRra,rch Offiaer-K. Myers. B.Sc. 
Tcrllllical Officer- .J. H. 0:ilally. 

35. Woor. T1tx·rrLE Rr-:st,Ancn LAnoru·romES. 
Senior Officor-in-charg~F. G. Lennox, D.Sc. 
At Wool Textile R esearch Laborator y, .Melboitrne

Biochemtistry Unit, 572 Ji'linclers-lane, Melbourne

Officer-in-chnr~e-F. G. Lennox, D.Sc. 
Laboratory Secretary-C. Garrow, Dip.Pub. 

Admin., A.F.I.A.. 
Senior Research Officer-H. J,indloy, B.A., Ph.D. 
Senior Re~rarch Offic(',r-W. G. Crewt1rnr, M.Sr. 
'Research Offioer--T. A. Prossle.v, B.Sc. 
Researrh Officer-,J. M. Gillespie. M.Sc. 
Research Offircr-M. A. ,formyn, :M.Sc .. Pl1.D. 
Research Offioer-S. ,J. Leach, B.Sc.'l'cob., Ph.D. 
Resoarch Offircr- ,J. 1-f. Swan. B.Sr., Ph.D. 
Research Officer-E. 'F. Wo"O<lR. M.Sc .. A.M.T.C'. 
Research Officer-J. A. Friend, M.Sc., Ph.D. 
Research Office1·- I. .T. O'Donnell, M.Sc. 
'Research Officor-D. H. $immonils. M.8r. 

(abroad). 
Rrseinrh Officor-G. E. Roirers. M.Sr. 

Snfoent D egr eosinr, .Tn111'.~ligafions. J[aribJ1rnm1g

r .rincipal Research Officer-E. ,T. Drnke. 
Draugl1tsman- E. E. Slade. 

At Wool Textill' Rr$e<vrr:lt Lnhornfor!J, Sydney
Physv-s and Engineeri11_q Unit . D elhi-road .. J•lnrfl, 

Ryde-

Officer-in-chargo-V. D. Bnrgmann, B.Sc .. RE. 
Toohnical Secretary- 1 . .T. W. Bissett, B.Sc. 
Research Officor-MrR. K. R M11kirn,011. RA. 

(abroad) . 
Research Officor-~T. l L Stua,rt, B.Sc. 
Tcclmioal Officer-A. R. Hnly, B.Sc. 
Teclmiral Officer-Miss J. C. Griffit.h , A.8.T.C. 
,\ :;sistnnt Librarian-Miss E. E. Shoebridgc. RA. 

Carbonizing T 1westi,qatio1M. 17 Ranrl71'.-slrl'.d, 
Syrlney-

Senior Resenrch Offircr- Ji,f, R. Freney, B.Sc. 

Al. Wool 'l'exlile Research Laboralory, Geelong
Officer-iu-chargc-M. Lipson, B.Sc., Ph.D. 
Technical Secretary and Textile Liaison Officer-

N. A. Whiffen, F .S.T.C. 
Senior Research Oflicer-D. L. C. ,Jackson, B.Sc. 
Research Officor- N . K. Boardman, M.Sc. 
Research Offi.cer- K. Vallance, B.Sc. 
Research Officer-D. S. Taylor, B.A.., B.Sc. 
Research Offiocr-0 . H. Nicho-lls, B.Sc. 
Research Officer- J. R. McPhee, B.Sc. 
Technical Offi.cer-J. F . Sinclair. 
1'cchnic:al Officer-Miss R. J . Hope, A.G.Tust. 

Tech. 
Technical Officer- A. Gray, B.Sc. (abroad) . 
Technical Officer-G. 0 . West, Dipl.Text.lncl. 
.\ ~sistaut Librarian-Miss Il. Andrews. 

31l. PLANT _\NO . \ NU[,\f, GE".1/RTfCS. 
ii I !ldelaide-

Sen ior Rci:Pnrch Offiret·-R. Horowitz, D.Agr.Sr . 
.1 l S31dney--

Re-:ea 1·0 h Officer-A. S. :Fl'user, 1LSc., 1-'li .D. 

XXXIV. PUBLICATIONS. 
The following papers have been published during 

the year:-
1. DJVJSIOJS' OF .\.NHif.\L HEALTH AND PRODUCTION. 

,\ 11s tin, C. R. (]!)50) .-Fcl'tilization of tl1e rat egg. 
Natu1·r. 160: 407. 

. \ 11stin, C.R. (J%0).-Tho fecundity of the immature 
rat following induced superovulation . .J . Endocrin. 
6: 203-301. 

Beck, A. B. (1050).-Studies on the excretion of oestro
gens by pregnant ewes. At1sf .. J. Agric. Res. 1: 
322-37. 

Bull, L.B., Vasey, A.. J., and Gamble, L. C. (1951).
.'\. study on tho mechanics of hand-feeding a main
tenauce ration to sheep during periods of drought. 
Aust. Vet. J. 27 : 59-62. 

Durie, P. H. (l!l51).-The pnrnmphistomes (Trema
toda) of Australian ruminants. I. Systematics. 
Proc. lAnn. Soc. N.S.W . 76: 41-8. 

Fisher, S.,* and Gregory, T. S. (1951) .-Studies on a 
serological test for tl1e diagno~is of tuberculosis in 
cattle. Aust. Vet. J . 27 : 25-34. 

Franklin, M. 0. (1950).-Influence of diet on dental 
de,·elopment in the sheep. C.S.I.R.0. Aust. Bull. 
No. 252. 

Hnrdy, Margaret R . ( J!l..J.9) .-The <lerelopment of 
mouse hair in 11itro, with some observations on 
pigmentation. l . Anat .. Lond. 83 : 364-84. 

H1mly, Margaret H . (1950).-Tbe development in 
vi.fro of tho mammary glands of the mouse. 
.J. Anal., Lond. 84: 888-93. 

Tfordy, }[argarct H. (1951).- The development of 
pelnge hairs and vibrissae from skin in tissue 
culture. Ann. N .Y. Acad. Sci. 53: 546-61. 

.Toh nr<!one, I. L. (1951) .- Studies ou lamb-marking 
<lressing.s for the p1·cvention of fly-strike. A.ust. 
Vet. J. 27 : 53-8. 

Johnstone, I. L., and Scott, Marion T. (1951).-Field 
trials on the prevention of body-strike in sheep by 
the uso of DDT and BHO. .4.ust. Vet. J. 27: 
79-82. 

Keith, R. K. (1951) .-The O(lcurrenoe of Ascaris 
vitii7orum Goeze 1782 in cnlves in Australia. 
A1tst . Vet. ,J. 27: 129. 

Kelley, R. B. (1950) .- Inheritnnce of skin folding 
(wrinkling) of sheep. A11sf . .J. Agric. Res. 1: 
471-05. 

Kelley, R. B. (1951) .-Polledness in domestic animals 
with sper ial referen<'C' fo sbC'op. Aust.. T'et. J . 2'7 : 
8-15. 

• Commonwealth Serum Lnboratorlea, Parkvlll~. Victoria. 
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Ln;:arus, Marian, and Rogers, W. P. (1950).-Uptake 
of phenothinzine labelled with sulphur-35 by the 
tissues of nematode parasites and their hosts. 
1Vat11re. 166: 64'7-9. 

Lazarus, Marian, and Rogers, W. P. (1951).-The 
mode of action of pheuothlazine as an anthelruin
t.hic. The uptake of 3iJS-1abelled phenothiazine 
by the tissues of nematode parasites and their hosts. 
Aust. J. Sci. Res. B 4: 163-79. 

Massey, V., and Rogers, W. P. (1950).-Effects of 
-oxygen carriers and oxygen tensions on fluoracctate 
inhi bition of citrntc utiliza tion. N ature. 166 : 951. 

Reid, R. L. (1950).-Studies on the carbohydrate 
metabolism of sheep. II. The uptake by the 
tissues of glucose and acetic acid from the peri
pheral circulation. Aust. J. Ag1·ic. Res. 1 : 338-
54. 

Reid, R. L. (1951).-Studies on the c_arbohydrate meta
bolism of sheep. III. The blood glucose during 
insulin hypoglycaemia. IV. H ypoglycaemic 
signs and their rclatiouship to bloop. glucose. 
Anst. J. Agric. Res. 2 : 132-57. 

Roberts, F. H. S., ancl :Moule, G. R.* ( 1951).-A pre
liminary r epor t on the value of DDT and BH O 
for the control of body-strike in sheep. Aust. Vet. 
J . 2'7 : 35-9. 

Roberts, F. H. S ., O'Sullivan, P. J ., t and Riek, R. F. 
( 1951) .- The significance of faecal egg counts in 
the diagnosis of parasitic gastro-cnteritis of cattle. 
1b1st. Vet . J. 27 : 16-18. 

Scott, Marion 1'. (1950) .- Observations on the bio
nomics of Li.nognolhus pedalis. Aust. J . . ,igric. 
Res. 1 : 465-70. 

Ska Her, F., and Grigg, G. W. (1950) .- The effect of 
orally administered synthetic oestrogen (hexo
estrol) on the male fowl. Ai,.st . .J. 1lgric. Res. 1 : 
496-516. 

Southcott, W. H. (1951).-Suspected tetrachlorethy
lene poisoning of sheep. A:nst. Vet. J. 2'7 : 130-1. 

Southcott, W. H . (1951).- The toxicity and anthel
minthic efficiency of hexach loretltanc in sheep. 
Aust. Vet . J . 27 : '18-21. 

Stewart, D. F. (1050).-Stuclies on resistance of sheep 
to infestation 11·i th IT aemonchus con tortws and 
'l'richostron,qylus spp. and on the immunological 
reactions of slieep exposed to infestation. I. The 
preparation of antigens fo r the complement :fixa
tion test and the reactivity of the biochemical 
fractions of H . contort~ts. II. The antibody 
response to infestation with H. contort.vs. 
Aust. J . Ag1·ic. Res. I : 285-300, 301-21. 

Stewart, D. F . (1950) .-Stuclies on resistance of sheep 
to infestation with H aemonchu.s contort us and 
T1·ichostrongyli1s spp. a11d 011 tbe immunological 
reactions of sheep exposed to infestation. III. 
The antibody response to infestation ,vitb Tricho
strongylus spp. IV. The antibody respouse to 
natural infestation in grazing sheep and the "self 
cure " phenomenon. Au.st. J. Agric. R es. 1 : 
413-26, 427-39. 

Stewart, D. F . (1951).-Circulatiug antibodies in rat., 
resistant to Nipposlrongylus m.m·is. Natwre. 167: 
151. 

Waterhouse, D. F.,t ctnd Scott, Marion T. (1950).
Insectory tests with insecticides to protect sheep 
against body strike. Aust. J . Agric. R es. I : 440-55. 

Whitlock, H. V. (1950) .- A technique for counting 
trematode eggs in .r;hccp faeces. J . II elminth. 
24:47-52. 

• Sheep Husba ndry Brnnch, Quccnslond Deparlmcnl of /1.grl
culturc and Stock. 

t Animal Health St1ttion, Quceuslnntl Dc1mrt1Uenl ol' .Agricul ture 
and Stock. Ycerongpllly. 

t !>I vision. of Ento1uolo,::y, C.S.I.R.O. , C1tnhcrrn, AuRtt-nllun 
Cnp1tnl Territory, 

Whitten, W. IC (1050).- Inactivation of gonado
trophins. llI. Inactivation and modification of 
serum gonadotrophin by periodate ions. Aust. J. 
Sci. Res. B 3: 346-55. 

Wilson, L. T. (1951) .-Pbysical analysis of the fleece 
of sheep for biological purposes. I . Actual and 
:i pparent cross-sectional areas of a staple of fleece 
wool under lateral compre.ssion. II. Estimation 
of the number and mean diameter of wool fibres 
from a cast of their cross-section. Au.st. J . Agric. 
Res. 2 : 181-204. 

Wilson, L. T., and Roberts, N. F . (1951) .-Physical 
analysis of the fleece of sheep for biological pur
poses. III. A means of measurement of the fibre
length distribution of fleece wool. Aust. J . Agric. 
Res. 2: 205-19. 

2. ATOMIC PHYSICS. 

Oddie, T. H ., and Scott, R. K . (1950) .-Results of 
uptake and excretion tests with rndio-iodine. Brit. 
J . Racliol. 23 : 348-54. 

3. D1v1sroN 01,• ilrom1E,1usTRY .\ ND GENER-AL N U'l'RI'l'ION. 

G1'11y, F. V ., and Pilgrim, A. F . (1950) .-Fermenta-
tion in tlrn rumen of the sheep. 1Vatu.re. 
166: 478-9. 

Gray, F . V., and Pilgrim, A. F. (1951) .-Fermenta
tion in the rumen of the sheep. II. The pro
duction of volatile fatty acids during the fermenta
tion of wheaten bay and lucerne bay in the rumen. 
J. Exp. Biol. 28 : 83-90. 

Gray, F . V., Pilgrim, A. F ., and Weller, R. A. (1951) . 
~Fermentation in the rumen of tl1e sheep. I. 
The production of volatile fatty acids and methane 
during the fermentation of wlieaten bay and 
lurernc hny in vitro by microorga11isms from the 
r11men. J . Exz1. Biol. 28: '74-82. 

Grny. F . V., P ilgrim, A. F., Rodda, H. J., and Weller, 
R. A. (1951) .-Volatile fatty acids in the rumen 
of the sheep. N at1ire. 16'7: 954. 

,Jan ett, I. G., and P otter, B. J . (1950).~TJ113 
metabolism of acetate in sheep after injection of 
phlorhizin. Aust. J. Exp. Biol. Med. Sci. 
28: 595-602. 

.T nnett, I. G., and P otter, B. J. (195"0) .~Metabolism 
of acetate and propionate in the ruminant. Nature. 
166 : 515-7. 

T.er. H . J . ( 1950).-The occurrence and correction of 
roba lt nnd copper deficiency affecting sheep in 
South Australia. A1.LSt. Vet . . J. 26 : 152-9. 

T,re, II. ,T. (1951) .-Cobalt and copper deficiencies 
affecting sheep in South Australia. I. Symptoms 
and distribution. J. Dep. A.r,ric. S .A. 54 : 4'75-90. 

T.rr. H. J. (1951) .-Cobalt and copper deficiencies 
affecting sheep in South Australia. II. Practical 
control measures. J. Dep. Agric. S .A. 54 : 527-32. 

Marston. H. R. (1!)50).- Ooppcr deficiency in rumi-
nants. Oonper metabolism. (,Johns Hopkins 
Press : Baltimore.) 

Quinl?,n-Watson. T.A.F. ( 1951) .- Aldolase activity in 
zrnc-deficient plants. N afore. 167: 1033-4. 

R iceman, D. S. (1950) .-Mineral deficiencv and 
nasture establishment in the Ooonalpyn Downs, 
Son th Australia. J. Dep. Agric. S.A. 54 : 132-40. 

4. DrvrsroN OF B urLDING R ESEARCH. 

Blakey. F . A . (1950).--J)iscussion (IDtimate strength 
of 1·r info1·red roncrete beams, by S. D. Lash and 
,T. W. Briso11) . . T. Am.rw. f!011~r. Tn!lf. 22 : 472-
n-472-7. 

()olr, W. F ., Sorum. H .. * and Taylor. W. H .. * (1951'\. 
-Structu res of the pla~iorlR~A felspar s. T. Act.a 
Or11st. 4 : 20-9. 

Tl nmmill, S.A_. (19n0) .- Oa bi net. for nlin.!? microfilm. 
lriformahori. 4 : 20. 

HA mm ill. S. A .. arid }.fr,Tairgart. R. 0. (1950) .- Guido 
to the library. Tn formafion. 4: 18-17. 
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Holden, T. S. (1950).-Automatic timer fo~·, photo
graphic darkrooms. Ai,st. J . l11stru1n. '1 echnol. 
6 : 114-16. 

Muncey, R. W. (1950) .----;-Use of thl'ee-dimensional 
models in room acoustics. J. Aco11.st. Soc. Amer. 
22: 510-11. 

Taylor, W. H. (1951) .-Sulphate-resistant concrete. 
Go111;/r11cl . Rev. 23 : 19-23. 

ri. CoMMONWEALTJ-C REsf:ARCII S-rATJON 

(MunRAY In.moATTON AnE,\s) . 
Baldwin, J. G. (1950).-Soil survey vf the Sh~re 

of Whittle.ma, Victoria. Proc. Roy. Soc. V1,ct. 
(N.S.) 62: 173-9G. 

Giles, J . E., and Alexander, D. nfoE. (1950).~Fre
qucncy of il'l'iga tion for tomato pbnts . .f. 1111.s/ . 
111st. Agric. Sci. 16 : 95-100. 

Sauer, :M:. R (lr!)51) .-Growth of orange shoots. Aus/. 
J. ;1 gric. Res. 2 : l0il-17. 

6. D ,\IrtY REst,ARCJI SECTI0:-1. 

Conochie, J. (1950).-Weed taint in Austral ian dairy 
products. il ·usl. J. Dairy Technol. 5 (2~ : 43. 

Kumetat, K. (1951).-A substitute for egg-white from 
skim milk. Catering. 9 (105) : 6. 

Loftus Hills, ,G, (1950).-Butter manufacture in Aus
tralia. Nord. Meje1·i Tidsslcr. 16 (4) :45. 

Loftus Hills, G. (1950).-World milk distribution. 
Aust. J. Dair1J Tcchnol. 5 ( 4) : 131. 

7. DIVISION OF ELECTROTECHNOL OOY. 

Hamon, D. V . (1951).-Precise frequency and voltage 
control for a sine wayc alternator set. A11st. J. 
Appl. Sci. 2: 1-25. 

Hamon, B. V., and :M:eakins, R. ,T. .(1950).-Low fre
quency dielectric absorption in organic long-chain 
compounds due to the presence of traces of alcohol 
impurities. Nature. 1G4: 29. 

Richardson, R. C., and Warner, J . (10:i0).-,Straight 
flight of aircraft equipped with radar-operated 
pilot' s indicator. Photogm,n. Engng. 1950: 544-9. 

Ross, I. G., and Sack, R A. (1950).-Solvent effects 
in dipole moment measurements. Proc. Phys. Soc. 
B 63 : 893. 

8. D1vrn10N OF ENTOMOLOGY. 

Calaby, J. H. (1·951) .-Adenosine triphospbatc from 
insect muscle. Arch. Biocheni. Biophys. 31 : 294. 

Carne, P. B. (1950) .-Morphology of the immature 
stages of A.71hodius howitti Hope (Coleoptera, 
Scarabaeidae, Aphodiinae). Proc. Limn. Soc. 
N .S.W. 75 : 158-66. 

Day, M. F. (195'1).-Stndies on the digestion of wool 
by insects. I. Microscopy of digestion of wool by 
clothes moth larvae (Tineola bisselliella Humm.). 
Aust. J. Sci. Res. B 4 : 42-8. 

Day, M. F. (1951).- Studies on the digestion of wool 
by insects. III. A comparison between the 
tracheation of the midgut of Tineola larvae and 
that of other insect tissues. Anst. ,J. S ci. R es: 
B 4: 64-7'4. 

Day, M. F. (1951).-The mechanism of secretion by 
the_ salivary gland of the cockroach Periplaneta 
americana L. Anst. J . Sci. Res. B 4 : 136-43. 

Da,v, M. F., and McKinnon, Anne (1951).-A study 
of some aspects of the feeding of the jassid Orosi11s. 
.thist. J . Sci. Res. B 4 :-125-35. 

Grylls, N . E. (1950).- Low-volume DDT spray treat
ment of a lucerne s-eed crop. ,T. A·ns{. fn gf, Llgric. 
Sr-i. 16 : 154-7 

H elson. G. A. H . (1949).- The potato moth, n-nori1110" 
schem,a ovcrciilella (Zell.), and its control in Aus
t ralia. O.S.I.R O. Aust. Bull. No. 248. 

H elson, G. A.H. (1951).- The transmission of witcl1rs' 
broom virus disease of lucerne bv the common 
brom1 leaf-hopper , Oro.si11s ar_qenfafos CF.van~). 
Augf, .T. Sci. Rll-~. :84:115-24. 

Rey, K. II. L. (1950) .- Critiquc on the phase tLeorJ 
of locusts. Qnart. H.ev. Biol. 25 : ::!63-407. 

Nicholson, A. J . (1951).-A simple method of disinteg
rating cells. Nature. 167: 563-4. 

Nonis, K. R. (1950).-The aestivating eggs of the red
legged earth mite, Halotydeus destn1,c/,or (Tucker). 
O.S.l .R.O. Aust. Bull. No. 253. 

P aramonov, S. J. (1950) .-Notes on Australian 
Diptera. I.-V. Ann. J11ag. Nol . fJisl . (12) 
3 : 515-34. 

Pararnonov, S. J . (1950) .- A new African species 
( A pioccridae) . J . Ent. Soc. 8 . Afr. 13 : 103-5. 

Powning, R. F. (1950).-The compatibility of DDT 
with nicotine and a.l.lrnline diluents in agricultural 
dusts. Ausl. J. A._qric. Res. 1 : 178-81. 

Powuing, R. F., Day, M. F., and Irzykiewicz, H. 
(19:>1).-Studies on the digestion of wool by 
insects. II. The properties of some insect pro
teinasr~. A 11st . .f. Sci. Res. B 4: 49-63. 

Waterhouse, D . F ., and Scott, M. T . (1950) .- Insectal'y 
tr5ts with insecticides to protect sheep against 
bony strike. A 1lSf . .r. ,t gric. Res. 1 : 440-55. 

WatNhousc, D . F. (J!J:il).- Connective t issue strands 
in blowfly larvae. Aust. J . Sc-i. 13 : 25-G. 

Waterhouse, D. F. (1951).-Histochemical detection 
of barium and strontium. Nature . 167: 358. 

Waterhouse, D . F. (1951) .- The occurrence of barium 
and strontium in insects. 1111st. J. Sci. R es. 
B 4 : 144-62. 

W11terl1onsc, D. F ., and P arnmonov, S. J . (J950) .
The status of the two species of unc·ilia (Diptera, 
,Calliplwridae) attacking sheep in Austrnlia. A11sf. 
.T, Sci. Res. B 3 : 310-R<l. 

9. D rv1sTON ov F1smmrns. 
Illackburn, M. (1950).- The Tasmani an whitebait, 

Lo oe/lia seali (Johnston), and the whitebait 
fishery. A 11st. ,J. 1,J ar. F'reshw. R-es. 1 : J 55-98. 

Blackburn, M. (1950) .-Stu<lies on the age, growth, 
and life histor_y of tl1e pilchard, 8a1T"dino71s neopil
chardus (Steindachner), in southern and ""estern 
Australia . Au.sl. J. M ar. "Freshw. Res. 1 : 221-58. 

Blackbum, M., and Tubb, J . .A:.. (1950).-Measurcs of 
abundance of certain pelagic fish in some so-uth
castern Australian waters. C.S.I.R.O. Aust. Bull. 
No. 251. 

Fairbridge, W . S. (1951 ) .-Some populations of the 
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XXXV. FINANCE. 

J. EXPENDITURE. 

(a) Salarie6 and contingencies 
(b) Jn\'estigatio11s-

(i) Animal Health and Procluction Problems 
T,css contribut ionR from

Wool Jndustry Fund 
\Vool Rcsenrch Trust Account 
Commonwenlth Bank 
Qneensland Go,·crnment 
A ustrnthm Dnirv Produce Boa.rel 
Austrnliim Men£ Board · 
AustraliiLn Wool Bon rd (balance of old grants) 
Inn Mcl\Iaster Dcquest 
Alexander Fraser l\Iemorial Fund 
Burclckin Bequest ( drought fct•ding) 
Re\'enne Funds-

Regional Pastoral La•horntory, Anniclale 
Rurcleki 11 Dcquest 
,Poultry Breeding 
Vaccine 
Contagions Plcuro-pnuemonia 
l'ooradiu Field Station 
Parasitology-1\foMaster Laboratory 
Oestrus 
Toxnemic Jaunclke---Barooga 
Toxaemic Jaunclice-PnrkYillc 
Mastitis 
Mcl\Iastcr Field Station 
Gilruth Plains l<'ield Station 
Cobram Field Station 

(ii) Biochemistry and General Nutrition Problems 
Less contributions from

Commonweal th Bank 
Wool Research Trust Account 
Austro.lio.n Wool Board (balance of old grants) 
Nutrition Laboratory Revenue Fund 

(iii) Plant Problems-Division of Pinnt Industry 
I,ess contributions from-

Department of N1ttionnl Development 
·western Australian Golf As~ocintion 
Wool Industry Fund · 
Wool Research Trust Account 
Plant Industry Revenu.e Fund 
Cooper Laboratory Revenue Fund 

(Iv) Entomology Problem a 
Less contributions from

A ustrallan Meat Board 

(v) Soils and Irrigation Problems of Inlgation Settlements
( a) Cit ricultural- Research Station, Griffith .. 

Less contributions from-
New South Wales Water Conservation e.nd Irrigation Commission 
Leeton Co-operative Oanneries .. 
G'rifflth Research Station Revenue Fund 

( b) Viticulture.I- Research Station, Merbein 
Less contributions from-

Dried Fruits Control Boa.rd .. 
l\>Iildura. Co-operative Fruit Company 
Trymplc Packing Comvany .. 
Red Cliffs Co-operntiYe 1''r11it Company 
Aurora Packing Company . . . . 
Co-opernti\'e Dried Fruit Sales Limited 
Mcrbein Sta.tion Revenue 

£ 

1,090 
n3,30U 
1,350 
1,000 
2,000 
1,387 

28 
732 
300 

l ,560 

7,886 
2,076 
3,510 

900 
800 
500 

1,373 
1,455 

800 
788 

2,905 
2,015 

I 1,186 
261 

450 
18,040 

434 
653 

5,324 
24 

2,708 
34,390 

1,070 
290 

836 

2,000 
100 

2,039 

1,201 
200 
200 
200 
200 
200 

4,689 

£ 

290,614 

139,808 

68,803 

19,577 

296,015 

43,806 

96,683 

8S6 

152,149 

4,189 

33,361 

6,890 

£ 
229,800* 

156,806 

49,226 

252,209 

915,847 

48,010 

26,471 

• 'l'he mu.iu items of expenditure unde r this bcu.dlng nrc snlnries of the Adminlstrntlv~ StaO' nt the Organi¼ation·s Head Office; 
snlarlce and e,:pensns of officers nt \·he I,!nlson Offlcl'R In X.on1lon nnd Washington: stnll' nu<l 111,krep or Stute Commltt<'CS: tmvellln" 
rxor.nscs of H cnu Ofllce SJ·nft'; nnd printing nnd geocral ofllcc expendlturP. » 



(vi) Soil Problems 
Less contributions !rnm

Commonwca.lth llank 

Unapportioncd ovcrseu,i exp<mcliturc 011 1:ioils and Irrigation Investigations 
(di ) l?oocl Preservo.t ion aml Tnwsport Problems 

1,ess contributions from-
Cou11uo1rn eal th llank . . • • 
New couth Wulc~ Department of Ag)·ic.ulture 
:Uletropolitun 1Vicut lndustry Commission 
Queensland Meat lnclu.;try lloarcl 
Australian :Uicat Doard 

(viii ) 

Australian Egg lloiir<l .. 
Food Preservation Revenue .liund 
Batlow Packing Company 

Forest Products J'roblcm:; 
Less contributions !rom-

Austrn.Jian Pa per ;\l anu fact.urcrs Limited 
AMociatcd Pulp and Pupc1· Mills Limited 
Commonwealth Bank 
Forest l'roducts l{c1·en11~ Fund 

(ix) Mining and :Mctallnrgy 
I,ess contributions from-

Australian ]nistilut.e of Miniug and :Metallurgy 

( x) Rudio ReseMch 
Less contributions from

Postmaster-General's Department 
Dcp:irtmcnt of Anny, ::-i'M·y and llir 

(xi) Research Services 
Less contributions from-

1Vool Rest•arch Trust Account 

(xii ) [mlu><irial Chemistry 
J,1•8s con trilrn tions from

N a tiona l G:is ,\~~o<·iaiion 
C'crnent 1tnd ( 'cnwrctc A,soc-iation 

(xiii) F isheries ]o,·e~tig:Lliuns 
(xi,·) Mathematical Sb•tistir, 
(xv) N'atiomil Stanclanls Llll1oratorv 

( x,·i) Tribophysic:s · 
(xvii) Building Rc1;c•arrlt 

(xviii) F lax Research 
(xb:) Ra.diophysics Rcscarc,h 
(xx) l\Ictnllurg-ical Resen.rch 

(xxi) Nuclear Fnerg-y Rcsrarc·h 
( xxii) Meteorological l'hysie~ 

(xxiii) Dairy Rc,;earch 
(xxh·) Wooi Tex tile Rcsr.ard1 

J,es.• c11ntrilmtiorn, fron1-

(xxv) 
(xxvi) 

Wool Research Trnst Ac<'onnt 
'\Vool Indn,-try Fund 

Fuel Resc:u-ch 
'\-Vild Life Survt>v 

l,e.•·• contrilmtions frorn-
Gcorg-e A ithn Pnstorn I Research 
Wool Research 'l'rnst Arconnt 

(xxvii) j\,[iscellnneon1:-
(a,) Bioplty,irnl Resen.r<'h 
( b) Oenolog-icn 1 Rrsco.r<'h 
( c) Genetic Tnvcstig-ations 
(d) Various 

J,c.•s c·ontrihntions from
An~trnlian '\Viue Board 

Trnsi 

Science ancl Tnrl trntr.v F.nrlowmeut Fnnd 

(:-xviii) U11foreseen nn<l Ur~cnt--
Totn.l of Hem (11 )- Tnvc.stigation~ 

(c) Grnnts
(i) Grn.nt to J,cathcr Rrsl'nrch A.s~oci,ition 

(ii) O,·crsens Res~arch ~tudentships 

l ,e.•·• contrih1ition~ from-
Wool Re~cnrch Trust AcPnlmt 
Science a.nc\ Jncln~tr_,, F.1Hlowment Fnnd 

Total Salaries and Contingencies, Investigations and Grants 

£ 

1,000 

1,200 
1,416 

500 
850 
375 
435 
135 
50 

500 
500 

1,000 
98 

500 

5,000 
10,000 

2,799 

600 
1,500 

104,535 
8,827 

500 
3,927 

1,280 
39 

10,260 
2,040 

£ 
74,637 

1,000 

112,185 

4,961 

170,686 

2,098 

18,014 

500 

22,040 

15,000 

60,819 

2,799 

222,941 

2,100 

115,186 

113,362 

J 3,188 

4,427 

1,166 
3,109 
2,200 
8,293 

14,768 

1,319 

5,000 
28,844 

33,844 

12,309 

£ 

73,637 
7,857 

I0i,224 

168,588 

17,514 

7,949 

67,020 

220,841 
127,906 
24,099 

263,677 
45,252 

101,618 
26,013 

188,708 
6,384 

43,809 
27,958 
17,290 

1,824 
62,235 

8,761 

13,449 

2,258,272 

21,535 
2,509,607 



2. CoNTRIUUT[ONS AJllll DONATIONS. 

The iollowing statement shows the receipts_ and disbur_sc· 
111cnts duri1w the year 1950·5•1 of the funds provided by outs1d~ 
hodies and 

0

recordecl in the special account e1!titled "Th~
!-lpecific Rescu.rclt J,'und" ( formerly "T!Jc Specific Purpose~ 
Trust Acco,mt ") :-

lt,,ccipts 19::iO•ri l 
nn(I balnncf•s E x JH'Illlhurv 

hrougbt fo rwnr,I 1i1:j().:;1. 
rro111 ] O·la-GO. 

£ £ 

\\"ool industry Fund Account 90,281 
Commonwealth Bank (Animal 

Health and Production, Horti
cultural, Food Preservat ion and 
'frnnsport, :L11d Forest Products 
luYestigations ) 5,000 

Australian Wool Uonrd (Auimal 
Health llnd Production Io vesti -
g ations-Shccp Research) . . :l,08S 

Australian Dairy Produce Doanl 
( ~Iastitis Investigations) 2,000 

George Aitken Pastoral Hesea.rch 
Trust (,\nimul Health u11d l'ro-
duction lnYestigations :,00 

(lucc11sland Governmc11t Cnltlt: 
Hcscarch ( Animal Ifon Ith and 
Production [11vestigatio11s-Sheeµ 
Research) l,0U0 

Australian Meat Board (Toxaemic 
J aundicc Investigations, Barooga, 
New South Wales ) 1,000 

Australian .Meat Board ( Cttscous 
Lympluidenitis Investjgations-
Animal Health and Production) 412 

Australia n i\Icat Board (Beef Cattle 
Research) l OS 

Australian 2ifoat Board (Bovine 
Pleuropueurnonia Investigations ) 333 

A lcxnnder Fraser l\Icmorial Fund :ioo 
C'.P.P. F a irba irn (Animal Health 

and l'roduetion In,·cRtigntionR-
Foot•ro t Control) 30 

Estate of the hte Captain fan 
~fo~lastcr (Animal Healt h nn•l 
l'roch1ction (11 ,·es t iga tlons ) !l(i~ 

\\"es t .lustrali:tn Golf Associa• 
tion (Plant Indus try I1n-cstig ,1 -
tions ) 24 

Department ,,f K a t ional De,·clop
ment - No1·ther11 Australia 
Hcgional S un·ey (Divisio11 of 

Plaut Industry) li.21iS 
Department of Xalional Dc1·elop• 

111c11t - Ki111bcrley Research 
Stat ion :;.1 i 

United Gra;,;icr,-' Assot:ia,t ion of 
Queenslaml-Buffalo li'ly and 
Cattle Tick Tnn:stigat,ions (Ento• 
molo~y) 172 

.\11strnlia11 Meat ]3,;mrd - Col-
loidal Dispersions, Investigations 
( Entomology) 1,600 

Bnrclekin Bequest (Drought Feed-
ing Investigaiio11s) I ,MlO 

Xew Soutl1 " 1ales Water Conser va
tion and Ini;;-iition Co111111iss io11 
(Maintcuancc of Grifiith Rescar<'h 
Station) 2 ,000 

~[urn11n b idgce Irrig a t io11 .Arca 
Executive Committee Project 
Farm (Griffith l~cscarch Stntiou) 100 

:llilclma Co-op. Frnit Co. (Dried 
Vine Fruits Jnvcstig1ttions , 
;\forbcin) 255 

lrymplc Pncking Co. (Dried Vine 
.Fruits Investigations, Mer,bcia) 2,35 

s2,ooo• 

5,000 

•1li3 

2,000 

1,000 

1,000 

108A 

310 
300 

Otl-lB 

24 

4,7\IG 

ii28 

s:rn 

1,560 

2.000 

100 

250<..: 

205<..: 

• Expt•tHlcd ns fo llowi::: :- Bounrl.tr.r ( t1nc ing and tlams ut Pro:s• 
pcct, £104. ·Buildings ut Pro~pcct, £9.!JH. Construction or ron<l
wuy "t Prospect, £ (H. B11iltlings :1 t , \ rmidalc, :£ 2,S(i•k Construc
tion of rOlltl\\"n,v nt Armldnlc, .£ 001. Rrcctiou or cottn;.;e. 
~fcMnstcr Flt•lcl S tatio11. £ 3,G::!7. Builtlin;::~ nt D cniliquln. 
·£17.S30. Buildiu;.s at '.1.'rauglc, ,£10,7·!2. P111·chnsc of lnnll. 
KoJonup, £ !!81. Rulltlin;.:s a t Crawl<'.,·. ,C 9:17. Ellcctric Ins talla
tions nt G len thorn <', ,1; :w.i. Acquis.l t lon oC propcrtr nt Albury. 
£ ;;,.JOO. B reclion, llnlni:: 1111cJ ,·Piling Army huts, Gcelong, £3,278. 
J~rcct luu oE bullcli11g$ 1111t1 cottn i::e uutl acquisi t ion or site. 
Geelong, £19,933. Altrrntlons to buildings, i\lariby1·uong, £ 1,675. 
Conversion of •• Qnnmb)• '' into II lnborn1·or.1·, £7.G72. Erection 
of laboratory, Fisbermeu·s Bcml, £ 4,4!J7. Rt'funcl received from 
Dcpni·tmcut ·oe ,Yorks nnd H ous!ug In counexlon with er ection of 
hlochemlstrr Inborn tor)' , Aclclni,lc, £ 7,508. 

,\. Inc!u<les £ :-ll on 11 ccount of 1040-50 cxpcnditur<•. 
II. !11cluclc~ cl: ~32 011 nccouut or l0-l!l-1i0 cxpe11clltu1·c. 
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Receipts 1900-51 
nod b11l11ncl!~ l~xpcnditu re 

hrou;;rh t r o,·w,trtl J ().10-~I. 
from l!l40-till. 

Red Cliffs Co-op. Jiruit Co. 
(Dried Vine Fruits Im·estiga• 
lion s, :\Ierbcin) 

Aurora l'nckin!! Company {Dried 
Vine Fruits Investigations, 
:\IcrLein ) 

Co-op. Drieri 1"ruits Sales Ltd. 
(Dried Vine Fruit 1nvestiga tio11s, 
Merbein) 

Dried Frnits ConLrol Board (Dried 
Fruils Investigations ) 

Xyah-,Yoorinen Dried Fruits 
lnquiry Committee (Dried Fruits 
Investigations) 

Australian Ment Bna rd (Meat 
In,·cstiga tions) 

;\letropolitan Meat Industry Com-
111iss iouer of New South W ale~ 
(Meat Im·cstigations) .. 

<~ucenslnnd Mcnt Inclnstn· Board 
( Meat Im·e~tigations) · 

:--ew South ,~ales Department of 
Agriculture (Food Investiga-
tions) 

W. Angliss Ltd. (Division of Food 
P reserrntion and Transport) 

L. Berger nnd Sons (Division of 
Food Preser vation and Transport) 

Batlow Packing House Co-op. Ltd. 
(Division of Food Prescn,ation 
nncl Transport - Fruit Juice 
Investigations) 

Various Contributors (Division of 
Food Preser vation nud Transport 
-Frnit .Juice Investigations ) . . 

Australian Egg Board (Division 
of Food Preservation and Tran~
port- Egg I nvestigations ) 

Xew .South \Vales Department of 
Ag ri~ulturc-Q,uick Frcezinl!' of 
Fruit nncl Vegetable~ (Division 
n f F ood T'rcsen ·ation and Trans
port) 

,\ 11s t ral ia11 Pttper )lanufad urcr~ 
Ltcl. (Paper T.'nlr Tm-estigat ion~) 

.\ s.sociatcd Pulp and P npcr ;\Iill~ 
Ltd. (Paper "Pulp Tnnistigations) 

~1111dr_v Co11tribntor, (Fon•st l'm• 
duct~ Iu1·r ,tigation~) .. 

~[isccll1111co11.s Crlll t r ib11 t o1·s ( Di\"i
~io11 of Forl'~t J>rnduct~- •rimber 
Sca~onin.~ Work ) 

~Ii~ccll:u1cuws Co nt ributor ~ (Di\'i
s ion of Forest l'roducts-Venecr 
n11d Gluiug Work) 

\-ictoriau lfa.i lway~- Righ 1'1·es$tll"C 
Tcst - J~ailway Sleeper~ (Dh is iou 
of Forest Product ~) 

.\11,tralia11 Institute of Mi11ing ancl 
:ifotallu rgy ( Mi11cragrnphic Tu-
1·c;; tigations) . . 

J '11s tmas ter-Gc11cn11·s ])epu 1·tu1c11t 
(Radin Rc,;carch) 

Dcpart 111c11t~ nf An11y, N:ll'y , nod 
Air (Radio Rcsen.rrh) 

l>rng House~ of A11stral ia (Di,·i
sion of Fisl1cric,--Agur Produc
t ion ) 

( ·,,1111111H1\\"ealtl1 ~·ertilizcr; and 
Chemica.ls (J11d 11~trial Ch<'mi,try ) 

Xa tional Gas Association (Gn" 
T n1·estigatiom,- Ind ustrial Chem
istry) 

_\ u~tralia11 Ccrncni .:\lanufacturcrs 
( Cement l111·cstig,1.tiou,-I11cl11,-
lrial C!Jc111is try /Soils) 

_\pple a.nd P ear Uoanl- Tltrip~ 
l nYrs tigation~ 

!-,undry Contributor,; (Co111mon-
wculth i:kicntific all(l I 11clustrinl 
Re,car ch Orga11ii.atio11-Pu\Jlic,i-
t ions ) ' 

Seicncc ,rnd lmlustrv 1r11dow1nc11L 
F1mcl .. 

£ £ 

2ij;j 

255 

265 

1.600 

403 

r,oo 

li00 

sr,o 

1,000 

38 

100 

600 

28 

43;; 

,;,;s 

;;on 
,;on 

:1.00; 

10 

8 

1,180 

500 

5,000 

10,000 

aoo 

liOO .. 

1,500 

7i 

24 

2,088 

20-50 

2050 

215D 

1,201 

500E 

500 

850 

1,000 

1.000 

50 

4-35 

416 

500 

r;oo 

!)8 

500 

,,.ooo 

10,000 

uoo 

1,500 

2,088 

C. lnclutles £ 5 on 1\ceount of 1049-50 CXtJl!ncli ture. 
D. Includes £ lei on ,iccount or 1949-50 cxpe11cliturc. 
lil. Includes £ 125 on account of 1940-50 c:,.pencllturc. 

1 
I 
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Hcceivts 1050-51 
anu balances Bx111·ntliturv 

hrougll t fwwn rtl 1050-51. 

Receipts 1050-Gl 
and balances .Elxpcntlilu re 

\\'ool Scourers, Carl.Ju11izcrs u11u 
li'clln1ongers Fecle1·ation of Aus
t ralia (\:\'ool Textile Hcsca.rch) 

\ 'ariou~ Contril.Jutors ( l?uundr.l' 
Sands In1·estigntions-Di\'is io11 oi 
I11dustrial Chclllist ry) 

Commonwealth Aircraft (;orporn-
t io11 ( Dil·isiu11 ,,r ) fetrnlogy. 
N.S.L.) 

:\us trnliau \Vine lloanl-Ocuo· 
logicn I Hcs1:11rch 

Gc<Jr<>c Aitkr.,11 Pastoral Resear ch 
'l'r~tit-HnlJbit lu1·estigatiu1is 

,h socinte1l Wool len Wur~le<l 'l'cxtih· 
)fnnufncturers of A u.,trnlia (Wool 
Textile Re~carch) 

H1•1·c11111• Fund - J!'lccc,· A11t1IJ:-is 
Lahorator_y (Animal J:knlth nnd 
l 'roductiun fo1·csl ig-al iu11~) 

lh!,·cn11e 1lu11cl-rroxuc111 ic J a.u 1ulit•l· 
I nl'cstigat in11~ ( ,\ ni111a l Hen It h 
,u1\l Prorlndio11 I nl'cstig11tio11s) 

Hcvcnuc l•'u11d- Co11tag-ious l>leuro· 
JllH!ll lllOlli:, ] II ,·csti,gations (Anilllal 
Health and Prod11ction lnl'CSti
gatio 11s) 

ll<•,·c111H) F1111ll-Ocstrns Experi
ment (Animal Health n11d Pro
d uction Invcstig11tio11~) 

Hel'1:n11e Fund - Sale of Coutn,)!· 
ious Plcu ro-pncu.mo11ia Vaccine 
(Animal Health and l'rocluctio11 
I nvestign t io11s) 

H1•1·<•1111<• 1"111111- ( 'ohra111 l•'ield 
St;iti1111 ( .\1iin1al H<•itlth and 
Prod11<'1 inn I 11,·<."~Lignt ic11 1~ ) 

H<'l·r11111: J.'111ul- -B11rtl1•ki11 B,•11m•,t 
(A11i1mil T-1.p,iltlt am! Procl11ctio11 
I 111·e~t iga tio11~) 

li1•1·c11111• F11111l- .-\11a pla,1110,-i, J11-
1·e~ti;,;:1tiv11s ( :\11inwl Hen Ith ,ind 
Prod 11ctio11 T m·c,tip;atinns ) 

!,p,·c11uc l<'uml-Parkl'ilk Lahora
tnry (Ani111,L1 Health nn<I Pro· 
,tm·titHl T11ni'tig-atio11s) 

Ht·1·cnm• J.?uml- Toonuli11 F ield 
Sbttinn (Animal Health and 
P roductio11 J111·cstigations ) 

He1·c11uc Li'u11d- Po11ltry Breeding 
[nrnstigations, vVerrilJcc (Animal 
Health nu<i Prodnctio11 Im·csti
,!!!ttio11s) 

Hc1·cmui l1\ 11ul - \Vcrribcc Fllnn 
::\Iustitis Jnve~tigations (animal 
Health :111d Prod 11<:tion T nvcsti
gations) 

Heve1111c l<'uud-Drnughl. 
Ju 1·cstig11 tions, , V crribce 
Health n ncl P roductio 11 
gation,) 

l?ccdin" 
( Animi{\ 
Tnvesti-

Hcvcnuc Jru11<1 - National P ie l,! 
Statio11, "Gilruth P lai ns", Cun-
11amulla, Queens land ( Animal 
Health and P rocl11ctio11 I 1w esti
gations) 

Rcscrl'C Funcl-1fati<J1111I Fick\ 
Station, "Gilruth Plains", C1111-
111imulla, Q11 censlawl (Auimal 
Hcal.t-11 and Production Investi
gatious) 

Hc,·enue F1111d-, 'hccp Biology In-
1·estigat.io11s (AnimRI Health and 
Production In1·cstigatio11s) 

Hc.-enue Fu]l(l-Bncteriological fo
l'estigation~ (Anima l Health !\ltd 
Production Investigations) 

Revenue Fund-Parasitological 
Invcstiglltions (Animal Heal th 
and Production Investigations) .. 

from 1(110-GO. 
£ £ 

:3.000 

1,107 

I ,.,4 1 

87:i 

8,102 

l.i-11 

2,0 liS 

:J,:,80 

,3,300 

2,U71i 

!)Ii 

!) I 

1,:Hii 

i ,7ti0 

04 

23,1 J;i 

15,000 

.14 

ii 

4.561 

1,44 IF 

.j(/1) 

781:i 

soo 

!JOO 

21il 

2.07fi 

.-,uo 

3,510 

2,00ii 

11 ,186 

5G 

1,373 

li'. Includes £ 161 on ncc01u1t or 1919-GO cxpc1.1dit11re. 
G. Inclmk•s £ 5 on accuu11t of 1010-60 cxpc11ulture. 

brought forward 1950-51. 
from 1940-50. 

!{cl'enuc F und-Wool lliology 
Investigations (Animal Health 
ilnd P r oduction Investigations) 

Revenue l •' und-Regional Pastora.! 
Reseu.rch Stiltiun (Animnl Health 
and Production Investigations) .. 

General Donations - Building 
lleseard1 Section . . . . 

Revenue Fuud- Iufertility, F. D. 
McMaster Field Stntion (Animal 
Health and Production Inve.stiga
tious) 

Hevenue Fund-Veterinary Par~,
sitology Ln!Joratory ( Animal 
Ilcalth a11d Production Investiga
t ions) 

H\!l'<!11uc Fu11<l-Toxnemic Jauudicc 
Jnrestigatiom,, Barooga, New 
S<J11tl1 Wales (An.inrnl Health and 
l'rocluction Investigations ) 

Hcvenue F und-Nutrition Latborn· 
to ry (Biochemistry and General 
Nu t rition Investigations) 

Heveuue F und-Plant l11d•nstry 
lnvestigations 

Reveuue Fund-Stnnthorpe Field 
Station (Plant Indll6try Inves
tigatiom;) 

Revenue Fund-Glen Lossie Field 
Station (Plant Industry Investi
gations) 

Hevcnue Fund- Deniliquin Hegional 
Pastoral Laboratory ( Plant 
J ndustry Investigations) 

Ue,·cnuc Fnnd-Cooper Laborn lory 
(Plonl Industry Investigations) 

Hcn:nue Fund-Entomological 
I n,·cstigations 

He,·cnuc F und-Gd·iffi.th Research 
Station ( Gitricultural I m·estign.• 
tioHB) 

Hcrenue Fund- Mcrbein 11escarcb 
Station (Viticultural Investiga· 
tions) 

l{cvcuuc l~und-Division of Food 
l'resen·a t ion and Transpor t 

l{e\'e1111c Fund-Egg Investigations 
(Division of Food P reservation 
and Transport) 

Revenue Fund-Mining nnd Metal
lurgy 

Revenue F uud-Ore-c1rcssing Inves· 
tigations 

Re,·enue Funcl-Fisheries Investiga 
tions 

Revenue Fund-Oyster l nvestign
tio11,; 

Hevenuc Fund-l'bysics 
Revenue F u ml-National Standards 

Laborntory 
Revenue Funtl-i\ic.trology 
HcYC:nue F und-Dai ry I11vcstigc1-

tions 
He1·e11uc 
Rcvcnth! 

li1111<l-Elcctroted1110.logy 
l!'nml - Iudustriai 

Chemistry 
Rc1·en11e F und-Radioµhysk?S 
Rcnnnc Fund-Tribophysies 
Rcvcu11c F und-l\icrbein Research 

St.ttion-Production of Pyre-
thr um 

Revenue Funrl-Wool Textile 
Research 

Hevenue Fund-Wool Wax Report 
Royalties (Information Service) 

Revenue Fund~La nd Resear ch and 
Regio1111! Survey 

£ £ 

40,801! 

51 

",807 

20i 

;J,;J57 

12,4 !U 

l 1,334. 

3,89fi 

I J,020 

8,179 

41}{j 

1,140 

G,:i42 

13,02G 

241i 

168 

14 

I ,23G 

605 

3!.l 
1,443 

;J5 
a,102 

24 
.;12 

2,500 
115 

I 

185 

I 10 

0 

25 

369,268 

7,886 

2,01:'i 

800 

fjij;J 

1,070 

200 

2.0:;:1 

4,tiS!l 

I ;J.; 

31JH 

177,68i 

B. Incl11d~s £39 0 11 account. otl049-50 expenditure. 
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3. WooL RESEA:RCH Tnus-r Aocou:wr. 
A credit balance of £794,349 was brought forward 

from 1949-G0 in the ·w oo-1 Research Trust Account. 
A further £347,506 was received during 1950-51 from 
the Department of Commerce and Agriculture. 
Expenditure during rn5Q-51 was as follows:-

Divisiu11 of Animal He,Llth aml 
l'roductio11-

Po.rkville-
Sheep l'hysiology lu vc.:itiga

tions-Parkville 
Sheep l'hysiolugy In vestiga

tions-Tooradin 
Toxaemic Jaundfo.:! Iuvcstiga

tiuus-Barooga 
Toxam.nic Jaundice lnvcstiga

tions- Cobram 
lllcMaster Laboratory

Parasitology l1m.:stigalio11s
New South Wales 

l'aru,;itology lnvestiga tio11:;
Tasrnani.a 

Parasite Physiology and Toxic-
ology 

Biochemical Investigations 
Physiology of Reproduction .. 
Dipping and Extcnml Parasites 
Drought Feeding Investigations 

Veterinary Parasitology Laborn
tory, Y-eerongpilly-

Aui1ual Physiology Iuvestiga
tious at University of 
Queensland 

Sheep Biology Laboratory, 
l'rospect-

Aclmiuistratin and General 
Bxp~nses 

l!'lecce Ana,Jysis 
\Vool }3iology ImestigatioDti 
Strniu Trial Invcstigatio11s 

Regional l'astonil L,'lborntory, 
.Airmidale-

.L>a rusitology, Agrostology, an<l 
Field Investigations 

l\Ici\1astcr Field Statio11-
Ge11etics and A11ima.l Produc

tion Investigations 
Sun·ey of ·wool Prod·uclion .. 

Natiom1l Field Station, Gilruth 
P lo.ins-

t:apit,11 Expenditure 
Animal Breeding and Strain 

Trial lnvc-stigntions 
Agrostology Investigation~ 

J)idsiou of Plaut lndust.ry
Agrostology In vestigatious 
l\Ii11eral Deficiency Studies 

J.h>search Services-
.Agricultural Research and Ext1m

sion Liaison 
l~cview of 'i¥ool l'rogramme for 

Publication 

Division of Industrial Chemistry
Expenditure on Wool Textile 

Research-
Chemical Physics luvestiga

tions 
Organic Chemistry Investi

gations 
Physical Chembtry Investi

gations 
Clover Infertili ty Tests, 

Western Australia 

Division of Biochemistry and Genoral 
Nutrition-

Biochemical lLnd Nutritional 
Investigations 

Wool Textile Research Laboratories
Wool Textile Research 

£ £ £ 

5,442 

2,080 

343 

J,051 

:J,535 

8i 

1,31;3 
2,237 

78i 
713 

1,037 

1,072 

1,083 
14,451.i 
9,9(;9 
5,802 

;J.J,82G 

,,ou 
J ,(141 

250 

:.1,01:i 
2(i7 

32,004 
2,20G 

2,00:i 

704 

G,047 

8,444 

1,:ns 

81 

18,040 

88,646 

!)3,300 

34,:JOO 

2,iOO 

15,800 

18,040 

88,!>4G 

\Yi l<l Life Section
Wild Life Survey 

i\li~ccl lancous-
O,·erseas l::itudtint;;hips 

lkauts fro111 Wool Research Tru.;t 
Accouut to Institutions undertak
i11g extra-mural co-operative wool 
rcsearch-

Univcn;ity uf Adelaide-Waite 
lnsLitute-Agrootology and 
Ouion Weed Investigations . . 

U11i versity of Western Australiii 
- Investigations at I nstitute of 
.Agriculture, Western Ausbralia 

Department of Agriculture, Wes
tern .Australia-Sheep lnier
t ili ty lllvestigations 

ltoscwurthy Agricultural College 
-Progeny Testing and Allied 
Studies 

Sydney Technical College-Wool 
Clip Aualysis 

l;niversity of Queensland-Sheep 
Physiology Investigations . . 

University of Sydney-
Animal Physiology and 

Sheep Infertility Iuvcsti
gations 

Dog Distemper 
Department of Agriculture and 

Stock, Queensland-
Progeuy Testing and Fer

tility Im-estiga.tions 
lreorgina River Visea6c 

(Poison Plants Com· 
mittee) 

(}union Institute of Technology, 
Gceloug-·wool Texti le Investi
gations 

Wool Industrie.s Rcse:irch Asso
rintion, Leeds, United Kingdom 
-\Vuol 'Textile lnvestiµ-ation s 

(:rnnt,-; frnn1 \~loo! Rescu,rch Tru~t 
Account lo Institut ions undertak
ing- research in Agrh·ultural Econo
mics r!'lating- to "·ool productio11-

Uni,·crsity of Western Austra lia 
Rnseworthy Agricu I t1Lral Col legc 
,1 11~tralian Wool Realiztition 

Connnis.silln 
Department of Commerco ,uid 

Agriculture-Di"ision (l [ Agri
cultural Eco11om ics .. 

:Market and Consumer Research 
L imited 

i\l.iscclla11co11s ttdministrntive cxpcn.s••~ 

£ 

:J,UZ7 

10,Zlil 

4,U:l!J 

3,720 

2,9;;;; 

3,200 

l,G50 

1,360 
1,000 

1,1.! 5 

:ioo 

2,300 

1,2,;4 

1,250 
1.2G8 

4,!)82 

2i,U l7 

9fil 

72 

£ 

;J,UZ7 

J0,2Cil 

25,918 

36,364 

72 

4. :MrsCELLANEOUS SERVICJIS. 

Contribution to Cummonwcalth Agricultur:tl Bureaux 
Grant to Standards Associntion of Australia 
Grant to Australian National Research Council 
Contribution to Chair of Aeronautics at Sydney 

Uni versity ( esta·blishment :rn<l maintenance) 
Gnmt to National Association of Testin::{ Authorities 
Review Conference of Commonwen.lth Agricultural 

Bureaux 
2.Icditerraneau Grasslands Confcreuce and Study 

Cou,rse 

£ 

2(i7,2.-,!l 

329,G3a 

£ 

20,358 
33,000 

4,48:J 

5,000 
5,000 

SSG 

710 

(19,437 
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