
1954. 
(TWEN'l'Y-FIRST PARLIAMENT.) 

THE PARLIAnIENrr OF THE COMMONWEALTH OF AUSTRALIA. 

SIXTH ANNUAL· REPORT 

OJ;' THE 

COMMONWEALTH SCIENTIFIC AND 
INDUSTRIAL RESEARCH ORGANIZATION 

FOR THE 

YEAR ENDING 30TH JUNE, 1954. 

Presented pursuant lo Statute; ordered to be priuted, 4th November, 1954. 

[Cod of Paper.-Preparatlon, not given; copies 850; approxlroAto cost of printing and publlshlng, £895.J 

Printed for the GovERNMEl>'I' of the CoM2\lONWEATJfH by A. J. llitTHUR ,it the 
Government Printing Office, Cnnbena. 

(Printed In Aust ralia.) 
No. 48 (Gaoup FJ.-F.5073/54.-PruCE 10s. 6n. 



CONTENTS. 

I. lNTllODUCTORY-

1. General 
2. Executive 
3. Ad.,jgory Council 
4. Secrctiwiat 
5. Retirement of Dr. L. B. Bull 
6. Honours and A wards 
7. First WilHam l\follrath Fellow 
8. New Division .. 
9. Btlildings and Accommodation 

IO. Overseas Visitors .. 
11. Transfer of Atomic Physics Research 
12. Gcelong Grammar School Bursaries 
13. Research Staff . . . . . . 
14. o,,erseas Visits, Fellowships, and Studentships 
15. Co-operative Research with Industry 
16. Collaboration with Universities 
17. Farm Mechanization Research 
18. Science and Industry Endowment Fund 
19. Finance 
20. Organization 

II. SorLs-
1. General 
2. Soil Sur vey and Pedology 
3. Soil Chemistry .. 
4. Soil Physics 
6. Soil Microbiology 

III. PLANTS-

!. General 
2. Plant, Introduction 
3. Genetics 
4. Genera.I Botany 
6. l\Iicrobiology 
6. Frnit Investigations 
7. Oil Crops 
8. Tobacco Investigations 
9. General Chemistry 

10. Plant N utrition 
11. ?llincral Nutrition of Plants 
12. Plant Toxicology 
13. Plant Physiology 
14. Pinnt Ecology . . 
15. Plant Biochemistry 
16. Phytochemicnl Survey 
17. Pasture Investigations, Canberra, Australian Capital Territory 
18. Pasture Investigations, Armidnle, New South Wales 
19. Pasture and Hydrology Investigations, Deniliquin, New South Wales 
20. Pasture Investigations in \Vestern Australia 
21. Pasture Investigations in South-eastern Queensland 
22. Biophysical Reseurch 

IV. ffill!OATION-

1. General 
2. Commonwealth Research Station (l\Iurray Irl'igntion Arens), l\Ierbcin, Victoria .. 
3. Irrigation Research Station (l\furrnmbidgee Irrigation Arens), Griffith, New Sout h Wales 

V. ANIMAL HEALTH AND PRODUCTION-

1. General 
2. Animal Health Research Laboratory, Melbourne 
3. l\Icl\:Iaster Animal Health Laboratory, Sydnoy . . . . 
4. Veterinary Parasitology Laboratory, Yecrongpilly, Queensland 
5. F. D. 111cMustcr Field Station, Bndgery's CreC;k, New South Wules 
G. Sheep Biology Laboratory, Prospect, New South Wnles . . 
7. Regional Pastoral Laboratory, Ariuidale, New South Wnles .. 
8. National Field Station, " Gilrut h Pin.ins " , Cunnamulla, Queensland 
9. National Citttle Breeding Station, "Belmont", Rocklmmpton 

10. PouHry Research Centre, Werribee, Viotoriii 
11. l\Iiscollnncous Investigations 
12. Animiil Genetics .. 

VI. NoTRI'l'ION-

1. General 
2. Nutrition and Wool Production 
3. Studies of the 1\Ietabolie Processes of Sheep 
4. Energy Metabolism of Sheep 
5. Chronic Fluorosi3 in Sheep 
6. Cn.rotene nnd Vitamin Aiu Sheep Nutrition 
7. Snit Tolerance of Sheep . . . . . . 
8. Storeoobemistry of Carbohydrates .. 
9. Minor Elemer,t Deficiencies in Animals and Plants 

10. Vitamin n1s 
11. Plant Nutrition 
12. Field St,ations .. 
13. Phn.laris Staggers 
14. Urea. Nitrogen us a Source of Protein for Sheep 

PAGE. 

7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 

10 
10 

11 
11 
13 
16 
18 

19 
19 
20 
21 
22 
23 
24 
24 
25 
25 
26 
26 
27 
27 
28 
28 
28 
29 
30 
31 
32 
34 

34 
34 
36 

37 
38 
38 
38 
39 
39 
39 
39 
40 
40 
41 
42 

42 
42 
43 
43 
43 
44 
44 
44 
45 
45 
46 
46 
46 
46 



CoNTENn--conti1iued. 

VII. SHEEP--

I. General . . . . 
2. Nutrition and Wool Production 
3. Processos of Rumination 
4. Energy Metabolism of.Sheep 
5. Carbohydrate llfotabolism 
6. lliiuor Elements in Animal Nutrition 
7. Phalaris Staggers . . . . . . 
8. Urea Nitrogen as a Source of Protein for Sheep 
9. Metabolism in Pregnant Ewes 

10. Drought Feeding and Related Problems 
11. Toxicity of Large Rations of Wheat 
12. Infertility and Physiology of Reproduotion 
13. Breeding 1md Genetical Studies .. 
14. Sheep Breeding 
15. Genetics of Sheep 
16. Biological Studies of Skin and of Wool Growth 
17. Sheep Diseases . . . . . . , , 
18. Internal Parasites 
19. External Paras ites 
20. Protection nga.inst Blowlly Strike 
21. Other Investigations .. 

VIII. CATTLE-
!. General 
2. Cattle Diseases 
3. Interual Parasites 
4. Entomological Study of the Cattle Tiok 
5. Production in Dairy Cattle Herds .. 
6. Investigation of Beef Production in Australia 
7. Genetics of Cattlo . . . . . . 

IX. ENTOMOLOOY-

1. General 
2. Insect Physiology and Toxicology 
3. Insects and Viruses . . . . 
4. Population Dynamics 
5. Locusts and Grasshoppers 
6. Pasture Cockchafers 
7. Pasture CaterpiUars 
8. Red-legged Earth Mite and Lucerne lt'lea 
9. Sheep Blowfly .. 

10. Cattle Tick .. 
11. Insect Pests of Store::! Products .. 
12. Biologicn.( Control 
13. Termites and Other Wood-destroying Insects 
14. Argentino Ants 
15. Insecticide Investigations 
IG. Taxonomy 

X. \VILD LIFE
]. General 
2. Rabbit Investigations 
3. Kangaroo Investigations 
-!. Mutton Bird Investigations 
ii. Ducks and Rice Cultivation 
G. Ibis Investigations 
7. Bird Banding .. 
8. l\Iiscellanco11s Investigations 

XI. UNDERDEVELOPED REGIONS-

1. General 
2 . Regional Surveys 
3. Agricultural Research in North Australia 
4. Climatology 
5. Arid Zone Research 

XII. FISIIERIES-

1. General 
2. Opcra.tions of Research Vessels 
3. Wlialing 
4. Sea Fisheries 
5 . Estuiirino Fish .. 
G. Freshwater Fisheries 
7. Crustacea and Shellfish Invcstigu,tions 
8. Ichthyology 
9. Hydrology 

I O. P!n.nkton Investigations .. 
II. Other Investigations .. 

X!Il. FooD-
1. General 
2. Physics .. 
3. Food Chemistry 
4. Microbiology of Foods 
5. Moat .. 
6, Fish . . 
7. Egg Investigations . . . . . . 
8. Fresh Fruit and Vegetable Storage a.nd Transport 
9. Canning and Fruit Products 

IO. Dehydrated Foods 
11. Frozen Fruits and Vegetablos 
12. Wine .. 
13. Dairy Products .. 
14. Dried Vine Fruit 
W. Washing o.f Dried Vine F'ruits 

PA01':. 

46 
46 
46 
47 
47 
47 
48 
49 
49 
49 
50 
50 
51 
52 
52 
52 
54 
55 
57 
68 
58 

58 
59 
60 
61 
62 
63 
63 

63 
64 
65 
66 
66 
66 
67 
67 
67 
67 

. 67 
68 
68 
69 
69 
69 

70 
70 
71 
71 
72 
72 
72 
72 

72 
73 
73 
75 
75 

75 
76 
76 
76 
77 
78 
78 
79 
79 
80 
80 

80 
81 
81 
82 
82 
83 
83 
83 
84 
85 
85 
86 
86 
87 
87 



XIV. l•'ORES'l' PnoouO'.rs-

1. Gcnern) 
2. Wood nncl. Fibre Structure 
3. Woocl Chemistry 
4. Timber Physics 
5. Timber Mechanics 
0. Timber Preservation 
7. Timber Sea.soning 
8. Veneer and Gluing 
9. T imber Utilizntion 

:XV. llmtoroo-

1. General .. 
2 . Lightweight Aggregntes . . 
3. Concrete Investigations .. 
4. Gypsum P lnster and Plast.er Products 
5. Lime and Lime Products 
6. Clays an<l Clay Products 
7. Cnulking Compounds .. 
8. Bituminous Roofing llfoterfals 
9. Concrete Floors 

10. Thermal Investigations 
11. Architectmal Acoustics 
12. Ot her Investigations 

XVI. WOOL 'l'EX'l'lLES-

1. Genera.I 
2. Rnw Wool 
3. Recovery of Wool Wn,x 
4. Derivatives from Wool Wnx 
5. Textile Processes 
6. 11:fodificiition of Wool 
7. Physics of Wool nnd F ibre Assemblies 
8. Histology of Wool l?ibres and Wool Follicles 
9. Wool Protein Chemistry 

10. Protein Structure 
l l. Degradntion of Text.iles . . 
12. General Protein lnvestigntions 

XVII. PUNT FmRES-

1. General 
2. Agricultural Investign,tions 
3. Processing . . . . 
4 . Microbiological lnvcstigntions 
5 . Chcm:c'.1,] Investigations .. 
6. Physical In vestigntions 

XVIII. l NDUS1'BLI.L CHEi\USTRY-

1. General 
2. 111inemls Utilization 
3. Cement and Cern,nucs 
4. Fom1dry Sands 
5. Physionl Chemistry 
6. Chemical Physics 
7. Orga nic Chemistry 
8. Chemical Engineering 
9. Radioacti\To '!'racer Materin Is 

XIX. MINEltAGitAI'IIY ANJ> Om:-DRESSINO

l. Gcncrnl 
2. 11.linerngrapbic Investigations .. 
3. Ore-dressing Investigations (Melbourne) 
•l. Ore-dre.ssing Investigations (Kalgoorlie) 

xx. FUEL-

L General 
2. Examination of Coal Seams 
3. Coal Constitut ion 
4. Con! Utilization 
5. Methods of Analysis 
6. Pollens in Brown Coal 
7. Utilfaation of Low-rank Coal 
8. Utilization of Solar Energy 

XXI. PnYSICAt ME1'ALLunoY

l. General 
2. Titanium and its Al loys . . 
3. Deformntion of i\fot.als 

XXII. TmnoPHYS1cs

l. General 
2. Properties of Surfaces 
3. Metnl Physics .. 
4. Reaction Kinetics 

XXIII. NATIONAL STANDARDS LABO!lATORY 

PAGE. 

87 
88 
89 
90 
91 
92 
92 
93 
94 

94 
95 
95 
95 
96 
96 
96 
97 
97 
07 
97 

. 
97 

98 
98 
99 
99 
99 
99 
99 

100 
100 
100 
IOI 
101 

101 
101 
102 
102 
102 
102 

102 
102 
104 
105 
106 
107 
109 
ll0 
111 

111 
lll 
112 
ll3 

113 
U4 
114 
115 
115 
116 
116 
ll7 

ll7 
117 
117 

117 
118 
118 
120 

I ,!, ' 

120 
,! 

• I 



XXIV. METROLOOY-

1. General . . . . 
2. Length and Associated Quantities 
3. Mass n-nd Associated Quantities 
4. Applied Mechimics 

XXV. PrrYSICS-

1. General 
2. Heat .. 
3. Light .. 

XXVI. ELECTROTEClrNOLOOY-

1. General 
2. Direct Current .. 
3. Power Frequency 
4. Audio and Radio Frequency 
5. M:ngnetio i\Icnsuremonts .. 
6. Dielectric Investigations 
7. Special Instruments 
8. Vacuum Electronics 
9 . Electrical Research Board 

XXVII. RADIOPIJYSICS-

1. General 
2. Radio Aid~ to Navigation 
3. Phvsics of Semi-conduct-Ors 
4. Mathematical Computation 
5. Cloud and Rain Physics . . 
6. Radio Astronomy 
7. The Ionosphere 

XXVIII. ATMOSPHERIC Pm.•s1cs
l. General 
2. General Circulation 
3. Dynamic Meteorology 
4. Micrometeorology 
5. Froqt Prevention 
6 . Radio Meteorology 
7 . Other Investigations 
8. Precipitation . . . . 
9. Cloud and Rain Physics .. 

XXIX. EXTRATERRESTRIAL PIIYSICS-

1. General 
2. Solm· Physics .. 
3. Radio A~tronomy 
4. Cosmic Ray Research 

XXX. MATHEMATICS

}. General 
2. Analysis 
3. High Speed Computation 
4. Electronic Computation .. 
5. Differential Analyser 

XXXI. PUBLICATIONS AND INFORMATfON-

1. General 
2. Pu blientions 

CoNTENTS-COntinued. 

3. Liaison between Agricultural Research and Extension Work .. 
4. Film Unit 
5. Libraries 
6. Translation 
7. Information and Documentation 
8. Overseas Liaison Officers 

XXXII. P ERSONNEL o~· CouNcIL AND CoM1111TTEES 

XXXIII. STAFF 

XXXIV. PunLISHED PAPERS 

XXXV. FINANCE 

XXXVI. ACKNO\VLEDOMENTS 

PMl:l. 

120 
121 
122 
122 

124 
124 
124 

126 
126 
126 
126 
127 
127 
128 
128 
128 

128 
129 
129 
129 
129 
129 
129 

130 
130 
131 
131 
132 
132 
132 
132 
132 

134 
134 
134 
135 

135 
136 
136 
136 
137 

137 
137 
137 
138 
138 
139 
139 
139 

139 

146 

159 

173 

179 



COMMONWEALTH OF AUSTRALIA. 

Commonwealth Scientific and Industrial Research Organization. 
SIXTH ANNUAL REPORT FOR THE YEAR ENDING 30TH JUNE, 1954. 

I. INTRODUCTORY. 
1. GENER.AL. 

The Commonwealth Scientific and Industrial 
Research Oro-anization was established on 19th May, 
1D49 when the Science and Industry Research Act 
~949' was proclaimed. Under tha_t 4-ct th~ O~ganiza
tion took the place of the Council for Seient1fic and 
.lndus&rial Research, which in turn had, in 1926, taken 
the place of the Institute of Science and Industry. 

Tl,c powers and functions of the 01:ganizat~on are 
simila 1· to those of the former Council and include 
1.he initiation and carrying out_ of resear~h in con
nexion with, or for the promotion of, prnnary and 
secondary industries in the Comm_onwealth . or a_ny 
Territory of the Commonwealth, ?r 1? connexion ~v1_th 
any rnaHer referred to the Orgamzat1on by the ¥1111s~ 
ter; th(' trainino· of research workers; the makmg of 
o-ran(s in aid of pure scientific research; the testing 
~nd s1'1111dardization of scientific apparatus and instru
ment", and Lhe carrying out of scientific investigations 
ronnectcd with standardization; the collection and 
dissemination of information relating to scientific 
and technical matters; ,and acting as a means of liaison 
with other countries in matters of scientific research. 

2. E::-.'ECUTTVE. 
Dr. S. JI. Bastow, D.S.O., B.Sc., Ph.D., has been 

re-appointed as a member of the Executive for a 
further period of five years. 

3. A.unsony CouNCIL. 
1\fr. D. IL Hawkes, of "Moorara ", N aracoorte, 

South Jiustralia, has been co-opted to the Advisory 
Council to fill the vacancy caused b.v the ref:iremcnt of 
:Mr. W. S. Kelly. 

4. SECRETARIAT. 
Following upon the secondment of Mr. W. Ives 

to London for a period of two years to take charge of 
the Australian Scientific Liaison Office, the following 
arrangements have been made in the duties of the 
Scrrrtariat :-

:.\fr. 0. B. Gresford, Secretary (Industrial and 
Physical Sciences) is also Acting Secretary 
(Agricultural :rnd Biological Sciences). 

Mr. P . F . Butler has been designated Assistant 
Secretary (Agricultural and Biological 
Sciences). 

5. RE-rrrtEMENT 01,• DH. L. B. B uu. 
DI'. L. B. Bull, C.B.E., D.V .Sc., the Organization's 

most senior Chief of Division, retired at the end of 
Jun<', 1954, as Chief of the Division of Animal Health 
and rrorluctiou. 

Dr. Bull will not be scveriug his connexion with the 
Oro-anization, haviug accepted a. Senior R-esearch 
l<'ellowship to continue his researches at the Division 
of A.nim-al Health and Production in the field of 
auininl pathology. 

Dr. Bull has been succeeded as Chief of the Division 
of Animal Health and P roduction by Mr. D. A. Gill, 

M.R.C.V.S., D.V.S.M., formerly Assistant Chief of 
the Division and Officer in charge of the McMastcr 
Animal Health Laboratory, Sydney. 

Mr. Gill has been succeeded as Officer in charge of the 
McMaster Labomtory by Dr. D. F. Stewart, D.V.Sc., 
Dip.Bact. 

Dr. T. S. Gregory, D.V.Sc., Dip.Bact., has become 
Officer in charge of the Division's Animal Health 
Laboratory at Parkville (Melbourne). 

6. HoNouns AND Aw.ARDS. 
Sir Ian Clunies Ross, the Chairman of the Organiza

tion., was twice honoured by the Queen during the 
year under review. In the New Year Honours be 
was made a Companion of the Order of St. :Michael 
and St. George in recognition of his distinguished 
public service in scientific research for the promotion 
and improvement of the primary and secondary indus
tries. In the Queen's Birthday Honours he was made 
a Knight Bachelor for his outstanding contribution 
to science in Australia. 

Dr. F . W . G. White, the Chief Executive Officer, 
was made a Commander of the Order of the British 
Empire for his services as Chief Executive Officer of 
the Organization_, particularly for his contributions 
to the development of radiophysics in Australia. 

111:r. H . J. Goodes, a member of the Executive, and 
Assi.~tant Secretary to the Commonwealth Department 
of the Treasury, was made an Officer of the Order of 
the Flritish Empire in recognition of his distinguished 
work in the Commonwealth Public Service. 

Dr. F. L . Stillwell, formerly Officer in charge of the 
Mincragraphic Investigations Unit, was made an 
Officer of the Order of the British Empire for his out
s1;anding contributions to research for the Australian 
miniug industry. 

Dr. R. B. Kelley, formerly Assistant Chief of the 
DiYi..ion of A11imal Health and Production, was made 
an Officer of the Order of the British Empire for 
his outsta11ding service in beef and dairy cattle improve
ment in the north of Australia. 

Dr. ,T. L. Pawsey,, Assistant Chief of the Division of 
Radiophysics, has been clecte~ . a Fello~v o~ t~ie ~oyal 
Soeiety of London, in recog111t1011 o~ his d1stmgu1shed 
contributions to the science of radio and radar, and 
in particular for his application of these te~hniques to 
radio astronomy and to the study of the 1011osphere. 
He was also awarded the Thomas Rankin Lyle Medal 
by the Australian ~ational R~sca_rch Council tor out
sta nding research rn Austraha m mathematics and 
physics during the past five years. 

The following officers of the Organization -have 
been elected as Fellows of the newly formed Australian 
.\cadcmy of Science :-Sir Ian Clunies_ Ross, Dr. W. 
Boas., Dr. L. B. B ull, Dr. E. A. Conush, Dr. O. H. 
.Frankel, Mr. H. R. Marston, Dr. D . F . Martyn, 
Dr. A. J. Nicholson, Dr. J . L. Pawsey, Dr. C. H. B. 
Priestley, Dr. A. L. G. Rees, Dr. R. N . Robertson, 
.Dr. A. W. Tun1er, Dr. I. W . Wark, Dr. D. F. 
Waterhouse. 



Sir Ian Olunies Ross was awarded the Kendall Medal 
on the occasion of his delivering the Kendall Oration 
at the Conference of the Australian and N e,v Zealand 
.Association for the Advancement of Science, in 
Canberra. 

Sir Ian Chmies Ross and Dr. L. B. Bu1l were 
awarded Honorary Associateships of the Royal College 
of Veterinary Surgeons, London, in recognition of 
their contit-butions in the field of veterinary science. 

Sir David Rivett, Chairman of the former Council 
for Scientific and Industrial Research, was awarded 
tho J amcs Cook :Medal by the Royal Society of N e1r 
Aouth Wales for his outstanding contributions lo 
science and human welfare in and for the southern 
hemisphere. 

The Hoyal Society of New South Wales awarded the 
Clarke :Medal fo r 1053 to Dr. L\. J . Nicholson, Chief 
of the D ivision of Entomology, in recognition of ]1is 
ront.r ibution to the knowledge of Australian insects. 

:Mr. G. Loftos Hills, Officer in charge of tho Dairy 
Hesearc-h Section, was given the 1954 Gold Medal 
Award by the Australian Society of Dairy Technolog-y, 
in i-eeognition of his outstanding work for the dairy 
industry in Australia. 

Dr. D . F . Waterhouse, Assistant Chief of t he Division 
of Entomology_, was awarded the Melbourne Uni
versity's David Syme Research Prize for 1953 in asso
ciation with Dr. F . P . Dwyer of the Chemistry Depart
ment, Universit.y of Sydney, for studies of t.he digestive 
process of insects. 

Dr. J . Morrison, Senior Research Officer, Divisio11 
of Industrial Chemistry, was awarded tho 1953 Rennie 
MC'rnorial :Medal by the Royal Australian Chemical 
Institute, for the year's best contribntion to the develop
nwnt of <'h t>mical science in Australia. 

7. FmsT WIU.IAM Mcir.nATII FEr.1,ow. 

Following upon the gift made to the Organization 
last year by Mr. William Mcilrath for the establish
ment of a Senior Research Fellowship, Dr. M . C. 
Franklin, of the McMaster Animal H eal th Laboratory 
in Sydney, has been appointed as the first William 
Mcilrath Fellow. 

Ln co-operation with the D ean of the Fnculty of 
V ctcrinary Science of the Uufrersity of Sydney and 
the Chief of the Division of 1b 1 imal Health 1111d Pro
duct.ion, ho is initiating a programme of re.search on 
a nimal husbandry with special referenC'e to tl1e beef 
rattle industry. 

8. Nmv D rvJSION. 
'l'hc Srcti011 of :O.Jatbematical Statistics, wit.h head

<[llfi l'ters in n.clelaide, has been designated a DiYision, 
nnd Dr. E. A. Cornish Chief of the Division. 

D. Bun.DJNGs AND AccoJ1rMoD.\'l'ION. 

Duri 11g the year tltc Orga.nization took possessio11 of 
rhe following building.,, some of which have been under 
construction for ma11y years :- Tl10 new la l,oratory 
block for the Division of Tribophysics in the grounds 
of the University of Melbourne; the Biochomstry 
Laboratory for the Division of Industrial Chemistry 
in :Melbourne; tho new building for tho Geelong unit 
of t.he Wool Textile R esearch L aboratories at Belmont. 
Victoria; a now prefabricated Hawksley buildi11g as 
1-ltc first stage of accommodation for the Section of 
MetcorologicAl Physics at Aspcndale, Victor ia; and a 
!,1nall prefabricate<! aluminium lriboratory 011 the 
Kathe1·ine Research Station. 

Work is still in ·progress on the buildings of the 
Sheep Biology Laboratory at Prospect, New Sou Lh 
W11le.o; the 0eutra1 Block 1rnd tlie Microbiological 
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Laboratory Canberra; the Per th Regional Laboratory; 
and the bairy Research Laboratory at Highett. 
Victoria. 

Work ha.s also commenced on a laboratory and work
shop building for_ the Bioche~istry_ Un~t of th~ Wool 
Textile Laboratones at Parkville, Victoria. 

10. OVERSEAS VISITORS. 

A number of leading scientists from overseas visited 
Australia in t.he year under review, many of them under 
the auspices of the Organization. In their visits to 
laboratories and establishments, they gave much 
stimulus and help to Australian research workers. 

}Ir. W endc11 Mordy, the Head of the MeteorologJ 
Department of the Sugar and Pineapple Resea~ch 
Institute in H onolulu, spent two months collaborating 
1Yith officel's of the Division of Radiophysics in work 
on cloud and rain physics. 

P rofessor F . M . IluU, Professor of Biology at tl1c 
University of Mississippi, United States of Americ:1, 
spent some montl1s a t the Division of Entomolo~f. u_n<ler 
a research gran t from tbe United States National 
Science Foundation and was engaged on a monograph 
on Diptcra. 

Professor R. E. Glover, B .Sc. (Lond. ), M.A. 
(Cnntab.), F .R.C.V.S., P rofessor of Veterinar_y 
Pathology at tho University of Liverpool and President 
of tho Royal College of • V etcrinary Surgeons in the 
United Kingdom, made a short tour of Australia and 
gn ve a series of both public and specialist lectures. 

Dr. E. Y. Hosaka, B.S., M.S., a specialist in pastun· 
rnana,goment from the University of Hawaii, Honolulu, 
collaborated with officers of the Division of Plant Indus
t1·y, devoting special attention to problems of pasturr 
dovclopmen.t in tropical and sub-tropical areas. His 
visit was matlc possible by a grant from the Rural 
Credits Development Fm1d of the Commonwealth Bank 
of Australia. 

Dr. Raimon Beard, a leading insect pathologist of 
the Connecticut Agricultural Experiment Station, 
United States of America, worked with the Divi sion of 
Entomology under a Fulbright Award, investigating 
bacterial diseases of larvae of cockchafer beetles. 

P rofessor H . J . Emeleus, M.A., D .Sc., F.R.S., Pro
fessor of Inorganic Chemistry of the University of 
C:imbridge, spent th1·ee months trave1ling in all States 
nnd lectw-ing on nspects of recent progress in inorganic 
t·l1cmica l research. 

Professor 0 . Struve, Professor of Astrophysics at the 
University of California and President of the Inter-
1111tional Astronomical Union, spent a month collaborat
i11g wit.h officers of tho Division of Radiophysics on 
innistigations i11 the field of astrophysics. 

11. TRANSFER OF ATOi\UC PHYSICS REsEARf'H. 
Thr Austi-alian Atomic Energy Commission has no\\' 

ra kcn over the work of the Atomic P hysics Investiga
tion1; Fnit under tho direction of Professor L. II. 
~Inrtin at t he Univenii ty of Melbourne, and a1so that 
of tho Organizat.io11's officers working at the Atomi<' 
Energy R esea rch Estnblishment, Harwell, Engl11.11cl. 

12. G EEJ.ONG GnAllfMAR SCHOOL BURS.A.Rm~. 

[n !'ec~gnition of the_ contribution made by th,• 
01'gan1zat10n to the g razmg and other industries, the 
Council of the Geelong Oburch of England Gram.ma 1· 
School, Corio, Victoria, has made available two bur
sa ries _for sons of o~cers of the Organization . The 
~m·sar~es are to be available for ten years following and 
mcludmg_ 1954, after which time their availability ma_y 
he reco11s1dered by the School Co1mcil. 



' The bursaries have now been awarded to Hugh 
'o!cL. Gordon, tl1e son o[ Mr. IL McL. Gordon, Prin
cipal Research Officer, D ivision of Animal Health and 
Production, and to William Quinlan-Watson, the son of 
Mr. 'r. A. Quinla11-Watson, Senior Researc~ _Officer, 
Division of B iochemistry and General Nutnt10n. 

The Executive is gratified at this signal recognitio~, 
in such n practical form, of the work of the Orgam
imtion. 

13. RESEAllCJI STAFF. 

Jn t he la~t lteport attention was drnwn to the 
present--<lay difficulties in attracting first-clas~ men to 
research car eers i11 science, and it was pomted out 
that for the well-beinn· of the Organization i t was neces
oary to obtain a s1~bstantial proportion of the best 
00raduates from .Australian uniYersities as well as a 
0 • 

number of highly t rained men from overseas. The posi-
tion durino· the last year has become markedly worse, 
nnd is in f~ct quite :ilarming. At the beginning of the 
)'car vacancies existed for 112 Research Officers, for 

0

whic·h the minimum requirement is a good honou:·s 
degr eE>. The year ended with a net gain o_f ouly t ~nee. 
Hecruitmcnt of Technical Officers, for wh1c]1 quabfica-
1'.ions are not quite so stringent, has been satisfactory. 
Tt is quite apparent tlrnt there is a widespread shortage 
of really good honours meu. 
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Tl1rre fo, of rourse, increasing competition for snch 
graduates from other government departments, front 
industry, and from universities, b~t these b?dies also 
nre findino· it difficult to attract Jnghly qunhficd men. 
Oonccrtet efforts have been made to recruit research 
officers from overseas mainly the United Kingdom, but 
despite what were i1~ effect persoual recruiting driYes 
by senior officers in the United Kingdom, t he Oo_n
tinrnt, and Amctica, the result, has been most d:s· 
.ippointing-. Tho prospects offerE>d to a young man 111 

scientific research in Australia arc apparently not 
attractive enough to draw him from England, still less 
from America. Recruitment of agricultural scientists 
r,·om Holland has met with only limited success. 

The Executive has been able to effect some improve
ment within the range of promotion of its own officers, 
but it is of course limited by the framework imposed by 
t.lie .Act. Thr E::ecntive believes, howc-rf'r, that the 
prnbkm is a national on('. and . tb_at if ~\us_tralia is t~ 
liaw an adequate supply of specrnhsts and highly quah
{fod professional sci~mtific men, both in public and 
private employment, it is a matter of great urgency 
that the prospect,s open in such careers should be very 
~1·ra.tly improved. 

14. OvimsE.,s Vrnns, FELT.OWSHirs, .\ND SruDENTsnrr~. 

As in previous years, a number of o~ccrs of ~he 
Oro-anizat ion were sent O\'crseas for penods rangmg 
fro~ two h) twCTlve months to acquire experience and 
trainino- in new techniques, ancl to collect general 
inform~tion on developments in scientific r e.search. 
Two officers were sent overseas priJHarily to attend 
important intcruationa~ c~nferenc~s,_ and in a~dit_ion 
tll'O senior officers were mv1tecl to v1s1t overseas rnst1tu
tions for consultations concerning special aspects of 
their work 

T he pol icy of awarding oversens studentships for 
rcse11rch in ,pccilir. fields was continued, and seven 
st11dentships wcrp awarded. Sernn traineeships wen 
a.l~o awardctl, conditions being ver_y similar to tbo~r 
pertaining LO studen_tships. One studenJship was 
awarded frnm the Science and Industry Endowment 
Fund. At the close of the year, 30 overseas students
~hips and t raineeships were cur rent. 

Twelve studentships were awarded early in 1954 for 
post-oTadnate work in Australian universities, raising 
the t.~t.111 of thos~ rcreiving training 1mdc1· this srhernti 

to 22. During the year, three students who received 
.lustrillitUl s1,uclcntships in 1952 successfully completed 
their studies. 

A chemist who was awarded a Textile Research 
Fellowship for training overseas in chemical problem~ 
related to the wool industry returned to Australia. A 
second Textile Research Fellowship has recently been 
awarded to an engineer for training overseas. 

L5. 00-0PERA'flVE R .E$EARCH WI'l"H INDUSTRY. 

Support for the Australian Leather Research Asso
<'iation and the Bread Research Institute of Au::;tralia 
has been continued under arrangements similar to 
those existing in Great Britain between the research 
associations and the Department of Scientific and In
dustrial Research. Both these associations artl now 
ll"ell established and making valuable contributions to 
their r espective industries. Conversations are being 
held with sevcrnl other indnstrial groups about the pos
sibility of setting up additional research associations. 

Se,·erql of the Organir.ation's labo1·atories are under
taking specific research projects on behalf of industry. 

JG. OoLT.AnonArIOi\" WITH UNIVERSITIES. 

Tl1e Organizatio,n's work i11 the universities is men
tioned in various pfoces in the main body of the Report. 
I luring the year nnder review there bas been some 
extension of collaborntive research arrangements with 
universities. The Organization recognizes the great 
impol'blncc of such arrangements in stimulating its 
work and grn tefully acknowledges its debt to the 
nniversities. 

17. FArrn :J\.IEou.\NIZATION RESEARCH. 

The .ldvisory Oow1ci1 at its meeting in November, 
1952, stressed the mat.crial importance of mechanizing 
farm procbction in Australia to the greatest possibie 
degree, and suggested that the Executive should look 
closely at this matter to determine whether there was 
scope for a research programme which might be under
taken by the Organization. 

With this encl in view, the Executive has selected 
fodder conservation as a typical phase of primary 
production, and its arrai1ging for a survey of the actual 
operation::: of co11sening gr11 ss l1a_y on farms in order 
to d('fi.11e the p roblem and clarify the nature of any 
1·cscarch required. On this basis it shou]<l be possible 
tc> determine what part might be played by the 
Organization in this field. · 

Arrangements were made for this work to be under
taken by the University of Melbourne, with finance 
provided by the Rural Credits Development F und of 
t.bc Commonwealth Bank of .Australia. Observations 
wct·c made in the dairying districts of Victoria during 
the summer 1053-54 and the research team, comprising 
an c11gincering and an agricultural science graduate, 
11ill coD1plete this survey stage of the project during 
tl1c 1!),54--55 season. Besides examination of the pro
<'<'Sses in the field, more det11iled engineering research 
on the mo1Yer and rake will be co11ducted on selected 
properties in collaboration with the Organization':i 
ria n t F ibre Section. 

The Organization lrns also a n a nged for a grant from 
tlic snmo sonrc·e to he made to tho New South Wales 
Uniwr~i ty of TccJmolog_y for work to be undertaken 
by the School of Mechan ical Engineering on the shape 
:inrl dewlnpuwnt of 1111.rd-working ~urfaees on scarifier 
f:)Jllrr~. 

18. ScJEX CE AK"D L,ousT-rw ENDOWMENT Fmm. 

During the year, the Executi've, as Trustees of the 
Science and Industry Endowment Fund, approved 
grants to assist r esearch workers as follows :-Dr. E. J. 
Tfoyo, for work on sandflics; M1·. T arlton Rayment, 



for taxonomic work ou oees; All'. L. Symons, for 
parasitological research; J?r. 1. Ooo_kson, as ii: contri
bution toward expenses rnvolved m attendmg the 
Ei"'hth International Botanical Congress in Paris, 

0 
and in subsequen t study overseas; Dr. B. Dreyer, for 
polaro"'raphic studies; Dr. J. Pearson, for work on 
the c~11par11.tive anatomy and embryology of mar
supials; Mr. A . W. Parrott, for taxonomic work 011 

parasitic wasps ; D r. 0 . J . Magee, as a contribution 
towards atten<la11ce at the Fifth 1\1ycological Confer
ence at London; Mr. B. C. Cotton, Oonehologist at the 
South Austrnlian Yt:useum, fo1· study expenses while 
overseas; Mr. CJ. Laseron, for pa llleontological work in 
New South '\Vales; Mr. H. W omerslcy, for acarological 
studies; a nd Dr . .M. Clynes, for investigating methods 
of surface £ni!:hing. 

In addition, a studcHtship for overseas training m 
biophysics was awarded to Mr. F . F . Denby. 

19. FIN,\NCE. 

Chapter XXXV. gives details of the expenditure 
incurred during 1D53-54 by the Organization from 
all funds at its disposal, totalling £4,861,873. The 
major portion of this sum was derived from the 
Oommouwea lth Treasury- £3,615,121 expended in con
nexion with normal rcsear<;h activities, £9S,271 on 
gl'ants to bodies such as the Commonwealth Agri
cultural Bureaux, and £1,963 on capital works under 
the control of the O rganization. The remainder was 
expended on investigations finallced from con tributions, 
viz.: £56!l,038 from the Wool Research Trust Account, 
£372,399 from the Wool Industry Fund, and £205,081 
from grants including special revenue. Certain other 
expenditure was .incurred by the Cornmonweal t11 
Department of Works, on building projects for the 
Organization from funds contl'olle<l by that Depal't
ment. Likewise the Department. o [ the Interior met 
the costs of rentals and acquisition of sites and build
ings for the Organization from funds made avnilnble 
to that Department by the Treasury. 

The Organization is particularly grati:6.ed by the 
way in which var ious bodies continue to support it, 
and by the marked interest evinced by certain sections 
of industry which 11ave provided donations for co· 
operatiYC research. Among the many contributions 
received, rcfe1·ence may be made to those of the Com
monwealth Bank of Australia ( through the Rural 
Credits Development Fund), Australian Wool Board, 
Australian Meat Board, Australian Dairy Produce 
Board, Australian Wine 130:.ird, Australian Egg Board, 
t.lie (~uecnsland 1foat Industry Board, the New Sonth 
Wales Depa rtment of Agriculture and New South 
·wales W atcr Conservation and Irrigation Commi.ssion, 
the Metropolitan 1tfrat Industry Commissioners of 
New Soutlr '\Vales, the George Aitken Pastoral Rcaearch 
Trust, Burdekin Bequest, and Alexander Fraser 
:Memorial Fund, the Dried Fruits Control Board, the
Australian Dried Fruits Association, and the \lried 
fruits industry, the National Gas Association, Aus
tr alasian Institute of Mining and Metallurgy, Aus
tralian Cement Manufacturers' Association, the wool 
textile industry, the t imber i ndustry, and t.be pulp 
and paper industry. 

20. OnOAi'llZATION. 

For the purpose of carrying out its research work, 
the Organ ization has established a number of D i.visions 
and Sections. The Dfrisions, of which there :ll'e now 
sixteen, comprise the major establishment.s, which may 
be further subdivided into Sections; there are also 
eighteen _independent Sections comprising establish
ments which have not r eached a stage of development, 
so far as the scope and magnitude of their operations 
are concerned, to justify their designation as Division~. 
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In the prcscn t R eport an a ttempt bas been made to 
group the material according to its subject matter 
rather than accol'ding to t,he Division or Section con
cerned. Additional chapters and appropriate cross 
referenceo have been inserted, howe,·er, to permit the 
work of any particular Division to be reviewed as a 
whole. 

As tlrn Organi:,mtion's imTestiga tions <>xtrnd on a 
Commonwealth-wide basis and as many of the investi
gations which are being conducted-pa rtic:nlarl,y those 
conrcmed 11·itb problems affecting the agricultural anrl 
pastoral indmtrics- nccessitatc experimental work in 
the field, a number of branch laboratories and field 
stations harr hcr-n eBtabl iohf•cl in rnri011s par ts of 
Anstra lia. 

The Head Office of the Organizatio11 is iu 1Ielbournc• 
and associated with it are the Orgnnizatio11's 0entral 
Librar.v, Agricultural Research Liaison Section, a 11d 
Central Experimental Workshops. The Or~anization 
also maintains Australian Scientific Liaison Offices in 
London and W ushington. 

Tlrn Divisions whicl1 ham been esta1Jlishcrl (in order 
of t.beir formation) are as fo1lows :-

Plant Ind11.slry, with bead-qnnrtcrs and main 
laboratories at Canberra, regional la l.10ratorie~ 
a t Brisbane, P erth, Hobart, and Drnili.qnin, 
New South W a les, aud field statio11s a nd experi
ment farms at Canberra, i\usti-nlinll Capital 
Territory, Lnres and A pplethorpe, Queensland. 
Trangic, New South ,y ales, 11 11 d 1fojormp. 
W estem !\ustn1l ia. 

Rnfomology, 1Yith head-quar ters and main 
Iaborator.ies at Canberra, a smaller labo1·atory in 
Sydney, and f:leld stations at Trnngie, New Soutl1 
Wales, Rockhampton, Queensland, and P erth. 

_.j ,.hnal Ilcallh and Procluclion. with lwad-quarter-, 
in Melbourne and main lahorntorics in :Mel
bourne, Sydney, Prospect, N cw Son th Wales, 
a nd Brisbane, and fieltl sta tions at Ar111i<lale :ind 
Badgery's Creek, New Sonth Wales; Ounna
mulla, ~'\ m berl<'y, anrl Rockhampton, Queens
land, and Werribce nnd Tooradin, Victoria. 

Biochemislr.lJ and Generc,l Nutri/.ion, ,dth head
quarters at Adl'laide and field stations at 
O'Halloran Ilill, Robe, and Brecon, South Aus
tralia. 

Soils, with head-quarters and laboratories ut 
A.delaide, and branch labora torie.~ at Perth, 
Canberra, Brisbane, and H obart. 

l1'orest Products, Melbomne. 
Food Presen•ation ond Transport . with l1carl

quartcrs and main laboratories at Sydney, branch 
lnboratoriei:. in Brisbane a11d Hobnrt. and minor 
laborntori rs at Go~ford, New South Wales. 

Fislieri,is. with head-quar ters an,] main lnhoratoric~ 
at Cronulhl, New South ·wales, lnborator ies in 
Perth and :Mclboumc, and field stations at 
Brisbane, Hobart, and Tlrnrsday Island. 

Jl[ etrology, Physics, unrl Eler• f,·1·0/eclmologJ/, com
prising together t.he Nntio!rn I Standards La bor:1-
tory, Sydney. 

Radiovhysics, Sydney. 
T11d11strial Chemisfry, wit.h head-quarters and main 

laboratories in 1\fclhourne and branch labora
tories in Sydney, i\cl t'laide, and Perth. 

1'·ribophy8ics. l[clbonrne. 
Bvildin.g Resr,arch. :Melbourne. 
Jfoi11 e111al-i1:(1/ Stali,l irs, Adelaide. 

The following Rre the Src- tions :-

rJornmonwealtl, Rese.arch Sfa.fion (Murray Iniga
tion Arens), 1Icrbein, Victoria. 

Rnd·io Research Board. with l10ad-quarters :11 
Sydney and branch b horatory in Brisba11e. 



Plant Fibre, Melbourne. 
01·e-dressing Investigations, Melbourne and Kal-

goorlie, We;;tem Austrn1ia. 
J.11ineragraphic Investigations, Melbourne. 
Oenological Research, Adelaide. 
Dairy Research, Melboume. 
Meteorological Phys'ics, Melbourne. 
Tracer Elements Investigations, :Melbourne. 
Coal Research, Sydney. 
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Physical Metalliirgy, Melbourne. 
W,ildlife Siirvey, with bead-quarters in Canbena 

and field stntio11s at rerth, Albury, New South 
Wales, and Abercloss, near Marble Bar, Western 
Australia. 

.Mathematical lnstmments, Sydney. 
Wool Textile Research Laboratories, with head

quarters in :Melbourne nnd additional units in 
Sydney and Geelong, Victoria. 

Land Research and Regional Siirvey, with head
quarters in Canberra and field stations at Alice 
Springs, Northern Tenitory, Ayr, Queensland, 
Katherine, Northern Territory, and in th,i 
Rirnberley region, Western Australia. 

Ag1·ic11llural Research Liaison Service, l\folbournc>. 
Animal Genetics, Sydney. 

In addition, R egional Centres ( co-operative research 
units staffed with officers from the appropriate specialist 
Divisions to attack the problems of a particular district) 
have been established as follows:-

Tasmanian Regional Laboratory, Hobart. 
Western Aiistralian Regional Laborato1·y, Perth. 

II. SOILS. 
1. GENERAT,. 

Scirntific appreciation of soils i5 basic to any proper 
lnnd me in Australia. The efficient expl oitation of 
existing land resources, improvements in farming 
methods, more intensive cultivation, techniques for 
pasture improvr.ment, and measures for soil conserva
tion all require a fundamental knowledge of the soil. 

The Organization's work in this field is undertaken 
by the Division of Soils with head-quarters at the W aitc 
Agric~1ltural Research Institute of the U niversity of 
_Adelaide. However, some work on soils and their 
behaviour tmder inigation is undertaken at the Com
monwc>alth Research Station (Murray Irrigation 
Areas), :Merbein, Victoria, and at the Irrigation 
Re~earch Station (Murrumbidgee Irrigation . Areas), 
Gnffith, N cw South Wales (see Chapter IV., Section:, 
2 and 3) . 

Division of Soils.- The Division does both applied 
and fundnmental research il1to the classification, pro
per ties, and problems of Australian soils. The primary 
objectives are-

(i ) The systematic mapping of the soils of Aus
tralia in broad categories as an evaluation 
of national soil r esources and as a com
parative survey relating pedologically the 
soil groups of this and other countries. 

(ii) The classiiication and n.1apping in varying 
degrees of detail of the soils of specific areas 
in regions marked for future or more inten
sive settlement or in which problems of 
production have arisen; this is a service of 
immediate value to the farmer and to State 
advisory and adm.inistrative bodies. 

(iii) Applied research into problems concerning 
soil fertility or other chemical or physical 
factors nffecti11g productivity. 

(iv) Fundamental research on the pedology, 
chemistry, physics, and microbiology of 
Australian ~oils. This is becoming an in
creasingly importaut activity on which 
depends the progress of applied re,;earch in 
the Division and also of investigations of 
other D ivisions of the Organization and of 
outside agricultural authorities. 

Pedology activities have swnng more to broader-scale 
mapping with only a small amount of the detailed 
type as an aid in defining anc1 interpretini the soil 
pattems ma.pped in broad groups. The first definite 
move to map regional t111its il1 categories suitable for 
n new soil map of Australia was made. 

Considerable advances have been made in the studv 
of the mineralogy of the soil, both the clay and tl;e 
coarser fractions, as a guide to soil classification and to 
physical and chemical properties, as to understanding 
the genesis of soil profiles, and as a useful attack on the 
geochemi:itry of the soil, which may enter into fertility 
problems. 

The approach to microbiological studies has 
brondenecl with the commencement of work on soil 
organic matter and humus, and on tho natul'C and 
activities of organisms in the rhizosphcre immcdiat.ely 
acl,iacent to the roots. 

The organization of the Division has rcmaiJ1cd essen
tially the same but the group concerned with soil 
mineralogy is in process of developi11g into a new 
section. There l1as been a chanp;e in senior officers in 
the Perth centre aud a small new unit for field work 
has been set up at the Inigatiou Research Station, 
Griffith, l\T ew Sou th Wales. A new soils 1aborator,y haf 
been established at Canberra. 

A Soil Survey Co-orclinntion Committee was set up 
in Victoria comprisi11g representatives of the Depart
ment of Agriculture, Soil Conservation A uthority, 
University, and the Commonwealth Scientific and In
dustrial Research Organization, to collate information 
on existing and current surveys and to decide on priority 
for nnd active parties in new surveys. This has the 
same function as similar committees in New South 
Wales and Queensland, and all were set up at the 
instigation of the Commonwealth Scientific and Indus
trial Research Organization. A further committee is 
being organized in Western Australia. 

During the year a representative of the Division 
sernd as an Australian delegate at the Eighth Pacific 
Science Congress in Manila, Philippine I slands. Three 
officers have been overseas in America and Europe for 
part of the year on study lC'aYC and two are away on 
studentships in Sweden and Enghmd. 

A notable move in publication is the Executive's 
agreement to issue a new Soil Pi1blication series to 
include material previously included in the Biilletim 
series. 

2. S01L SonvEY AND PEDOLOGY. 

(Division of Soils. ) 

(a) Wesfe1·n Anstralici.-A r econnaissance survey of 
the the Swan Coastal Plain made in previous years has 
outlined the soil associations of the area. Field \\"Ork 
this year bas been almost entirely concerned with filling 
in details of the pattern already described. 

The major effort bas been at Capel, where the soil 
survey of a proposed irrigation area was commenced 
last year. This year a furth er 60,000 acres were sur
veyed in detail, making a total of 130,000 acres of 
\\'hich approximately one-third is irrigable. A soil map 
~!id :·epo_rt giving ~ ~esc1}ption of t~ie soil types: their 
custnbut1on, and 1rr1gat10n potential is now 111 the 
comsc of preparation. · 
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.At H arvey, where some 8,000 acres had been covered 
in detail in other years, the area surveyed has been 
extended by 12,000 acres of which 3,000 acres are in 
detail. 

Th~ soil survey of the Swan valley is complete, and 
lt Soils and Land Use Report on the work is now in 
press. A good deal of time has been spent on this 
and other compilations to complete the proper recording 
of field work already finalized. 

Other mi110r projects dm·ing the year were a survey 
of the Manjimup A.gricultural Research Station at the 
request of the Superintendent of Dairying of the 
Department of Agriculture, and one of thP. Seaforth 
Home property at the request of the Physical Education 
Hranch of the D epartment of Education. 

(b) South A11sfralia..-Investigations in the past 
,rear in the low-fertility lands of the upper south-east 
have been concerned with two areas. In the Tintinnra 
district a soil map and report 011 300 square miles 
have been completed for publication. This area is 
mainly sandy, often in the form of high sand dunes 
liable to erosion. Saline ground-water is found 
genernlly several feet below the surface of the plains 
and is associated with the occurrence of saline soils. 
Determinations of soil salinity have been made at 
2-monthly intervals tlnough the past year on a 
number of sites to investigate tl1e seasonal movement of 
soluble soils. In the Tatiara district, including Border
town and Wolseley, the field work on 450 square miles 
has now been completed. This area adjoins earlier 
surveys in County Bnckingl1am and approximately a 
t.hird of i t is also sandy and of low fertility. Another 
t.1Jird represents tlie western extremity of the fertile 
Wirnmcrn soils of Victoria. The balance is made up of 
vllriablc deep and shallow stony soils, with ma.ny 
~wnmps. j\f ost. of the land is.cleared and cereal growing 
1s wc>ll est.fl bhshed. Ccrtarn parts are 1mrticulnrly 
fayourcd for irrigation, using easily accessible ground
water of good quality. The high wheat yields obtained 
in this district testify to its fertility, yet even productive 
land here gives a response to zinc as a fertilizer for 
wheat allfl subterranean clover. 

A reconnaissance survey was made of 25,000 acres in 
the Hundreds of Woolumbool and Lochaber in an 
endeavour to assess the suitability of this area for 
government acquisition and development to closer 
settlement. The soils are generally of low fertility; 
so:31e are coarse-textured, deficient in organic and 
mmeral matter, and liable to wind erosion if disturbed 
nuder summer conditions, but others have been 
developed elsewhere with suitable mana"ement. 
Salinity over a considerable portioll is a ~aterial 
problem. . 

Tbe soil survey of the Barossa district has been 
continued from last year. The Soil and Land Use 
Report on the first unit, the section surroundi110-
Nuriootpa, is in press. Field work is almost completed 
at a moderate level of detail in both the second and the 
third 1mits, the Seppeltsfleld-Gomcrsal and the Tanunda 
zones respectively. Their combined area is about 
30,000 acres. Field work has been started in the east 
Barossa unit over nn area of about 55 000 acres 
extending from Angaston to Springton. Spot surveys 
of about 1,000 acres were made at both centres earlier 
this year to determine appropriate soil mapping units. 

In continuation of the long-standing search for new 
areas suitable for irrigation development in South 
Australia, a soil survey was made in the latter half of 

· 1953 of 17,000 acres in the Hundreds of Paringa and 
Gordon , County .Alfred, between Loxton and Rcnmark 
on the :Murray River. Of this total, 7,000 acres were 
surveye~ at the detailed leYe1 and 10,000 acres in 
reconna1s~ance. This surve,y revealed a main unit of 
nboi:t 5,000 acres as suitable initially for irrigated 
hortlcnlture and three smaller ar;.ias totalling 1,:i00-2,000 

acres as suitable for future extensions. This area has 
many features similar to those of the nearby Loxton 
Irrigation Area and is com.mandable on a moderate 
pumping lift. 

A soil survey of Martindale Estate, some 10,000 
acres, at Mintaro has been completed in great detail. 
It will serve as a basis for experimental work by the 
Waite .Agricultural Research Institute. The survey 
has revealed important details of the relationships of 
red-brown earths and brown soils of heavy texture to 
topographic features and their concomitant effects on 
the moisture regime of the soils thereon. 

About 1,000 acres of undrained fen country in the 
lower south-east were e.xamined for the Land Settlement 
Authority. This is a parallel case to the previously 
surveyed Eight Mile Creek Swamp, which has been 
successfully developed. Wellington Swamp, an area 
of J ,000 acres close to the point of entry of the Murray 
River into Lake Alexandriua, which has been flooded 
since 1917, was also examined by working from a boat. 
The object was to determine its suitability for reclama
tion and development along the lines of the J ervois 
Irrigation 11.rea nearby. A.bout 4,0 per cent. appears 
first qual ity swamp and 20 per cent. poor problem soils. 

A preliminary inspectioll has been made on 
Yudnapinna Station and su1·ounding areas of land 
north-west of Port Augusta as a suitable site for 
clet11iled pedological stndi.es of arid soils. 

Furtbm· work has been done both in detailed spot 
survey~ and in bro_ad-sc~le soil association mapping of 
areas rn the Adelaide hills as part of a programme of 
smvcying the .Adelaide 1-mile military map. 

Reports ai1d recommendations have been made to 
State and Commonwealth housing authorities in 
Adela ide for the selection and planned use for buildin" 
of cstatrs purchased for intensive housing scheme~ 
The Yolumc of the~e requests appears to be decreasing. 

( c) Victoria.-.A reconnaissance soil survey was 
made of tbe Shire of Kowree, County Lowan, in western 
Victoria, as a joint operation with the Soil Conservation 
Auth?rity. This ~hire embraces 2,300 square miles 
and rncludes portion of the Little Desert, a sandy 
area, and the western end of the Great Dividino- Ran<Ye. 
A small proportion, the fringing hills and the ~alley 

0
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the Glcnelg RiYcr, is· subject to soil erosion but the 
remainder is protected by either improved o;. natural 
pastnres or by virgin forest or scrub. The improved 
pastures rely mainly on subterranean clove1' 
and 'v\:imn1cra ry~ grass, whiC'h are grown on 
a vancty of soils, the only fertilizer being 
snperphosplrntc. There is ~ome indication that 
these pastures do not remain at their initial hio-h level 
of production and.tha.t tl1e health of young sheep is not 
satis.factor~. There ts scope for further development 
by moreasmg the very sma11 irri00ated area-usina 
unclerJ:;roun~ . o~· possibl:y su.rfa.cc water in swamps and 
lakes, ~y utihzmp; cert3:m vngm land either for pasture 
or exotic forest plantations, and by increasino- the small 
m·c>a devoted to stone fruits. The Shir~ cmitains 
the mai~ int~kc fo.r t½e Mun ay Artesian Basin and 
hydrological mvest1ga t1011s are warranted for assess
ment of the annual intake to that basin. 

(d) Tasrnania.-Tbc Tasmanian re,.ion·a1 survey 
lrns been continu~d; one more uni~, the H~bart military 
sheet of approxm,ately 350 square miles and about 
60 Sl'jnare miles in the southern portion ~f the Buck
land sheet ha;E: been completed toward the preparation 
of the new soil map of Tasmania. 

The mapping of the soils of the whole of Flinders 
I sland ( a~·ea 550. sguare miles) has been completed, 
fifteen s011 assoc1at1ons having been recognized. A 
total of approximately 4,000 acres of detailed survey 
w11~ don~ in th1:ee of the major associations, w.hich 
assisted m clefimng the pattern of types withjn each 



of tLom. Some of the units of the 1951 survey of 
the Foo Choo F lats have been modified to fit in with 
the subsequent survey of the whole island. In the 
area being developed at present for closer settlement, 
pasture responses to copper and lime, added to the 
usual heavy dressings of superphosphate, have been 
obtained. 

The iield work in the Launceston Basin_, which 
covers an area of 850 square miles, is now compfote. 
i',ccurate base maps for part of the area were avail
able, but elsewhere they ,have been compiled pboto
grammetrically using the slotted template technique. 

The :first stage of the work in the Burnie-Table Cape 
area has been a broad-scale rcconnais&ance of the area, 
which has been successful in delineating the basaltic 
soils from those on other parent materials such as 
Palaeozoic quartzites, granites, and tillites, and 
Tertiary to l'{ecent sands and clays. The total area is 
approximately 500 square miles. 

A detailed survey covering a total of approximately 
8,000 acres is being made of the basaltic soilg in the 
Sorell-Brnam Creek area. The basalt occupies old 
{'alley floors and has been much dissected. The soils 
represented r ange from krasnozems to black earths. 

(e) South-eastern Region.-This region covers the 
irrigation zone and the greater part of New South 
Wales and eastern Victoria. 

In the irrigation zone three areas have been sur
veyed in the past year ai1d two large ones are in pro
gress. Eatit Munakool (15,000 acres near the Murray 
Hiver at Barham.) has been mapped in moderate dctai: 
at the request of the Irrigation Commission as a 
potential new development. Apart f rom irrigability 
investigations the soils have opened up some interest
ing pedological features of importance to development 
and in understanding the history of tbe formations 
in geologic time. Two units each of 50,000 acres in 
the hlurrumbidgee Irrigation Areas, one at liooba 
and one at Whitton, have been surveyed as a moderately 
close study of soils of large-area farms ,and to form 
a basis for land-use and soil investigation following 
irrigation over a sequence of crops for a considerable 
period of time. This work has involved a study of the 
four depositional layers which have built up the 
landscape, providing a valuable aid in understanding 
the soil characteristics and distribution. 

The sur vey of the large Billabidgee area south of the 
Murrumbidgee lliver, aggregating 700,,000 acres, has 
begun as a co-operative ente1·prise with the Irrigation 
Commission and the Department of Agriculture. This 
project is basic for the evaluation of the tract of 
country generally considered sui table for i rrigation 
tlcvelopment from the Snowy and Tumut River schemes, 
1wd should result in the selection of the suitable por
tions and soils for various purposes. 

The Deuimein Irrigation .Area (130,000 acres), 
iumecliately north of Deniliquin, New South Wales, 
hns been partly improved by irrigation in recent years 
but no survey had been made. Before development. 
pl'oceeds further the soils are being examined and 
111apped ii1 associations. 

TJ-ie regional survey has been temporarily slowed 
down by pedological studies of soil formations in tho 
H.iverine Plain. :From these investigations three 
l' iverine layers can be recognized, probably dating 
back to climatic fluctuations of the late Pleistocene. 

A fourth laver has manv of the characteristics of 
loess. The study of these layers and their distribution 
has received considerable attention and is proceeding. 
At present it seems that the characteristics and distri
lmtion of the four la.yers as surface exposures have 
a great influence on the soils and many problems are 
r.h1cidated by reference to them. 
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Some preliminary reconnaissance of the soils in the 
N amoi valley lrns been made wi th a view to future 
use of irrigation water from the Keepit Dam. F urther 
survey work needs to be clone before irrigation develop
ment begins. 

(f) (J1ieensland.-Field studies of the soils of an 
east-west strip across the central Darling Downs have 
been continued. Following up the detailed spot sur
veys referred to in the previous Report., two field 
parties mapped the soil~ of the 500 square miles of 
country covered by the Toowoomba 1-mile military 
map at the soi l series association level during the 
1!)53 season. This work was done directly on aerial 
photographs of 40-chain/1-iu. scale. A soil map has 
been prepared for publication at 1-mile/1-in. scale. 
An additional detailed spot survey of 1,400 acres 0£ 
couutry near the western edge of the uplands south 
of Ironga te was also made. In this area Mesozoic 
sedimentary rocks of the Walloon Series contribute to 
soil parent materials. These rocks are both calcareous 
and saline and some of the soils show evideuce of -
solonization. In addition to black earths and small 
areas of .solonetzic soils, there are some whose charac
teristics indicate close relationship to the red-brom1 
earths. 

As part of the Division's plan to produce a new 
soil map of Australia, a start has been made on broad
scale mapping of the soils of the Brisbane sheet of the 
.Austrnlian Geographic Map Series at a scale of 1 to 
1 o0• ]If o~t of this area 1ies on the coastal .si<le of tho 
Dividing Range. Topographically and geologically, it 
is oue of the mo1;t complex areas iu Queensland. For 
rcrorcliug more detail along traverses and having suit
able road information for traversing, 1-mile military 
map sheets are being used as base maps in the field 
where available. Elsewhere, 4-mile militaxy sheets 
will be 11secl. The mapping unit being used is the 
great soil group association. 

A detailed survey has been made of the recently 
established Amberley F ield Station of the Division of 
.c'l..nimal Health and Production. This 450-acre 
property is made up of heavy soils derived from fine
textured alluvium along Warri11 Creek. They are 
intermediate in character between black earths anJ. 
grey soils of hoary texture, some showing hydromorphic 
and others weakly developed soloclic features. P resent 
indications are that their phosphorus status is very low. 

(g) North thtstralia.-Work was commenced by th<' 
Land Rc~earclt and Regio11al Survey Section., to which 
a soil suneyor from this Division is seconded, in the 
Gnlf count.ry of north Queensland. This p roject con
cerns the smve_y of an area of 90,000 square miles in 
Lhe Flin<lcrs-Gilbert River region abutting the Gulf 
of Carpentaria. Co-ordination of the peclological 
data and soil classification is carried out by visits from 
head-quarters of the Division as far as possible. 

(h) Carlography.- Dm-ing the year 45 maps of 
varying sizes and numerous diagrams have been 
drawn. As the field data is almost all on aerial photo
graphs, base plans are required for the transference 
and where necessary special plots are made. 

3. So1L OnEMISTRY. 

(Division of Soils.) 
(a) 1'e1·ra Rossa and Rendzina Soils.---.Throughou;; 

South Australia there are several al'eas of shallow 
r~latively undifferentiate~ red and blac½ soils overlying 
highly calcareous matenal. These soils which have 
been attributed to the great soil grou~s of " terra 
rossa" and "renclzina" respectively, occur under the 
same climatic regin1e and very frequently adjacent to 
011e another on apparently simila1• calcareous parent. 



14 

materia1s. An examination of nineteen representative 
pro£les, collected mainly from the vicinity of Adelaide 
and .some also from the south-east of South Australia, 
has now been completed. An attempt has been made 
to establish the pedogenetic factors involved in the 
formation of these soils and their morphological rela
tionships in terms of chemical and mineralogical 
properties. 

It has been found that the chemical properties of 
these two groups of soils are very similar. However, 
their colour, which is their dominant morphological 
difference, can be related to the total organic matter 
and the free ferric oxide associated with the clay 
fraction. If nitrogen is used as a measure of soil 
organic matter , then t he black soils are character ized 
by having a ratio of free ferric oxide to nitrogen of 
less than 10, while this ratio is greater than ten for 
the r ed soils. .iin i ncreasing degree of redness does 
not always correspond with an increase in this ratio, 
but a mineralogical examination of the clay fraction 
lrns shown that any anomalies can be attributed to 
the presence 0£ other iron-bearing minerals, such as 
ehlorite, i11 the clay fraction. 

(b) Ion Exchange Relat-ionships of Soil.s and Olay 
.lllinerals.-An investigation into the ion exchange-pH 
relationships of various cation-dominant soils has now 
been completed. Typical soils containing clay minerals 
representative of the roontmorillonite, illite, and 
k:iolinite groups were sa turated with one of the cations 
sodium, potassium, calcium, and magnesium and the 
equilibrium reactions with either t he cation hydroxide 
01· hydrochloric acid studied. 1\.fter dialysis it was 
found that the relation.':hip between the pH of the 
colloid and the negative logarithm of the amount of 
cation in the dialysate took the form of two straight 
lines., indicating that complex but definite reactions 
"·ere occurring. Exchangeable cation-pH curves had 
a common shape in the acid portion of the pH range 
except for the kaolinitic soils which showed the highest 
buffer capacity pei: exchange position. The pH rela
t ionships 1rith sodium as the metal cation were charac
teristic for the three clay minernl types and may be 
used to differentiate them. 

Sodium was found to be easily hydrolyzed in soils 
coutaining illitc minerals. This gives r ise to high 
pH values at low sodium contents. Under these con
ditions the soil solution would have a high silica 
content. 

Determina tions of pH with the glass electrode in the 
soil suspension or in the dialysate indicated that equi
librimn between the soil nnd solution was not readi1y 
attai ned under alkaline conditions. I t is considered 
tl1at this lack of equilibrium is associated with the 
hyrlroxyl ion. Increasing salt content did not assist 
in attaining equilibrium. It has been found possible 
to predict the change in pH for a salt addition pro
vided that the metal ion concentrations in the dialysate 
are known. This difficulty in reaching equilibrium is 
of importance in the determination of the pH of 
alkaline soils. 

The "ms pension cffer.t" in making electrode poteu
tial measurements in clay suspensious has been further 
investigated. Except for kaolinitic soils below pH 6, 
the monovalent cations sodium and potassium always 
gave positive potentials with respect to the calomel 
electrode in the dialysatc taken as negative. The 
potentials de,,eloped by calcium- and magnesium
treated soils were always negafo·e. If it is assumed 
that the suspens ion effect represents an average poten
tial between the Gouy double layer and the outside 

.solu tion, i t can be shown theoretically that the sus
pension effect is a function of the r eciprocal of the 
.~qua re root of tho concentration of ions in the 
dialysate. The numerical values of the experimental 
results confirm this but the reason for the difference in 
sign between the monovalent and divalent cations is 
still obscure. 

(c) 1'he Availability of Micro-nutrient Elements in 
the Soi l.-Further experimental work has been devoted 
to the elucidation of the chemical forms of manganese 
aud other heavy metals in soils . T he uptake of man
ganese by onts from different manganese compounds 
added to a highly deficient soil was determined. The 
soil used was a highly organic neutral soil from 
Rendelsham, South Australia. Past experience has 
shown that i t requires very h eavy -applications of 
:11anganons sulJ;>hate to o:ercome the deficiency. The 
mfluence of different soil treatments on the avail
ability of manganese in this soil was also examined. 

Tho determination of the various chemical forms 
uf m_anp;ane~e in soils has proved a most difficult prob
lem 1n the past. The use of salts of ethylenediamine
tctr~-acetic acid has shown considerable promise and 
an improved method for the extraction of divalent 
manganese from soils has now been devised . 

(d) Ru.in-wale1· Studies.-In conjunction with the 
South f\.nstralian Department of Woods and Forests 
samp_les of rain-water have been collected weekly in 
cortam fo rest areas a11d these have been examined for 
the common anions and cations. It has also been 
n$'re~d to . cxam_ine, for the Soil C_onservation Authority 
of_ V i_ctona, ram-water reprcsentrng 3-monthly periods 
of ramfall from 25 centres in Victoria, provided satis
fact?ry . arrang?ments can be made to prevent con
tammat1011 dunng_ collection . This is sti) l the biggest 
1,roblem as analysis now presents no maJor difficultes. 

,. (e) _Speclrochcrni~al In ve.~ti.9r1lions.-l large serie~ 
01 $Ori~, representrng t.yp1r:il Western Australian 
laterit ic profiles, has been examined spectroo-raphically. 
Calcium, magnesium, copper, gallium, lead,

0

manganese, 
and molybdenum were determiued in the soils nnd also 
in the frrrnginous concretions. This is part of the 
deta iled study of these soils · 1rh ich is beino- carried 
ou t mainly in the West~rn Austrnlian °R egiona1 
Laborato?·y. 

_The ~pectrographic laboratory has continued to assist 
with difficult determfoa tions. Mineral samples ha Ye 
been examined for thorium nnd uranium for the Bureau 
of Miu?ra l Resources and other samples of pyrite and 
ha~mat1te f?r the South Australian Department of 
M11_1es. ~\ss1stance has also been pro1·ided in rninera
log1cal and plant nutrition studies to the Waite 
Institute. 

An 11J_1·csti~_ation has been !'ta1:ted to explore possible 
con elatwns 111 the concentrations of six elements 
( copper, gallium, magnesium, mano-anose molybdenum 

cl 1. ) . 1 . 0 ' ' uu Yanac ,um 111 a arge scn es of samples of Unbrae 
loam co11cc~ed from a small area of 2S square feet. 
No correlat1011 has been found bet1rnen soil react ion and 
any of the above elements. Work is in proo-ress to 
detect nny po ·sible cone la tion between pairs° of ele
ments. The clay and sand fra ctions harn been sepa
rated from som.c of the samples and these are to be 
further examined. 

Much a t tcntion bas continued to be devoted to the 
dernl~prnent o~ . th? 9uantitative spectrographic 
techmque. Prec!Slon m his laboratory has now reached 
a stage where no significant improvement. is likely to 
result fron_1 trial and error modifications of procedure. 
An analysis of the total error of a single determination 
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has therefore been commenced so as to be able to 
ascertain the part attributable to excitation of ~he 
sample and that attributable to measueernent of hue 
intensities. It has been found that tl1e determination 
of a line intensity from a line density is subject to 
an en;or of about 2 per cent., and t his has been furthe_r 
apportioned between the densitometer itself, the cali
bration curve for conversion of line density to line 
intensity, and variations in the photo_graphic line 
image. However, it is apparent that this total error 
of 2 per cent. forms 0J1l_y a ver_y sm_all part of . the 
total error of about 10 per cent. for a smgle dcterm1)rn
t.ion. To brino· about a significant overall reduction 
the enors associated with excitation of the sample mus t 
be reduced. The lack of stability of the discharge 
itself is only one of the factors causing these errors. 
Factors tha·t have been investigated incl ude the arc 
current, the basic composition of the sample1 and the 
level of co11ccntration of selected elerne11ts bemg deter
mined. 

In the application of spectrographic techniques to 
rontiue soil anal_ysis there is a limit to t)1e accmaey 
needed and this is imposed by the s:.unplm.~ cnor of 
the soil sample itself. In an investigaiton of this 
error, in a series of 68 samples taken from a compact 
area of 28 square feet, it has been found that the 
sampling error for one sample is about 10 per ceut. 
Combining this error with a spectrographic error of 
6 per cent. (for a mean of triplicate determinations) 
it is seen that the total error is only 12 per cent., which 
is not much greater than the sampling error alone. 

(f) Improved 1lfelhods of So·il A·nalysis.-A bette1· 
u11dcrstanding of soil pH eqnilibria has gi,·en a sounder 
theoretical barkground to the teclrniquc of pH deter
mination and t.hc electrode anangements usP<l in these 
laboratories. The method has also been examined to 
assess the errors involved in its routine application. 
Replicate determinations made consecutively upon 
the same day were found to l1ave smaller errors thall 
those made 011 different, days. In a group of eight 
observers there were siguifirant difference:; between 
the errors of individuals. The error.<; due to all the 
above causes have 5 per cent. :fiducial limits of ± 0.09 
pH unit for a single determiua tion. The enors due 
to the lack of equilibrium between the soil nnd the 
aqueous phase occurred onl_y above pH 5 but could 
giYe drifts as µ;rent as 1.0 pH unit under unfavoralile 
conditions. It was fouud that in practice the errors 
due to the suspension effect were relatively small. The 
error of sampling, due to variations in the field over 
small distances of the order of ½ chain, showed 5 per 
cent. limits as high as 1.3 pH unit., . 

For the :first time a simple method for extractiuo· t be 
exchangeable cations in calcareous soils has '"'been 
devised. Sodium, potassium, calcium, and magnesium 
can now be satisfactorily extracted and determined 
with no more clifrieult_y than in carbonate-free soils. 
A survey of the solubilitie;; of calcium car
bonate and magnesite in a number of possible 
extracting solutions suggested the use of a normal 
solution of ammonium chloride in 60 per cent. ctlrnuol 
adjusted to pH 8.5 with ammo11ia. In surh a ~olution 
the alkaline earth carbonat~s have a solubility equal to 
or somewhat less than in air-free water. Comparative 
trials on a large number of soil types have shown that 
the new solution satisfactorily extracts the exchangeable 
.)ations and that no conectiou is needed for the 
solubility of the a lkaline earth carbonates. The 
leachate contains sodium and potassium in a form 
which can be readily determined by flame photometry. 
Calcium and magnesium. can also be simply deter
mined by titration with ethylenediaminetetra-acetatc 
after ren;oval of the ethanol and ammouia. During this 
investigation it was noted that solutions of ammonium 

acetote always dissolved more calcium from its 
cn rbonatc tban did similar solutiollS of ammonium 
chloride or nitrate. 

The interactions of sodium, potassium, calcium, and 
magnesium have been studied in rela tiou to their 
determination in a :Bame spectrophotometer. Calcium 
has a marked effect on magnesium and further enhances 
the difficulties associated with the determination of 
tl1 is latter element. Fortunatel_y the successful appli
cation of ethylcuecliaminetetra-aceta te titra tions for 
calcium and magnesium has rendered their flame deter
mination unnecessary. Applications of simplified 
flame photometers have also been studied, particularly 
for the determi1rntion of sodium and potassium in 
rain-\\'ater and soil extracts. In some :filter type 
instrnrne11ts calcium interferes with the determina
tion of sodium and suitable precautions must be taken 
to minimize t his source of error. 

A new colo1·imetric method for the determination of 
irou in plants, based on the photometric determination 
of ferric cupferronate in amyl acetate, has been 
developed. 

(g) Genernl Soil Analysi~.-As in the past, examina
tion of type samples collected by Divisional soi1 
surveys and other soil surveyors has formed an impor
tant part of the activities of the laboratories. Now 
that the regional laboratories are functioning, the 
number of routine samples examined at head-quarters 
has decreased. This has made it possible to examine 
special features of selected samples in greater detail. 
Thus detailed particle size distribution studies hav':l 
heen made for _!!;roups of Riverine Plain soils and soils 
from Mintaro, South Australia; seasonal changes in 
.:;alt and moisture content in soils from the upper 
south-east of South Australia and salt in soils from 
forest reserves near Adelaide have also been followed. 
Detailed chemical analyses of clays and other minerals 
found iu soils ha \'C been carried out. 

( h) 11' es tern A:uslralian Region.-W ork has pro
tceclcd on the chemical aspect of the nature of lateritic 
,oil dcrivativPs. The Physics Department of th(l 
University of '\Ycstcrn .Australia, who arc usirw X -ray 
diffraction methods to identify the clay minerah in the 
H profiles selected, are awaiting· chemical analyses to 
c:onfirm <·ertain of their findings and this work is o-oing 
ahead. The spectrographic analyses of the rni110r

1

"com
p0Ben ts of bot b " fine earth " and _gravel portions of 
13 of the 14 profiles have been completed by head
guar tcrs. In general, lower total values are reported 
rn t.hc gravels of tl1cse profiles fo1· the elcinents copper, 
gallium~ and molybdenum than previously, but no 
col'l'clat1on has yet been attempted between these 
minor element valnC's and b1own deficiencies on the 
related soil types. 

The rollection and analysis of rain-water samples has 
eo11ti1111ed. ~fothods have been improved and are 
eanied out completely wi thin the region. Calcium and 
magnesium are titratetl 1.1sing versenate, sodium and 
pota~::>iur.n c1.eterrnined usiug the flame photometer and 
l'hol~ride_ and _sulp~a te es~imated in_ the same s;mple 
by t1t1·atmg with silver 111tt·ate to give the usual elec
trometric chloride titrntion and continnino- the titra
ion \\'ith barium fl CCtate using the conductimetric 
sulphale method. Two pairs of samples were obtained 
from thr f·op a11d bottom of a wireless mast but the 
c?n:J)Osition of corrrsponding s_amples was 'not very 
chftcrent although the volumes m both pairs were 50 
per cent. higher at the bottom than at the top. 

(i) Queensland Region..-Routiue analyses have 
continued, to support the soil survey on the Darling 
Downs. As part of n plan to speed up routine soil 
ana l_ys~s a_ rapid manometric method for carbonate 
dctermrnat1ons has been de1·eloped which more than 
doubles the output of result.s without significant l oss 



of ac~urae,r. Oo-operative work with head-quarters on 
new t1trat1on methods for calcium and magnesium and 
on use of the flame photometer for sodium and 
potassium in soil extracts has also bec11 undertaken. 

Followin~ the discovery of palygorskite at Flinders 
Pe~k, . chemical wo_rk on samples of palygorskite and 
sep1o_hte was earned out with the help of the soil 
physics laboratory at Adelnide. This project is 110w 

complete. 
,Studies 011 the nitrogen status of black 80ils on the 

Darling Downs was continued. Similar trends to those 
reported last _year in the soluble nitrogen £ractio11s were 
found, and the studies were extended to the nitrocreu 
st~tus following ploughing up the native grassla~d. 
~irst resul ts suggest that ploughing up releases con
siderable q11antities of mineral nitrogen in the form 
of nitrate and tlta t to some extent this nit rate is washed 
down to lower horizons in the profile. Percolation 
tects with ammonium sulphate solution reveal that 
nitrificatio II potenti.1 l decreases markedly with depth, 
and that l:nn•r d,•pths are cliar\l,etel'ized by a wa rkcd 
accumul:itio11 uf nitrate iu the percolate before con
versiou to ui tri: to is finally <:on, plch' . Tl.iis behaviour 
is being' further inYestigated. 

Studies 011 the zinc status of these soils are also beino· 
continued, A large proportion of the total zinc i~ 
f?und in the clay fraction, where it appears to be 
difficult to l'Cmove by normal extraction solutions. 

(j) Tasmanian R0g·io11.-Analyses have been carried 
out on cr,rtuiu aspects of the chemistry of alpine and 
dolerite soils in association with the :field morphological 
study _of th~ pedology of these groups. .-~ large num· 
be1· of routme samples has been l1a11dlccl duriu.,, the 
year, p rincipally from the soil surveys described ahove. 

-!. SoIL PHY!:'IOS. 

(Division of Soils.) 

(a) Watcl' Content ancl Volume Changes in Soils.
Soil movements accompm1ying changes in water content 
of clay soils can cause serious difficulties in founda
tions of_ buildings and ro~c1s. :M:ca.~urements already 
made o_f seaso1rn) cbrrngcs m clay so:];, han.: improved 
t.he basis for dc,<;1gu of house foundatio ns on such soils. 
These mc11snrements a l'e -being con tinued. Additional 
moisture mcasurin!!: devices ha vc lxien inst:1 lled under 
four, new_ l,ouse.s in Adelaide s11burhs w i th the object 
of following changes m water content from the tiruc 
the houses wel'e first roofed. 

Measurements of vertical movement due to s,vellin()' 
of clay are also being continued and cells have bee~ 
installed to measul'e the swelling pressures exerted in 
the field. This is a long-term project to follow chancres 
over a series of seasons of varying character. The 
present objective is to determine the effect of lateral 
pressure on the piers of foundations in relation to 
lifting of the piers in swelling soils. 

(b) .ilfeasnrement of Soil Water Status in the 
Fielcl.-The neutron method of measurinrr soil water 
content is being adapted for use in th~ :field. It 
promises to be particularly useful in variable soils 
because it measures a volume of about 1 cubic foot of 
soil, thus tending to average out the scatter obtained in 
individual soil samples of smaller size. Attention is 
also being ~iven to the dcve~oprne!1t of techniques to 
measme soil water status m and conditions. An 
attempt is being made to assess quantitatively the 
accuracy to be expected from the gypsum block whicl1 
is used extensively as a field unit. ' 

( c) Examination of Soils for Buildi•n.g Purposes.
The soils a~ the site of the N orth~el? Mental Hospital 
nea~· Adelaide,_ where a l~rge bmldrng programme is 
proJected, contmue to receive attention. One problem 
not only of tl1ese soils but of other similar ones in th~ 
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northern parts of Adelaide, has been the accumulation 
of free water in the form of a perched water-table 
under buildings. It has been established that this 
condit_ion is ~ggravated if _not en~i:e~y caused by 
excessive watenng of gardens in the vicimty. The soils 
possess a relativel,y impermeable horizon of stiff clay 
at some depth in the profile, which permits the 
horizontal flow of large quantities of water when a 
water-table builds up on it. Measures to remedy this 
trouble have been suggested. Advice on the merit of 
sites for group housing has also been given to the 
Commonwealth War Service Homes Division. 

The soils of the suburban areas of Adelaide have been 
described in a bulletin issued jointly with the Mines 
Department. An account is given of the behaviour of 
each of the soil types in relation to house foundations. 

(d) Soil S~ructiir~·~J!'urther work is being carried 
out on the eifoct of 1mtial water content on the water 
stability of soil aggregates. In general, the higher the 
water content of the soil before it is placed in water , 
the greater will be the stability. The relative effects 
on cultivated and virgi11 soils are being examined. At 
the same time au attempt is being made to evaluate 
tlie factors responsible for differences in stability. 

The effect of cultivation upon structure is being 
examined in the Darling Downs, Queensland. In the 
Murrumbidgee Irrigation Areas, New South Wales the 
e~ect of rice g:·?,viug on ~tructure is under investiga
tion, the condition of soils of the same type being 
compared after 8, 4:, 2, and no crops of rice. 

In connexion with the chemical and mineralo(7ical 
stud7 of _soils o~ the terra rossl: and rendzina gr~ups 
ou~lmed m Section 3 (a) of this Chapter, a study is 
bemg made of the structure of these soils in relation 
to aeration and development of the soil profile. 

A method ~as been developed for measuring the 
apparent density of aggregates down to 2 millimetres 
in diameter within an accuracy of 2 per ce11t. The 
aggregates are evacuated to remove air in them wetted 
with kerosene, and drail1ed at a small tensio~ · their 
,·olume is determined by displacement in keros~ne. 

(e) Silrfac_e il?·ea of Soils.-A study has been made 
of the apphoat1on of the adsorption isotherm of 
Brunauer, Emmett, and Te1ler to adso1·ption of water 
rnpour by soil. Some preliminary results show that 
surf:toe area of ~lays dl'.!tE'rmined by this means rnay bu 
cons1derably higher than when determined from 
nitrogen adsorption. In view of the si.,.nificance of 
Slll'face area in the physical properties ;nd chemical 
react.frit_y of cla_y soils, these resuJts may be important, 
a!id may ex.tend t?e information available from particle 
sue analysis, which docs not nol'mally extend into the 
range of the finest particles. Alternative methods of 
measuring the surface areas of soils are bein"' tried 
i:si~g negative a~sorption . and ethylene glycot Pre
]immary work with negative adsorp tion and chloride 
111 the presence of calcium chloride has "'iven au are" 
f -6 ~ b " o ::> ~ --/g. compared with 43 n1.~/ g. by nitro.,.e?l 

adsorption. 
0 

(f) So·il .Phys~cal P1·operties ancl Electrolyte Ooncen
lratwn.-;-!be effect of_ clectl'Olyte concentration on thr 
pei:m~abihty and swellrng of soils i8 being investigated. 
It_ is mtende1 that_ the _r~sults of the permeability work 
w1_1l be 1;1sed rn mamta1:nng the permeability of certai11 
s011s wlnoh have apprecinble quantities of sodium on thr 
c:-change c~mplex. J!'or each degree of sodium satma
~1011 th~1.':- 1s ~ particular lev~l o~ electrolyte required 
m the 11i1;gat10n water to mamtam stable aggregation 
of ~he so1;l. If the .l~vel of electrolyte is too low, 
dec1 ~ases m per~eab1hty are obtained owing to dis
persi_on: ~y addmg a calcium salt such as gypsum to 
the, irr~gat1on :water, th~ permeabilit.v of the soil is 
~arntamed, wh1l~ the sochum ass~ciated with the clay is 
. epla_ced by calcmm. When this process is complete 
it w3ll not be necessary to add calcium salts to the 
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irrig:a~ion water. The present work has added more 
p rec1s1on to a reclamation process which has long been 
nsod in irrigation practice. 

The work on the swelling of clay blocks bas been 
extended to a study of the effect of electrolyte concen
tration and exchangeable cation on the degree of 
swelling. This is related to the above-mentioned 
research on swelling ( Section 4 (a) of this Chapter). 
So far it has been shown that the level of electrolyte 
results in only small differences in the degree of 
swelling of the calcium-saturated clay within the range 
likely to be encountered in the field . The work is being 
continued for a sodium-saturated clay. 

In connexion with work proceeding on liquid and 
vapour flow through soils it is necessary to know if the 
moving concentration in the liquid is well evaluated by 
the ratio of total chloride to water content. It bas been 
shown that errors involved in this assumption are small 
owing to the compensating effects of negative and 
positive adsorptions at the particular pH value of the 
soils. 

(g ) Erosion and the Formation of Surface Seals.
Laboratory and field measurements are continuing on 
the study of soil splash, and the formation and proper
ties of surface seals under the impact of raindrops. 
Test 1,l, t~ for field work are all on the one soil type 
but hui•e had different agricultural treatments. Treat
ment differences show up in both the amount of soil 
splashed and its particle size distribution. 

Damage to soil surfaces comparable witb that 
ubserved in the field is carried out in the laboratory 
with a rain simulator, the drop energy being varied by 
its distance of fall. With high energies more splash 
occurs on the well-aggregated stable soil owing to the 
movement of relatively large aggregctes, but on the 
unstable soil the splash con~ists of highly dispersed 
pm:ticles and therefore damage is greater. On all 
soils the amount of splash from the surface reaches a 
co11stant value as the total energy dissipated at the 
,;oil smface is increased. Amom1t of splash depends. 
also on the rate of wetting. As might be expected, seal 
formation occurs much more rapidly and to a greater 
extent on the unstable soils. The effect of seals on 
air-water-soil relationships is being investigated with 
laboratory- anrl field-formed ~ea ls. and the make-up and 
properties of seals a re also undei· study. 

(h ) Penneability.-Results obtained from the move
ment of water and chlorides and columns of soil from 
which water is allowed to evapornte at one end show 
that in isothermal conditions water flow occurs as liquid 
in soil~ wetter than wilting percentage, with negligible 
vapom .flow. The evaoorating soil columns have given 
1·esults relating the rate of Bo'w of water to the tension 
gradient within tl1e columns, from which some values 
of unsaturated permeability have been calculated for 
water contents down to the wilting percentage. 

(i) Sh?-inlcage of Soil Aggregates.-A study of the 
shrinkage a~sociated with the drying of 11atural a~gre
gates has been carried out at the Brisba11e regional 
centre. The modifying effects of texture and strnctural 
rlevelopment were assessed. The effect of shrinkage 
npon crack formation a11d subsequent water entry in 
field soils was studied. In addition to the normal and 
l'esidual stages recognized in shrinkage of puddled 
bloch, an additional stage termed "structural 
shrinkage " is found in natural aggregates. This 
difference from the puddled condition provides an 
opportunity for assessing the degree of structural 
development of a soil. 

(j) Water Content Changes in Natm·al Soils.-.A. 
joint project with an officer of the Ecology Section, 
Division of Plant Industry, has been commenced at the 
Brisbane regional ce»t.re: to define the micro-habitat 
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conditions for various rain-forest communities. This 
includes following the seasonal variation in water 
content of the soils at various depths. Gypsum blocks 
allCl associated equipment have been installed and are 
being read at approximately monthly intervals. 
Measureme~ts of rainfall, humidity, and temperature 
are also berng made and it is hoped that the contribu
tion to water loss from these soils via evaporation, 
transpiration, and run-off will be determined. 

(le) General.-Routine characterization of soil survey 
samples for degree of aggregation, porosity, and range 
of available water has been carried out in the Plant 
and Soils Laboratory, Brisbane, and facilities for 
similar work are being set up at Canberra. The index 
for assessing the physical status of soils referred to in 
the last Report has been further tested upon routine 
soil samples. The aim of the index is correlation with 
agricultural potential. .A. preliminary statement on the 
index has been prepared. 

(l) Terra Rossa and Rendzinci Soils.-Work on the 
terra rossa and rendzina soils from South .Australia has 
been completed as a contribution towards the research 
on these groups described in Section 3 (a) of this 
Chapter. Mineralogical examination of the formations 
shows that the underlying shales are the parent 
materials of the soils, the ca1·bonate in the lower horizons 
influencing the type of profile formed. The degree of 
redness of the soil is related to the amount of free iron 
oxide present, and this in turn is go,erned by the 
amount and type of iron-bearing mineral in the under
lying shale. The amoilllt of free iron oxide present in 
the soils appears to determine also the size distribution 
of the pores and related field behaviour of the soils. 
The soils are best understood when regarded as varying 
continuously from black to red, rather than as two 
distinct groups. 

(m) The Occu,rrence of Palygorslcite in Queens
land.-The clay mineral pa1ygorskite ( or attapulgite) 
was first identified as a contaminant in dolomite from a 
dolomite quarry near Ipswich, Queensland. Subsequent 
investigation showed that the mineral occuned exten
si vcly both as a pm·e clay a11d mixed with dolomite and 
other minerals. Tbe geology and mineralogy of the 
deposits indicates that the palygorskite has been derived 
from sepiolite which was formed in freshwater lakes 
with the dolomite in Tertiary times. This is the first 
recognition of tl1e mineral in Australia, and it is of 
in tcrest as the clny has many commcl'cial and industrial 
applications. The owners of the dolomite quarry are 
interested in exploi ting the clay, and the Division of 
Industrial Chemistry is determining its suitability as an 
oil clarifier &c. Samples of fuller's earth from various 
localities have been examined but palygorskite was not 
identi:6ed in them. 

(n) Swelling and Non-swelling Soils of Meibourne. 
- An investigation of the soil colloids of some Mel
bom·ne soils showed that montmorillonite was the 
dominant clay mineral of those soils with poorest 
foundation charncteristics. The clays in the soils are 
dep~nde1~t on the parent r ocks, basalt giving mont
mori llomte, and shales and sandstones giving illite 
and kaolin, which do not ex.hibit the undesirable 
swelling characteristics. 

_(o) X-~a.y_Diffract!·on Technivues.-:In studying clay 
mrnerals 1t 1s essential that d1ffract1on cameras can 
record high spacings. To aid in the rational design 
of these cameras an investigation has been made into 
tl1e variation of diffracted intensity with respect to 
X-ray wave-length, exciting voltage, and angle of 
viewing the X-ray target. The results show that 
cameras to record high spacing can be designed with
out loss of efficiency if the target is viewed at 2-3° 
instead of the conventional 6°. 
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The testing and assembling of Ge_i~er c_ounter equ_ip; 
ment has been completed in antic1pat1011 of usmo 
<'OUnter techniques in diffraction. I t is hoped . th1t 
usino- these techniques analyses can be made quick Y 
and <>at least semi-quantitatively. 

(p) Serv·ice W o'.7,.-In c~nne~ion w it_h t~e phosp~~t~ 
£xation studies bemg made m soil chemist1 y and mim o 
biology many phosphate miner ~ls an~ som~ other 
minerals were analysed to cstabh ~h tJ.iell' punty a.nd 
crystal stmcture. -?-- similar_ cxammat10~ wa_s. :ade of 
some manganese rnmerals b~rng 1;1sed to m ves~10 ate tl1e 
availability of manganese m soils (see ~ect10n 3 (c) 
of this Chapter ) . Soils from New Gui'.1ea, Quee_ns
land and Tasmania have been analysed lll connexion 
with' sur veys being carried out in _these ar eas. Cryst_al
lographic and mineralogic~l stud7es have been earned 
out for the South Australian Mmes Department, _the 
Defence Hesenrch Laboratories, and the 0Lcm7cal 
Eno·ineerirw De1)artment of the University of Adelaide. 

b b 

5. SOIL M.ICROBIOLOOY. 

( D ivision of Soils. ) 

(a) ]Vf.ajor Elements and Soil M!croorga1~i..~11~:s-~ 
Using niacro-respirometers developed 1~ the D ivision s 
laboratory, studies were made of the mfl~ence of _the 
availability of nitrogenous 9:nd phosphat1c mater1_als 
upon the respiration of t~e so!! 1mcro£ora. A ~elect10~ 
of inorganic and orgamc mtrogenous m anu1e~ we1e 
tested and classified into three groups dependrng_ on 
their levels of availability : (i) nitrates, am:1Jonmm 
sal ts, urea, asparagine, yeast . extract,. casem, a~~d 
peptone- goo~ sources of av_ailable mtroge~ ; . (~1 )_ 
fun"'al mvcelmm yeast cells, and red clovei-fau l,r 
good supplier s of nitrogen; (iii) cerea) straws, sa,~
dust and o: -humus-poor sources of mtrogen. ThlS 
orcle'r obtained with soil m icroorganisms, closely 
paral]els that found for plants. 

Numerous phosphatic fertilizei:s . and_ organic 
phosphates were also tested and d1v1ded mto three 
classes : ( i) alkali phosphates, superphosphate, serpen
tine-phosphate, silicophos1?hate, glyceroph?sphate, and 
nucleic acid- readily available sources of phosphate ; 
(ii) basic slao· ferric phosphate, dicalcium phosphate, 
defluor inated 
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~·ock phosphate, aluminium p~~sphate, 
and lecithin-fair suppliers of phosphate ; (m) rock 
phosphate an~ ph_ytates-p_oor sources of _p~osphate. 
A.,.ain the soil m1croorgamsms behaved similarly to ::, 

plants. 

A number of phosphatic minerals containing calciu1;11, 
iron or aluminium were checked by X-ray analysis, 
thc1; bioassayed for available phosph~te. None w~re 
o-ood sou1·ces of phosphate ; the mmerals brnslute, 
~ewbcryite, and vivia.nite provi~ed fair . amou11:ts . of 
phosphate ; but :wavellite, turquoise, lazuhte, var1s~itc, 
streno-ite dufremte fluoro-cbloro-, and hydroxyapat1tes, 
and 
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rno~azite we;·e poor ly available. In general, 
phosphates \\· ith the metal tetrahecl_mlly co-ordinated 
were more available than those with hexagonal co
ordination. 

( b) Rhizobium-Olover Sfod,i~s--S~udies hav~ bee~ 
made upon the virulence and mcurs10n of strarns of 
R11izobi111n trifol,ii. Prelimiuar:)'. ~ests haYe been _made 
of the patterns of v irulence exlub1tecl by 40 str~ms of 
rhizobia isolated from a mm1ber of sµecies of 
Trifolimn. Upon inoculation back on to a range of 
dover p lants grown under aseptic ~onclitio_ns in te_st
t.ubes, strains which tended to be highly virulent, 1.e. 
produce sufficient infections to give rise to abundant 
nodular tissue, genernlly exhibited this property over 
each of the four test species used, v iz.: T . subtermneum, 
'l.'. cm·nmmi, T . a.lexandrinilm, and T . fragiferum, 

although 11 f ew exceptions were noted. The tests ~ro 
being extended to fu1:ther clov~r species. Comparatrve 
field and pot cxpenments with sub!err~nean_ clover 
ktYe sho\rn that strains of R!i·. irifolii which are 
effective tmder glass-house cond1t1ons are not alw~ys 
effective under field conditions. Conversely, strams 
which give good responses in the :field ai:e . not alwaj:s 
highly elfoctive under glass-house ?ondit10n?. T~11s 
illustrates the importance of assesslllg the lllc11rs1ve 
properties of the bacteria before using them for seed 
inoculation purposes. 

(c) J?•tacl'ionizat,ion of S~il Humus,-:This work is 
eoncentratcd 011 trying to isolate protc1ns and poly
saccharides from soil humus by electrophoresis. 
P rotei11s were 11ot detectable on paper electro
phoretogran~s of so~lium hum ate b~ the brom~phenol 
bluo-mercunc chlonde method. 1he mecham~m o_f 
this test for proteins was studie~ to impr?ve it., sensi
tivity. Using a number of_punfi.ed pr?tems_ a1~d dyes 
it was found that the affimty of certalll an1on1c dyes 
depended 01~ cationic groups on_ the proteins, so ~h~t 
basic protems stamed more llltensel_y tba~ . acidic 
JJroteius. Vyeing was enhanced by_ ~a1rly acidic con
dit ions which increased the positive charges and 
reduced the ne<>'ative charges on the proteins, but 
diminished by 
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alkaline conditions which _had the 
opposite effect on ionizing woups on the I_Jr_otems: ~l~e 
presence of other anions did not competitively mhib1t 
the adsorption of <lye. Insoluble esters of . num~r?us 
amino acids were prepared and tested for then· stumrng 
reactions. E sters of the basic amino acids histidine, 
ar"'inine lysine, and homocystine dyed more intensely 
th~n th~se of other amino acids. Despite efforts to 
destroy iruidazole, guanidine and (-amino groups on 
proteins by specific r eagents, dyeing remained fairly 
good. 

Aqueous solutions of dyes wetted the protein 8pots 
on papel' poorly, resulting in patchy colours. Th_is 
was oYercome by adding detergents but better still 
by using aleoholic solutions of the dyes. Bromophenol 
blue-acetic acid-ethanol \\'as the best of 40 dyes tested, 
since the proteins were dark blue against a. white pape1· 
backgroum1. Others which were fairly good included 
most othrr sulphonphth::ilein pH indicators, Solway 
purple, Solway green, and Oarbolan yellow . . Light 
green, metl1yl green, and naphthalene black 12B were 
poor since they left too much background colour . 

Polysaccharides were not detectable on electro
phoretograms of sodium humate run in borate buffers 
over glass cloth instead of paper , and the reasons for 
this fll'C being investigated. 

( d) U.ridalion of Hydrocarbons by Soil .Micro
o,·ya.ni.s111s.-Paraffin-oxidizi11g organisms are common 
in Adelaide soils, especially those under grass. 
J~ucalypts arc known to be rich in hydrocarbons, but 
grasses are uot, therefore an investigation has been 
started to find the types of hydrocarbons utilized by 
bacteria. isol ated from soil. All isolates were tested 
for their ability to oxidize straight-chain aliphatic 
bydl'Oca1·bons and one unicle:n.ti:fi.ed, Gram-positive 
bacterium was selected for studies on intermediary 
111ctabolism. 

The V{ arburg respirometer was used to t;st the 
rtbilit.v of this bacterium to oxidize the following 
straight-cha in, aliphatic substances : saturated hydro
rarbons ( C,; to Orn), unsaturated hydrocarbous, fatty 
ncids, aldchydes, alcohols, and amines. The ability 
to oxidize the following ring compounds has also been 
measured : saturated and unsaturated hydrocarbons, 
aromatic acids (substituted and unsubstituted). Tests 
have also been made of the simultaneous osidation of 
mixtures of cer tain hydrocarbons. The effect of many 
inhibitors and of phosphate deficiency upon oxidation 
of hydrocarbons and derivatives has "been noted. 
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Plant5, whetlier in the form of crops or pastures, are 
the basis of ever,v agricultural industry, and viewed 
in pcrspccti ve grnss is Australia's most impor tant 
primary product. The Organization has placed con
siderable emphasis on investigations of plant problems 
at the Di vision of Plant Industry, which has its 
head-quarters in Canberra and is the Organization's 
oldest Division. The work of the Division, which has 
experimental forms and field stations throughout the 
Commonwealth, i,; described in this Chapter. 

Allied work Oll mineral nutrition of plants carried 
out by the Division of Biochemistry and General N ut1·i
tion is described in Section 11 of this Chapter. 

Work on special local problems of inigation _districtti 
is undertaken at the Commonwealth R esea rch Station 
(}[urray Irrigation Areas) at :Merbeiu, Victoria, and 
the Irrigation Research Station (Murrumbidgee Irriga
tion Areas) at Griffith, New South Wales (see Chapter 
I V.) . 

The D i,·ision of E11tomology is can ying out work 
on weed control, in~ect pests of pastures and crops, and 
insect vecto rs of virus diseases (see Chapter IX.). 

The Land Research and Regional Survey Section 
is carrying out broad-scale ecological surveys in the 
underdeveloped arid and semi-arid regions of the con
tinent, to assess thei r laud-use potential and investigate 
problems of agricultural and pastor al development. The 
work on these regional surveys ~s reported in Chapter 
XL, Section 2, and the Section's investigations on 
crops, fertilizers, plant <liseases, tillage, and native 
and introrlncerl pastures under dry-land cultivation nt 
the Katherine I'tescnrcb Station, and under inigation 
at the Kimberly Research Station, are reported in 
Chapter XI., Section 3 el seq. 

Research on biophysical aspects of plant growth is 
being undertaken at the Physics Department of the 
University of Tasmania and is reported in Section 22 
of this Chapter. 

Division of Plant Industry.-The research work of 
the Division is concentrated on problems which are 
fundamental to agricultural production in Australia. 
In this it is complementary to the activities of th.:i 
State Departments of Agriculture, whose particular 
function it is to serve the more immediate needs of the 
agricultural industries. 

Because of the great importance of pastures in the 
1\ustralian economy and also because of the difficulties 
of establishment, utilization, and maintenance of im
proved pastures, many of the Division's activitic;8 
directly or indfrectly serve the pastoral industries of the 
Commonwealth. However, research work on other 
crops which require a particular effort in their intro
duction, establishment, or management, is included in 
the programme. 

Agronomic and agrostological research is thus the 
first line of the DiYision's activities. Complementary 
to t his work studies are in progress of a more funda
mental nature designed to contribute to general know
ledge of plant life and plant production. 

R esearch in genetics has been re-established in 
Canberra during the past year. Studies have been com
menced on tbe processes of genetic adaptation by which 
introduced plants are fitted into new environments, with 
reference initially to important pasture plants in 
southem Australia. The microbiology team has also 
been both enlarged and reoTganized. 

Considerable expansion has taken place in the work 
in agrostology and agronomy in Queensland where tho 
Division now has, under its Associate Chief, D r . J . 

Griffiths D avies, a team greatly strengthened by new 
appoi ntments and iransfers of staff from Canberra. 
l(esearch which is to open up the coastal lowlands of 
south-eastern Queensland fo r intensive pasture develop
ment has made good progress. Nutr ient deficiencies 
and their effect 011 the establishment of promising 
legume.~ and their Rhizobium symbionts have been 
further elucidated. 

A significant discovery at Canberra indicates that 
tlovers may compete wi th grasses for the nitrogen 
which they themselrns assimilate and that in fact gras3 
development may suffer from competition for nitrogen 
by the associated clover. To keep legumes at full 
efficiency of nitrogen assimilation, it seems necessary 
to utilize the nitrogen they incorporate in the soil, 
cit.her in the shape of hay removed from the area 
or by crop ping. 

The first building extensions to the head-quarters 
laboratories at Oanbena are completed and several of 
the Division's activi ties are now adequately accom
modated. 

The Chief of the Di vision, Dr. 0. H . Frankel, paid 
a brief visit to the United K ingdom, Europe, and the 
United States in an endearnur to advance the Division'.3 
search for both senior and j unior resear ch personnel in 
a number of fields. Several new appointments have 
resulted. Dr. Frankel represented the Organization at 
the Ninth International Congress of Ucnetics at 
Bellagio, I taly. 

Mr. C. M. Donald, Assistant Chief of the Division 
and leader of the rei\carch group in agronomy and 
agrostology in southern .\u.~tral ia, was appointed 
Professor of Agriculture in the Uni\'Crsity of Adelaide. 
Hr has been succeeded by ~h. R M . Moore. 

The Division continued it~ co-operation with many 
State and Commomrenlth Departments and universities 
and with overseas organizations. 

Li a project join tly sponsored by the Food and Agri
culture Organization and the Commonwealth Scientific 
and I ndustr ial Research Organization, an officer of the 
Division was charged with collecting pasture species 
of interest to both Australia and the Mediterranean 
countries in which the collections are being made. 

The Division continued to provide both long- and 
short-term specialized training to holders of :F.A.0. 
Fellowships and of Fellowships under the Common
wealth T echnical Assistance Co-operation Sebero~. 
Senior agricu ltural officers from Chile, Cyprus, India, 
and Israel spent from two to nine months with the 
Division. 

2. PLANT INTRODUCTION. 
(Division of P lant Industry.) 

(a) Plant Introduction and Exchange.-The intro
duction of new varieties of plants from abroad was 
car ried out on a restricted scale. This was largely be
cause facilities were fu lly taxed. Introductions from 
previous plant exploration in tbe Mcditenanean region 
and in Africa were still awaiting trial in quarantine 
nurseries at the beginning of the current year. How
e,·c1·, all have now been grown, while more intensive 
studies were made of selected groups. There was an 
increase in demand for Australian seed samples from 
overseas countries, and also for the dist1·ibution of seeds 
of promising introductions within Australia. 

(b) Overseas Plant Exploration.- The experience 
gained from previous plant exploration in the Mediter
ranean region made it clear tha t a much more detailed 
collecting expedition was required in tbo,.e areas which 
a rapid sun-ey three years ago showed to be of great 
value to Australia. Further it was evident that the 
Division was able to give substantial assistance to 
lvfediterranean countries in developing their o,rn in
digenous pastw·e plants. This led to a project jointly 
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~pousored by . .l!' • .A.Q. allCI, the Organizatiou for a plant 
collecting expedition to 1wrth Africa and the Medi.ter
rnneau i·egion. 

The first stage of the work involved smvey visits to 
L ibya, Algeria, and Morocco. During those visits con
tact was made with local agr icul tural and botanical 
research workers . Botanical collections are being mad(.' 
and root nodules of · leguminous species have been 
collected for rhizobial isolation. Collections will be 
m_ade of potentially useful pasture plants, including 
species of Phalaris, Lolium, J1ed·icago, 1'rifolittm, and 
Oactylis. These oollections will ?upplement previous 
collections from the Meditcnanean region. 

A study of diffetent techniques in the collection, 
packing, and transport of legume nodules is proceeding 
to determine the most suitable method of t ranspor ting 
~uch material oYer long distances, and of ensuring its 
~nryival for a long period of time. The results of this 
~tudy will be u tilized to ensure that the most effective 
nodule strains a1·e obtained when.ever a leguminous 
plant is introduced for trial. 

(c) 1tgronornic Trials.-Agronowic: trials of new 
~ml old introductions Lave continued a t Hll c,mtl'es. 
At Brisbane and Perth new introductions were under 
trial for the first time. Several of these show promise 
but further work is required. 

Introductions which have previously shown promise 
underwent further tests at both the primary introduc
tion stations and various regional centres. At Kojonup, 
Western .Australia, a special search is being made fo1· 
poron.nial pasture plants able to survive the long dry 
~ummer, a nd also for annual grasses which might use
fully replace Wimmera ryegrass in some of the pastures. 
Two introduced strains of cocksfoot proved particularly 
valuable in the south-westel'n portion of Western Am
trnlia. Seed supplies were built up and the varieties 
have been released for general distribution by the State 
Department of Agriculture. 

The value of Soi·ghum almmn as a pasture plant i u 
rhc drier areas of northern N cw South Wales was con
firmed during the year. In large-scale trials in the 
:Moree district t his grass canied stock at the rate of 
more t.han one animal per acre throughout the year. 
However, in other areas there were some stock losse11 
from cyanido poisoning arising from the particularl,y · 
adverse climat!c conditions which were experienced. 
:Further when gr own in tho areas of higher rainfall 
son1e of the plants of Sorgh1tm almmn developed long 
Phizomes and could therefore be a potential weed · of 
agricultural land. Efforts are being made to obtain 
strains of the grass free from these defects to permit 
of its utilization over a wider area. 

(d) Plant Growth Stmlies.-The growtl1 and 
development studies of selected groups of pasture plant 
u1troclnctions from the :Meditenaneau region reported 
last year were extended. The phenological development 
of these ~ntroclnctions, both at Canberra and in Pertb1 
showed close relationship to their place of origin, but 
several exceptions havo occurred which suggest that 
explanations niust be sought in a study of temperature 
11ncl light.. B:y <'ontrast there wa~ an aJmo;;t complete 
absence of any apparent correlat10n of morphologicnl 
d1&raoters with place Qf origin. 

To obtain more quantitative information about the• 
growth cycle in some of t.lie ii1trodncecl strai11s of 
Ph,alaris, large single-plant populations were ostab
lisl1ed at Canberra. , In Perth the IDl\in emphasi& has 
been on defoliation ~tudies on an individual plant basis, 
t,Q ~upplement t h e preUmtnai·y agronomic ass(lSSlllElllt 
made during the first year\ trial. 

Owing to unfavorable climn,tic conditions e.,perienc~ 
on the N orthenl Tablelands of N ~w South Wales, it 
\\'as 110t -po~~ihle to r.,1tRhli~h similar w.01·k in the 

A1•J.Uidale distric& ou t1 1:l same scale. However, a pre
liminary assessment of some of the strains of Phalaris 
indicates that they have considerable superiority over 
comrnercial strains of this grass at Armidale. 

(e) Plant Geoyraphy.-The large-scale vegetation 
lllap of Australia completed last year was checked and 
amended before going to press. 'l'his map incorporates 
ucw informat ion provided b,y recent surveys, and will 
be used as the Lasis for a more generalized map to be 
published iii a revised edition of "The Australian En
vironment". Apart from its direct value as one section 
of an at las of Australian resources this work will serve 
as one basis for the critical compar ison of Australian 
regions with others overseas. 

A study a imed at understandjng the effects of the 
major climatic elements on plant distribution and 
development is in progress in Queensland. As a result 
of a very detailed investigation of all available data 
regarding plant growth under varying climatic condi
tions, an integrated theory has been formulated of the 
cf-feet of temperature, light, and day length on plant 
growth . This theory is being further developed and is 
being used as the. basis of a revised climatic map of 
Australia which will be of fundamental significance in 
pla.nt growth studies. 

3. GJ~!\' ETICS. 

(Division of Plant Industry.) 
(c4) Trifolium ·subterraneum.-(i) Breeding.-Sub

terraneau clover is difficult to hybridize by the usual 
mechanical methods. Optimum .germination of sub
terranea1t clover pollen on arti-£.cial media occurs at 
humidities above 95 pm· cent. and at temperatures 
lictween 20 and 25° 0. Thus crosses are more successful 
i.n early spring duru1g cool, showery weather . Emascu
lation is clone by rcmo,ing the fold<Xl corollas with 
attached stamens and anthers in the early bud stage. 
The exposed stigmas arc then pollinated on several 
successive days. If the weather is warm and dry, the 
plants are kept in cool and moist conditions. 

Using the improved hybridi7,ation technique, pro
genies fron1 crosses between selected varieties were 
dc\'(~lopcd. The best agronomic phenotypes occurred 
in tl1e c1·os.ses Tallarook x Dwalganup, Ta11arook x 
X 01·tham First Early, :Mount BarkP,1· x Dwalganup, 
and ]\fount Barker x Nortl1am First Early. A num
ber of thr :E'~ segregates combined vigour nnd density 
with early flO\rcring. These hybrids m:.iy prove to be 
better than the early var ieties now in uso. 

A. mosaic disease found in the Canberra area and 
l'lsewhcre i .;; caused by Phaseolus virus 2. The :majority 
of tlle varieties gave a mottle reaction when inoculated 
with this vu-u;;, but Northam First Early, Dwalganup, 
aHd ]?ink Flowered reacted with lethal necrosis. These 
let.hnl-reactors had a high ficl<l resistance to the virus. 
Crosse>< between mottle-reacting varieties gave F 2 pro
g-ouie.s with mottle reactions, while c·ro;sscs between a 
1m,ttlc-reactor and a lethal-roartor bad a preponderance 
of lethal-1·cactol's in the F 2• The most promising crosses 
wns Tallarook x Nor tham Fii·st Ead;v, !lince a quarter 
of tl1e F ~ vrogcny were highly resistant to hand inocula
tion wi tl1 Phaseolus 2. 

(ii ) Studies in, Nttt'lira/ SeZection.- ]?reparations are 
in progrcs.~ for studies of plant adaptation and response 
io 1111tnrnl and artificial selec·tion. ~\ studv will be 
made of rhe rates and di rections of change of different, 
characters ru hybrid J>opulations derived .from many 
diverse crosses which are to be exposed to different 
cnvirom.nental treatments. Similar mixtures of plants 
will be exposed to a range of different types of natural 
environments-many of them marginal for the species 
-to encourage the natural selectio,u of adaptive types. 
These studies must lead to a bQtter understanding of the 
proce1,~e;; of adaptation, which in turn will provide 1:1 
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fulle_r u~den,tandiug of wethods of sue<:essful intro
duction m other species and genera; tliere a1'e also good 
prospects that they will produce strains of agronomic 
value in marginal r.ones which will allow of the e~pan
sion of the area in wbicb t.his valuable pasture species 
can be grown. 

Preliminary experiments are in progress to assess 
the problems o:f measurement and sampling, and to 
devise methods to induce flowering and seed setting 
twice a year by Yt'.'J"Ualization and photoperiodic treat
ment, which would accelerate the early stages in breed
ing studies. Hybridization and seed multiplication 
are being continued on a lal'ge scale to provide seed 
for the experi10ents 011 plant adaptation. 

(iii) Autotetraploidy.-The iJ1duced tetraploids of 
the Dwalganup, Cranmore, Mount Barker, Wangaratta, 
and Tallarook varieties bacl coarser and larger leaves 
than the corresponding diploids. Only in the Dwal
ganup variety was dry matter production increased by 
tetraploidy, the increase beiJ1g 60 and 65.5 per cent. at 
flowering and maturity respectively. In all varieties, 
reduced seed setti11g followed autotetraploidy, but in 
Dwalganup, owing to the increased number of flower ~, 
the yield of seed per plant was not affected. 

(b) Phalaris.-The allotetrnploids, from P. caeru
lescens x P. minor (2n = 42) are annuals. The allo
hexaploids from P. h1berosa x P. rnino,· (2n = 56) are 
perennials and appear to be promisiJ1g pasture plants 
owing to their ea rly vigorous growth. Bul k selections 
of the desirable segregates from the l atter are being 
allowed to intercross naturally to build up seed supplies. 

( c) l.,,ucerne.-~\ collection of Australian l ncerne 
ecotypes has l)een made and will be extended. A study 
is being made of the character differences between these 
ecotypes. A hybridization programme is planne<l with 
the aim of producing a· type of lucerne which wilJ be 
suitable for grazrng- in the drier pasture areas. 

(d) White Glo11e1·.-A world sur vey of white clover 
hJs shown that the gene frequencies for the cyanogenetic 
glucosicle lotaustralin, and the enzyme linamarase which 
liberates bydroc,yirnic acid from the glusocide, are 
related to winter temperatures. A similar survey is 
being made on altitudiJrnl populations of white clover in 
Australia. 

( e) Inters7,ccific H,11bricl ization.- A proToamme of 
interspecific hybridization in the Australi;n grasses is 
planned. This work is hampered by a general absence 
of basic cytological information. To bring together all 
the known information a list of chromosome nmnbers of 
A.u.stralian plai1ts is being prepared and chromosome 
numbers arc being determined in the following "enera: 
Stipa, Danlhonia. T1·i_otlin . TTordemn. Oenchr~s, and 
Chloris. 

Hybridi:mt ioJ1 is being attempted between H ordeurn 
b7tlbo.,1wi and JI. milga,·e in an effort to produce a type 
of H . bulbosmn witl1out its present undesiJ-able awn 
characters. 

(!) Cytological_ Poly-morphis1r:,.-lt is uow fairly 
clear that cytologrnn l polymorphism plays an adaptive 
rol e in the evolution of genetic systems althouo-h the 
m;act mechanisms of the a.claptiYe processes a~e not 
yet clear. ,A g!·assh_oppei· ( Cr'!/pthobothrus chryso
phorits) wb 1el1 1s widespread 111 easterll Australia 
exhibits in its uatmal popnlntions Revera] alternativr 
types of cytological polymorphism. Populations from 
the Canberra plains ( elevation approximately 2,000 
feet) have ~up_m:numerary chr01~osomes in 20-30 per 
cent. of the md1v1dnal.3. Populations from the adjacent 
Brindabella rnnge ( 4,000-4,600 feet) show an entirely 
different type of c:ytological polymorphism. In these 
"mountain" populations supernumerary chromosomes 
are virtually nbs<'.nt but unequal chromO$Ome pairs 
( owing to the prPsrnce of extra heterochromatiu in on!' 

homologue) are extremely co~mon. l n addition a 
pericentric inversion which lS common in some 
" plams " populations has not ·been found in the moun
tain populations. The species thus seems to consist of 
two races with different mechanisms of adaptive poly
morphism. 

Supernumerary chromosomes have been found iu 
,mother grasshopper (Atractomorpha crenaticeps aus-
11-alis). Preliminary results are of considerable interest. 
Populations in the Canber ra area Jrnve a mean of 
npproximatel_y 1.5 supernumeraries per individual, as 
many as four being found in some insects. This i ~ 
a considerably higher frequency than in any other 
~pecies of grasshopper studied until now. Since some 
other popul~tious of A . c. australis and a. colony of 
A. c. crenat-iceps near Sydney have few or no super
numeraries, i t seems that conditions in the Canberra 
:1rea favoured a striking build-up of these chromosomes 
in the population. These studies will be continued 
with particul ar reference to altitude and distance from 
the coast. 

Structural h eterozygosity for pericentric inversion~ 
has been found in several species of the grasshopper 
~<'nns Jvloraba. Work on this genus will be continued. 

(!/ ) Chiasrna Localization.-The restriction of 
genetic crossing-over to certain regions of the cbromo-
80mns leads to the phenomenon of chiasma localization. 
This is probably more widespread in plants and animals 
than bas been generally supposed and its role in the 
genetic systems of those species where it is strongly 
developed is far from being understood. 

Preliminary studies have been made of ebiasma locali
zation in several species of the Australian grasshopper 
genus Austroicetes. Distribution of chiasma is signifi
cantly different in A. vulgaris, A . crnciata and .A . 
pusilla, with nn unusual type of localization in A. 
l'ltlgaris. 

4. GENERAL BOTANY. 

(Division of Plant Industry.) 
(a) Structural Botany.-Further work has substan

tiated the morphological sequences of the development 
of spikelets in basal sterile speltoid wheats reported 
last year. Studies of the histogenesis of spike, spikelet, 
and flowers in both normal Triticum vulgare varieties 
and the speltoids have now been completed. Flower 
primordia or igmate in the division of a plate of the 
cells in the subhypodermal l ayer. The lemma, palea, 
carpel, and lodicules develop from division of cells 
c,f the dermato;;cn and hypoclermis in the same way as 
foliage leaves. The stamens origrnate rn subbypo
dcrmal tissue. Complete sterility in the speltoid types 
may arise either as failure to initiate flower priroordia 
or as failure of primordia before floral parts have 
differentiated. T he production of incomplete and 
therefore sterile flowers originate,-, in the failure of the 
flower primorclium at a very en 1·ly stage to differentiate 
floral parts. 

Sterility in two types, St1 anrl Sh, increases from th o 
tip of the spike to the base, but in a third type of 
different origin, St1A, sterility is greatest at the centre 
of tl1e spike and fertili ty increases progressively both 
towards the apex a nd base of the spike. E xamination 
of St1A in the early stages of spike development will 
he made during the coming season for comparison with 
St1 and St2. 

Trials with St2 varying the supply of n itrogen, phos
ph_orus, potassium, zinc, and boron materially affected 
spike development, size, and yield, but did not alter 
tho pattern of sterility nor materially affect i ts 
percentage. 

(b) Systematic Botany.-Tbe herbarium received 
ma1:y accessions, particularly of New Guinea plants, 
durmg: the year. To meet difficult problems of accom
moda h on nnd also to facilitate the use of the specimens 
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for scientific stuc!y of the New Guinea flora, the New 
Guinea material has be<::n separated from that in the 
general Australian herbarium. 

The systemati!! botanist who is abroad at the Kew 
Herbarium is revisillg important groups of Australian 
plants and preparing a flora of the Australian Capital 
Territory. She has also arranged for the photographing 
of many type specimens of importance to Australian 
botanists as well as of the journals and diaries of 
Robert Brown. Positive microfilms of tome of these 
manuscripts have already been distributed to some Aus
tralian herbaria. 

5. M1CROBIOLOOY. 

(Division of Plant Industry.) 
(a) Phylopathology.-(i) Studies on Infection 

Mechanisms Usin_q Phytophthora infestans.-Inocul_a
tion experiments with leguminous plants (Acac!a, 
Cassia. and Erylhrina spp.) showed tlrn t the parasite 
penetrates the leaf epidermis, but is checked by a severe 
"defence" reaction which is similar to the local lesion 
reaction known in cereals in fested with rusts and some 
other fungal parasites. Since these legumes are inrli
genous to semi-arid and arid regions of Australia and 
have never been in contact with Phylophlhora, their 
reaction cannot be the result of "adaptation " . TJ1 is 
indicates that there are two factors inrolved in the 
establishment of a parasitic population : (i) the affinity 
of the host; (ii) the response of the host tis.sue to 
infection. This re~ult throws new light on the mecha
nism of resistance to infectious diseases. 

(ii) A nlibiot-ics.-Systcmic absorption of strepto
mycin by both potato and tomato plants was found to 
lead to a change in reaction of the host to infection by 
the fungal pathogen, Phylophlhora injestans, tl1e 
casual or0 ·anism of late blight. Streptomycin prevents 
developm~nt of the pathogen afl:er infeC'tion. Different 
crgans react in different ways and in leaves the effect 
ii1crcascs with decreasing age. 

The effect on the host is uot one which gi,es general 
p rotertion again.,t fungal patl1ogcns. Potato plants 
treated "·ith high concentrations of streptomycin for 
lou(l' periods were bea l'ily infected with powdery 
mil7lew. Work planned included studies on other host
pathogell combinations and on the effects of other sub
stances on disease development. 

Using tomato plants to study the mechanism of sys
temic absorption of streptomycin by higher plants, 
it was shown that streptomycin is read ily absorbed 
from nutrient solutions, and becomes evenly distributed 
throughout the plant. Phytotoxicity is marked. The 
severity depends upon concentration, time of exposure, 
age, and type of tissue. Streptomycin _docs not appear 
to be toxic when sprayed at weekly mtervals over a 
period of three months. 

Chromatographic analyses of extracts of dried leaf 
tissue show that a la rge proportion of the absorbed 
material is unchanged. Bioassays on the same material 
indicate physical absorption of streptomycin within 
the plant. 

Further trials for tl1e control of dollar spot of tmf 
esta blishcd the su periol'ity of P .A.C.A. ( phenylam ino
cadmium acetate) over _actidione as a control measure. 

(iii) Plasmopfyfic Effects of Sap on Zoospores.
Sap from potato tubers was shown to contain a chemi
cal factor which causes plasmoptysis of Phytophlhora 
zoospores. I nvestigati?ns o[ its chem~cal nature, 
specificity, and connexion with host resistance have 
commenced. 

(iv) Electrodiagnostic Shulies.- Tissue of potato 
tubers infected with Phylo phthora infestans or 
Pythimn ullirn111n sh~,,:s a marked inere_ase in_ con
ductivity. Conductivity increases nnmediatcly 

Pythiurn establishes contact w~th the host tissu~, but 
remains normal at this sta "e 111 Ph yf-ophthora mfec
tions., the rise in conductivity being signi-6.ca.ntly 
delayed. 

In tu hers interacting with Phylophl hora . in a para
biotic fashion, conductiYity r ises Yel'y quickly after 
the parasite has establishe~ contact. with the host cells. 
This result conforms with previous work on the 
differences between the reactions of varieties of different 
resistance to late blight. 

(v) Environment and Disease.-Obs~rv~tions on 
the incidence of brown rot of peaches md1cate that 
a factor other than weather is responsible for the great 
differences between incidence of the disease in adja
cent trees. Further observations during the Levis 
Cling picking season in the Goulbum ai_1d :M~1-ray 
River valleys in Victoria suggest that soil moisture 
differences due to differential absorption of rain-water 
by sandy soils and loams is the overriding . factor. 
Brown rot is destructive in waterlogged s011s, bnt 
causes negligible loss in loams with low permeability. 

Pot experiments to study the control of take-all of 
wheat indicated that rotation of crops controlled take
all "'hereas the addition of some fertilizers did not. 

(vi) Virus Investigations.-Tbe co-operative pro
gramme of assessment of virus chemotherapeuta~ts, 
reported last year, was abandoned after a tentative 
bioassay with tomat? spotted . wilt viru~ ~nd pot~to 
virus X had been devised and given a prehmrnary tnal. 

A detailed report was prepared on the experience 
<Yained usin"' tissue culture techniques in virns investi
~ation. The potentialities of this field for certain 
lines of work are considered to be good, its greatest 
advantao-e bein(l' the possibility of precise control of 
the envi;onment of the infected tissue being studied. 

Nucleus stocks of virus-free potatoes of the varieties 
Up-to-Date. K atahdin, Sebago, Snowflake and Rismark 
that hnd been grown annually in isolation at Paddy's 
Rircr, Australian Capital Tenitory, for experimental 
use, were maintained. 

Tubers of the virus-free clone of Green Mountain 
(Early Carman) potato deri,·ed by malachite green 
treatment as reported previous ly were planted for 
multiplication, so that distribution could be made 
to in tercsted parties. 
_ (b) Hhizobium Research.-I nvestigations included 
a survey of host · and bacterial strain variation -in 
symbiosis in subterranean clovel' and a study of host 
resistance to infection in Tr-if olium ambiguum and 
some other species. 

(i) Symbiotic Varialion in S11b/erranean Clover.
A number of diploid and tetraploid strains of the host 
have been examined as well as F 2 families derived from 
crosses between them. Clover strains · and iudividual 
_plants vary in their symbiotic effectiveness and in the 
number and disposition of the nodules formed upon 
their r oots. F urther work will be directed towards 
genetic analysis of this variation. Tetraploid races 
of host were found in evel'y instance to nodulate more 
sparsely than their diploid counterparts. 

(ii) Nodulation.-Ineffective noclulation in newly 
established pastures at Deniliquin, New South Wales, 
was suspected of being a contributory cause of poor 
clover development. Tests showed that the proportion 
of ineffective strains present was too small to be of 
any significance. 

Pot experiments at Canberra using undisturbed 
cores of soil from Armidale showed that the native 
plant association has no influen ce on clover establish
ment. I n confirmation of field observations made at the 
R egional Pastoral Laboratory, Armidale no ecological 
correlations were found. ' 



Fur ther work on establishment is to examine the 
hy potl11~sis that early acce.ss of the bacteria to the 
seedling roots is essential to success. This is being 
experimentally investigated by artificially delaying 
inoculation under glass-house and :field conditions. 

(iii) Host Resistance.-Jfost resistance to infection 
is of two kinds : (i) resistance to all strains of ~odule 
bacteria; (ii ) resis tance to strains normally virulent 
with another host species or group of species. Both 
types nre bei11g investigated by grafting and _bybridi~
i11g resistants and susceptiblcs to determme their 
gcnetical and physiological relationships. Trifoli~tm 
ambiguitm has been chosen to represent the first kmd 
of resistance, and species of Phaseol·us. from the bean 
and from the cowpea cross-inoculnt10n groups as 
cxnmplcs of the second. 

All strnins of Trifolimn ambigumn showed poor 
se('d set and some of the crosses made between them 
were incompatible. It bas since been found that these 
strair1:1 form a polyploid series and with this in mind 
l'euewC'd attempts at multiplication will be made _in 
1954. Some of the 'l'rifol·imn ambiguum strams 
rrrnained wholly r esistant to infection when planted 
iJ1to soil with a rich rh izobial flora, whereas others 
fnl'med some small ineffective llodules. 

(ir) Bacl.crial Slrain Variaf-ion.-Nodule bacter ia 
diifrr in host. spe:·i ficity, Yir11lenc:e, and capacity to fix 
nitrogun in the 11odule, all of which are impor tant in 
t he pi·actic:e of seed inoculation. Experiments are in 
progress to investigate strain stability dur ing passage 
th rough the host plant under laboratory and other 
cultul'al conditions. Results obtained show that varia
t ion in virulence and effectiveness occurs more com
monly than is generally supposed but as yet there is 
no evidence of any influence of plant passage. 

The type cultlll'e collection of species of Rhizobimn 
is being waintained and extended. Isolations have 
been successfully made from dried berbarium material 
sent by plant collectors by air from the :M:editenancan 
and northern Australia. 

(v) l'he Anato,ny of Symbiol·ic Go1npat·ibility.
In much of the above work the fundamental com
patibility of plant and bacteria is involved. P re
limjnary anatomical and cytological work shows that 
symbiotic ineffect iveness in subtcnanean clover does 
not always a r ise from premature degeneration of the 
bacteroicl-containing t issue of the nodule as iu red 
clover and some other species. The bacteroids within 
the infected cells of the nodule hn ve modified cell walls 
and contain centres of strong oxidizing activity. ,\ 
cc1mp:natiYe study of the no<lulrs of selected l ines of 
red rlo\·er, subteJTanr:m elovPr, nnrl hnn mediC' iF- in 
I >rog1·es.;;. 

( e) · Soil M·icrobiology.-The effect of microbial 
artivity on phosphate availability is being examined. 
Conditions have been determined for optimum acid 
production by a mixed microflora during the decom
posit.ion of carbohydrate in soil, These acids appear 
to decrease the amount of phosphate retained by a soil 
high in iron oxide but do not appenr to release fixed 
phosplrn te from such a_ soil. 

A stucly of the oxidation of manganese sulplrnte by 
soil rnirl'o-ol'ganisms is continuing. Manganese oxide 
formed by a soil bacterium has been produced in a 
c-lirmically definer! medium. This oxide has been shown 
to he an a Ya ilable sonrce of mallgancse for oats grown 
i11 nn otherwise manganese-deficient sand culture. 
Studies of the mechanism of manganese oxidation have 
shown Lhat a suspension of bacterial cells in distilled 
,niter can oxidize a d ilute solution of manganous sul
phate in fo,~ minutes. The ~ffe~t of. beat and :7arious 
poisons indicate tl1at the ox1dat10n 1s m1zymatic. 
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6. FRUI T I NVESTIGATIONS. 

(Division of P lant I ndustry.) 
(n) At. Houo,rf.-(i) Physi.olo,gy of Apple Fruit 

in Eelat·ion to Storage Disvi·ders.-Most work is centred 
on a study of the effects of manurial treatment on cell 
size and physiology in relation to keeping quality. 
Plots of J onathan variety are being treated with nitro
gen ( as urea sprays) alone and in combina tion wit.h 
phosphorous and potassium. There are two periods 
of application, just after petal fall during the period 
of cell division and in January during the period of 
maximum cell enlargement. 

The response in nitrogen content of fruit to the 
application in spring is negligible, but the response to 
the application in summer is substantial with a corre
spondillg decline in colour. The increased nitrogen 
content is distr ibuted between insoluble and soluble 
nitrogen. This increase in nitrogen content is reflected 
in increased insoluble n itrogen content per cell but 
does not give an increased respiration rate per cell. 
If the insoluble nitrogen is all protein, the respiration 
per unit protein is reduced. There has been no indi
Nltion that the addition of potassium or phosphorous 
influenced the level of nitrogen absorption or the pro
trin : soluble nitrogen balance. 

The effects of adding growth substances in the earlier 
sprnys are being studied. Sprays of the growth sub
stauces dtll'iug the period of cell division increased the 
cell number per fruit relative to fruit size. In spite 
of the o-cnerally low level of disorder in 1953, there was 
a parallel reduction in disorder relative to fruit size. 
Tl.tis response will allow of further work on the theory 
that keeping quality is related to relative cell siz~, 
which has impor tant implications in relating frmt 
rlevclopment to tree nutr ition. 

The positive correl ation between mean fruit size 
per tree and mean cell size per tree has also been 
shown to bold for mean fruit size per tree and mean 
r rll size in a fixed frui t-size group. 

The general relationships shown in 1952 between 
cell size and protein nitrogen content; between respira
t ion per cell and protein nitrogen content; between 
cell volume and i11cidence disorders; and between 
protein and soluble nitrogen content, were confirmed 
il1 1953. 

( ii ) Gas Storage Trials.-Gas storage trials with 
apples in 3-5 per cent. o>,.7gen in the absence of carb_on 
<l ioxide were continued and have proved successful with 
a wide range of varieties. There is now sufficient 
m·id0nee to warrant a semi-co=ercial trial, which 
will be carried out in the 1954 season. 

(b) At Applethorpe, Queenslamd.-( i ) Examination 
of ('<'77 Nmnber ,in A11ple Ji'r·uits.-Investigations are 
ill pro:!'ress to discover reasons for the wide variation 
in cell numbers within apple trees and between trees. 
This work forms par t of the project on the physiology 
of rite apple fruit described in Section 6(a) above. 

i\'ith Granny Smith apples no correlation was found 
l)etween the time of pollination and cell 11 urn bers in 
the 1leveloped fruits. Jonathan fruits borne on single 
blossom clnsters showed variation in cell number and 
fruit weight; rootstocks M XII, :M XVI, and Spy 
ga,,c tlie same cell number in Granny Smith fruits. 

On one-year-old lateral growths, the fruits produced 
at· the terminal bud were la rge1·1 but contained the same 
nmnbor of eells as fruits produced from lateral buds on 
f·lir ~nmo .~hoot. These terminal bud fruits wc1·e also 
111 t·gel' than those borne on spurs. 

.T on11t.ha11 fruits from vigorous t rees and from trees 
F-howinp: no terminal growth were compared. Cell 
numbers were similar in both, the difference in size 
between fruits from stunted trees and from vi~orous 
trees being accounted for by difference in cell volumes. 
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Mild apple mosaic in Jonathan and canker in 
Gravenstein had no effect on cell number. Jonathan 
apples showing boron deficiency symptoms had the 
same cell number as fruits without symptoms. 

Granny Smith fruits from zinc-deficient t rees were 
very small and had a correspondingly small cell number. 
,i. 23 g. apple contained ,1,000,000 cells imd a 64 g. 
apple from tbc same tl'cc J 3,000,000. 

(ii) Nematode Stiulies.-Further studies with the 
root lesion nematode showed that plots from which 
infested apple trees had been removed maintained a 
high-level population wlien the area was cropped with 
tomatoes, or allowed to rever t to a vohmteer vegetation 
which contained Rmnex acetosella L. as a dominant 
species. 

Sawdust mulching for nine months to suppress plant 
growth resulted in a considerable reduction in the soil 
population of the phytoparasi tic nematodes P. cofl'eae, 
Practylenclms 11wc1·ophalltis, and Trichodortts spp. 

7. O I L CROP S. 

(Division of P lant I ndustry.) 
(a) Saffeower (Carthamus tinctorius L.) .-Extensive 

agronomic and breeding studies on this crop were 
continued at the Waite Agricultural Research I nstitute 
and in a number of localities in all States ( except 
Tasmnnia) in close co-opera tion with the Departments 
of Agriculture. These studies have confirmed the great 
pote11tialities of safl1ower as an oil crop under diverse 
environmental conditions. It stands up well to drought 
nnd to botl1 high and low temperatures but yields best 
nnder conditions of ample supply of moisture and good 
soil fertility. 

The species Gari:hamus tinctorius L. exhibited a 
wide range of variability in respect of emergence, early 
growth habit, degree of spininess, oil content, oil 
qual ity, yield, and resistance to diseases. These were 
utilized in developing new improved varieties which. 
have now been released for yield trials. 

A safflower variety was found which, owing to its oil 
quality and oil components, yields an edible oil. To 
improve this variet;y's agronomic properties it was used 
in a hybridization p rogramme, which is now in the F8 
stnge. The ma tcrial was also used to study the mode of 
inheritance of oil qualit,y in terms of the iodine number. 
Studies on the photoperiodic requirements of sal:Hower 
under controlled light conditions have been commenced. 

(b) Linseed.-In several localities tested selections 
developed from a cross of Punjab x Walsh appear 
superior in both oil content and ;yield per acre to Walsh, 
which is t.he common commercial variety. Some of 
tl1cse selections will be released next year. 

(c) Castor Bea:n.-Studies on introductions of this 
oil crop were contimied aud a number of promising 
types with uniform maturity and low degree of 
shattering were selected. 

8. T OBACCO IN\7ESTIGATIONS. 

(Division of P lant Industry.) 
(ci) Ag1·onomic St11dies.- (i) Breeding.-Breeding 

for resistance to tobacco mosaic was continued and lines 
have now been selfed. Those showing the necrotic type 
of resistance in the homozygous condition are being 
grown for the selection of agronomic types suitable for 
the nor th Queensland en'7iromnent. Because the 
resistance associated with necrotic spotting breaks dow1l 
at high tempeni tu res ( especially above 97° F .) , cr-0sses 
have been made using the variety Ambalema as ·the 
resistai1t parent. Resistance in this variety is associated 
with slow multipl ication and spread of the virus 
followed by inactivation within the plant. The 
r\mbalema type of resistance is known to be carried by 
a rlouble 1·ecessive factor. 

ln a study of the inheritance of the lac~ of 
palatability of certain varieties to l_ooper caterl?1llars 
(Plusia spp.), resistant plants are being selected 1D the 
F 2 progeny of a cross in which Maryland _Mamm?th 
was the unpalatable parent, the F 1 generat10n having 
been palatable. 

Fourteen Nicotiana species were tested for suscep
tibility to yellow dwarf virus. Five did not develop 
i;ymptoms. N . glmica, a symptomless carrier of yellow 
dwarf, big bud, and mosaic viruses, has been crosse_d 
with N . tabac11m to obtain further information on this 
reaction. 

(ii ) Diseases and Disorders.-Soil from K atherine, 
N ortbern Territory, retained its abil ity to cause 
"frenching" under glass-house conditions at Canberra. 
Frenching symptoms appear much earlier at a soil 
temperature of 35° 0. than at lower temperatures and 
are delayed by high soil nitrogen. Soil treatmen_t'3 
with nine trace elements and some major elements did 
not ha,·e any effect on occur rence but control was 
obtained in the glass-house at low soil water content. 
Si..x bacterial isolates from Katherine soil did not 
produce frencbing symptoms in plants grown asep
tically on nutrient agar or in pots of sterilized soil. 
Filtrntcs from freuehing soil and a washed frenching 
sand retained the ability to cause the disorder. In 
field test~ at Katherine, frenching did not occur in 
any spray irrigated plots. whereas it occurred in plants 
\\·atc>rcd by furrows. H igh r idging of plants also 
~r rmed to reduce the incidence of frenching. 

Field observations with trashy leaf showed that it 
occurred on soils high in organic matter and par
ticularly ·where legumes were ploughed in. In southern 
Australia it is only a temporary condition but in 
nor thern ar<>as it tends to persist and cause loss every 
_vear. 

While blue mould in tobacco seed-beds bas been 
controlled fo r twenty years by the use of benzol, this 
bas not pre\7ented field infection. Several surveys of 
field occmrence were made in the 0 1·ens valley district 
of Victoria, where a serious outbreak of blue mould 
occmred at a bout the flowering stage. Infected plants 
were 11ot uniformly distributed throughout the distr ict 
nor in individual :fields and the reasons for these 
cliffercnces are to be investigated. 

(b) Tobacco Ghemistry.-(i) Trashy Leaf.-Fur
ther glass-house studies on tobacco growing indicate 
thRt. the leaf may deteriorate within a few days after 
addit ion of nitrogen to the soil. Leaf initially with 
tlie chemical composition of cigarette leaf does not 
" cure out", and remains green aftflr nitrogen treat
ment. Also fluorescence of the underside diminishes or 
may disappear completely. 

( ii) Oiiring Properties.-Good qual ity leaf may be 
ohtainecl irrespective of the time required for break
down of chloroohyll during curing and for full develop
ment of the yellow colour. Leaves of var ious degrees of 
ripeness which require 1-8 days for curing could all 
be of good quality, depending on the init ial composition. 
T.eaves with excessi,c amounts of n itrogen deteriorate 
during curing, $ince as chlorophyll breaks down the 
.vcllow pigments also disappear, leaving coarse, brovrn. 
brittle trashy leaf. 

(c) Tobacco Physiology.-(i) Sucker Control.
Seed developm_ent and sucker growth both adversely 
affect leaf yield and quality. Excision of the> 
inflorescence improves both but unfortunately stimulates 
sucker growth. As such growth must be removed 
manually at harvest time it is an expensive operation. 

Sucker ~rowth has been effectively controlled by 
applying 2-4 ml of mineral oil to the cut end of 
car~ stem wl1011 the flowering head is excised. Trials 
~urrng the past season i n north Queensland gave 
10-100 pel' cent. control. The ratio of. trashy to sound 
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leaf decreases when the sucker growth is cont rolled and 
increases wlrnn the leaf passes a certain stage of 
maturity. 

(ii) ·water R ela.tions.-On recovery from a drought, 
Lohacco plants resume growth at a reduced level of 
1Vater consumpiton. It was observed in the :field that 
t.obacco growth occmred intermittently, owing to 
incipient wilting before an irrigation and complete 
turgesccncc just after an irrigation. To test these 
observations a pipeli11e with special nozzles has been 
installed a t' .Ayr, Queensland, which running con
tinuously will deliver an amount of water equivalent 
to the periodic irrigations. Tobacco growth under 
uniform :6.cld conditions induced b_y this mist spray 
will be studied. 

9. GENERAL CHEMISTRY. 

(Division of P lant Industry .) 
(a) Ohemical Tech-niques.-(i ) Molybdemim in 

Soil.-A method for the determination of molybdenum 
in soils has been developed. The soil extract is 
evaporated to dryness and dissolved in hydrochloric 
acid. Copper, which would interfere with the subse
quent determination of molybdenum, is extracted by 
dithizone in chloroform solution. Molybdenum is then 
separated from iron by ether extraction of the 
thiocyanate complex after reduction of ferric thio• 
cyanate with ascorbic acid. After complete removal 
of ether the thiocyanate is decomposed by digestion 
with sulphuric acid, and after dilution with water the 
molybdenum is precipitated as the dithiol complex and 
extracted into amyl acetate for colorimetric estimation. 

(ii) Sulplrntes.- Thc turbidimetric method for 
rletcrn1iuinp; s11lphate as barium sulphate was studied. 
Reproducible turbidimetric readings depend upon the 
production of uniformly sized barium sulphate crystals. 
This can be achieved by "seeding" the solution with a 
prepared suspension of barium sulphate which may 
provide nuclei for the even growth of the test crystah. 

(b) lfotrient Availability.-The availability of soil 
phosphorus to plants is ~overned by a number of 
chemical factors. The more important of these include 
the pH, the phosphate adsor ption capacity, the 
exchangeable cations, and the soil organic matter. 
Tnvestigations are beiT1g made of the influence of pH 
and the nature of the exchan~eable cation on the 
adsorption of phosphate when added to soils of differiurr 
phosphate adsorption capacity. ~ 

Sulphur deficiency occurs over a wide range of 
different soil types in eastern A nstralia. Investigations 
have shown that most of the soil sulphur is associated 
with the. soil organic matter. In pot culture experiments 
it has been shown that the sul phur utilized by plants 
is to some extent related to the total soil sulphur. This 
relationship, however, is poor, and undoubtedly the soil 
type and other soil factors influence the sulphur 
availability. Investigation of these factors is continuing. 

(c) Fertility Sfodies.-A project commenced in 1952 
was to study the rate and nature of fertility chancres 
resulting from "pasture improvement" by the use" of 
subterranean clover and superph osphate under condi
tions of continuous pasture. A survey was made of 
paddocks with varying top-dressin,e; histories on sandv 
loams der ived from _granite in the Orookwell-Bind~ 
area, New Sou th Wales. Fertil ity changes were 
assessed by the growth and response of oats to applied 
nutrients in pot oulturfl and hy <'hemica1 analyses of 
t1Je soils. 

The unimproved soils of the region were found to bP 
seriously deficient in phosphorus, sulphur, and nitrogen. 
H owever, t.he deficiency of each of these elements has 
been almost fully overcome after a period of 25 years' 
pasture improvement, during which t ime a total of 
13 cwt./acre of super phosphate was applied. Under 

this form of agriculture, losses of nutr ients through the 
disposal of farm products is small and it has been found 
possible to account for all of the sulphur and 
phosp~orus applied to these soils as superphosphate. 
Practically all of this bas remained-even that applied 
many years ago-iu the surface four inches of the soil. 
.As a result of the build-up in soil nitrogen by the 
legume (subterranean clover) and the accumulation of 
sulp~ur and phosphorus from the superphosphate 
a~plied, the sulph~1·, phosphorus, and nitrogen contents 
?f some of these soils have at least doubled since pasture 
1m pTovcmen t commenced. 

It was found that the pH of these soils had decreased 
under . t~e snbterranoa~1 clo~er pastures and further 
work 1s m progre-~s to mvcst1,,.ate the reasons for this 

I . h o , 
a_nc to ascertam w ether this increase in acidity is 
hkely to l1ave any adverse effect upon plant growth. 

The survey has now been extended to two other soil 
types within the same region-those formed from basalt 
~nd of ~ scdi~e1;1tary origin respectively. Results so 
f~r _obt::u ncd m d1cate trends on these two soil types 
sumlar t o those on tl1e soils of grnnitic oriain. A 
sim~lar _sur1·ey ot f ~rtility trends resulting fi':'om the 
<·ulhrntion of soils for ,r heat was commenced in the 
!\ riah Park district, New Sonth Wales. 

(d~ Sp~clroc~iem!cal lnv~sti,qations. Spectro-
chcm1ca l 111vestigat1ons are m progress on differences 
in cobalt content and uptake between ecotypes of 
Phalaris. 

(e) Ghemisl1·y of . 8oil Elements.-(i) Man-
_,:,anese.- Ma11ga;1ese d10x1?e may b~ reduced by organic 
matter of the soil or by microorganisms t l10 more easily 
tl1e lower the pH. It was found that there ·was a four
fold decrease in non-biologi cal reduction of manO'anese 
dioxi~c in a soil _limed £~·om pH 7 to pH 8.

0 
Pot 

expcnments are bcrng earned out on soil from Penola 
~outh A.us~1·al~a? to see how t his r ela tionship is reflected 

·m tLe arnuab1lity_ of manganese dioxide at pH values 
of 7 and 8 respectively. 

In parallel experiments on the Penola soil and on 
another from Rendelsbam the relation between the 
amount of manganese dioxide applied to the soil and 
;~1c manganese absorbed by oat plants ia being studied. 
I he r esults show that manganese deficiency was over-
1'/"lmC' b.v JO p .p.rn . man~anese in t he P cnola soil and 
:10 p.Jl.lll. in the Iwndelshom soil. 

.\n intcresti11g rclntion was derived from exhaustive 
11!an~ a nalysis of both straw and grain. In the more 
d1fi c> ieu t R0nr!clsl1am soil, tLe relation between absoi·bed 
m:i ngane~c and pi·odurt.ion of straw may be represented 
hy a n S-shap?d curve. Tl1:e production of plant tissue 
Hh0\1·~ 11 r clatwcly _greater 1:1-crease t han the absorption 
of m1rngan_esc unti I the pomt of inflexion is reached. 
T:cyonrl this ( 30 ~.p.m. added manganese) the forma
tion of plant h ssne outstrips the absorption of 
manganese . 

. (ii) Jlfolybden~tm.~Little is lmown of the chemistry 
oi molybdenum rn soils. Two aspects were studied: 
(i) the solubility of molybdenate in solutions contain
illg _ iron ant) aluminium salts; (ii) the constitution 
(usmg chenuC'al aud X-rny method.s) of the synthetic 
iron ,rnd aluminium molybdates so obtained. A 
1rntnrnl1y ocrtirring iron molybdate ·was also studied • 
11 0 n:Jtu rall;v orcu1Ting aluminium molybdate 1; 

rf"po1·td in the literature. 
f•'mthcr 1rnrk on the absorption of m0lyhclenum by 

1h0 r l:i~· min0rnls is under way. · 

10. PLAN'l' NUTRITION. 

(Division of Plant Industry.) 
(~) Characterizing Deficient Soils.-Trials with 

ft,r t1l wcrs on a number of !toils from. different areas 
"~1owod . response~ to b?th trace and major elements. 
1 he soils exammed mcluded samples collected in 



northel'll .c\ustrnlia by the Organization's Land Re
search and Regional Survey Section, as well as samples 
fr~m southern Australia. The Northern Territory 
soils showed an acu te deficiency of phosphorus, and 
some also de:6ciencies of molybdenum and sulphur. 
Responses to these elements were obtained on the 
samples from southern Australiu. 

Soils with un inadequute population of those strains 
of Rhizobimn effecti're on subterranean clove1· were 
identi'fied and collected £or studying factors concerned 
in nodulation. Experiments are in progress to define 
more prcci~ely the limiti11g degree of soil acidi ty for 
satisfactory clornr nodulation. I n recent years defoc
tive nodulation has been recognized as of considerable 
importance, partie;ularly on the acid podzolized soils. 

(b) Availability of Elements in the So·il.-Oonsidcr
able progress has been made in the study of the effects 
of lime on the nodulation of clo,·er. It bad been shown 
p reviously that normal no<lula tion and growth of clover 
could be obtained on acid soils by drilling inoculated 
clover seed with only 2 cwt. of lime per acre. Curren t 
work shows that on all the soils studied the effect of the 
lime is dnc to its influence 011 the numbers of rhizobia 
in the soil, and ful'thermore, that this is brongl1t about. 
tl1rough the change in soil reaction and n ot thro11gl1 
the incrC'nsc in calcium supplJ·. 

An cxpel'iment to examine the effect of clover on 
the nitrogrn !Status of the soil is being maintained at 
Canberra. Trinls which have been in progress for n 
number of years on the effects of snperphosphate 0 11 

clover and de,·elopment of grass •,yi]l be sown to a cereal 
to assess the effect of the tl'eatments on soil fer tility. 

( c) Response to Fertil·iz,:rs.-FactoB affectiJ1g the 
response to fo rtilizers arc being examined. An impor
tant aspect is tl1e study of the interaction between 
treatrnc11ts•-that is, the cfl'c(•t of one rlcment or trent
ment on the response to· another. For example, studies 
of the inter.t('tion between l i rne and other treatment5 
have shown that i n the majority of the soils examined 
the effect of lime is due mainh to an indirect increase 
in the ni tr0grm supply to the plant. This increase may 
be brought about through e·ffee;ts on soil nitrification, 
c,n molybdenum supply, on nmnbers of rhizobia in the 
soil, or on combinations of all thi'ce factors. The effects 
on molybdenum supply and on numbers of rhizobia arc 
usually of much grcaf'er importance than the effects 
on nitrification in the soil. 

Fmther ,rnrk has confirmed that sulphur may 
markedly increase the percentage of protein in plants 
on soils deficient in sulphur, even when the. yield 
response to snl phur is negligible. "\Vhile rock phosphate 
may derrense the percentage of protein in clo,·er under 
conditions of sulphur deficiency, i t can increase the 
percentage of protein when 1,ulphnr deficiency is 
corrected. 

(i) R esicl·1rnl Et/'ect rmrl Forrn of Ji'erfiliz,m.- The 
need for ~econd a·i1d subsequent dressings of fertilizer 
depends pa rticularly upon the residual effects of tho 
clement. A number of field experiments are being 
maintained to uetermine long-term residual effects. 

The yield r e.:;ponses obtained with rock phosphate 
applied at levels comparable with sup~r_phosphate ?ave 
been sma 11 under all of the cond1t10ns exam med. 
Studies with rock phosphate and fi eld t r ials will be 
maintainecl for several years to examine subseqnent 
effects. 

(ii ) Uz1tal,·e of Elements by Plants.- It is knowu 
tlrnt the uptake of a par ticular element by plants may 
in some instances be markedly affected by the uptake 
of others. This is distinct from the dfcct of treatments 
on the aYailability of elements in the soil. Work lrns 
been commenced to critically examine the effects of 
varying levels of each of the elements on the uptake 
of others. 
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( cl) The Role of .Elements ·in Plants.-(i )Plant 
C'umposilion..-A study of the effect~ of de:6ciencies of 
esscnti:al elements on the amino acid composition of 
plants was continued. The results show a lower ami110 
acid content under conditions of molybdenum de
fi ciency. A quantitative estimation of the amino acids 
present nuder the different conditions is being made. 

Fu1·thcr evide11ce on the role of wolybdeunm in nit ro
gen metabolism has been obtained. It was found that 
the nitrate and ammonia content of the tops of tomato 
plants was doubler! four hour!> after supplying molyb
date to the rnolybdenu111-deficient plants. Tn tlie int;act 
plant molybdenum is essential for a reactio11 inrnlved 
i 11 tliu reduction of 11itratc to nit.rite. 

.MolylJde1111m also affects phosphorus metabolism, 
although it is not known to what extent this function 
is specific. The application of molybdenum to the 
c-ultlll'e medium markedly increased the concentration 
of organic phosphorus iJ1 the plants witbu1 two clays, 
nnd cor respondingly decrease the concent ration of 
inorganic phosphorus. 

(ii ) 11iochem·ical Reaclions.- Furtber evidence on 
the effect of molybdenum on phosphatase activity was 
obtained. T ests with rnrious substrates sho,Yed that all 
rxcr.pt glucose I-phosphate were hydroly~ed by tomato 
le11f acid phosphatase preparations, and that in all 
,mhst:n1 tes hydrolysis was inhihi ted by mo1ybdate. It 
,i·as found posible to mensure the in n:ro phosphatase 
:i ct i\'it.v 0f intact li vi ng roots by immersing them iu a 
~olnt ion of p-nitrophen:vl phosphate, a nrl rucasnring 
the r :itf' of formation of p-11itrophe110l. As molybdate, 
11t p h_y!"iological concentrations, inhibits 1)bosphatases 
in l)i··o . inhibition of phosp!tatases may be an impor
tant. rn<'tabolic function of molybdenum. 

11. M INF.JlAL N llTlfffION 0 1" P LANTS. 

(Divi sion of Biochemistry and General N utritiou.) 
These studies especially concern the relatively minute 

but essential requirements that plants have for the 
heavy meta ls, ziuc, copper, molybdenum, &c. 

Field experiments which focused attention on the 
importance of these micronutri.ents and which initiated 
the spectacular development of the Coonalpyn Downs, 
South Australia, ha Ye defined o,erall problems, anrl i n 
turn have revealed many lacunae in our knowledge that 
may best be fill ed by experiments under the controlled 
conditions of the laboratory and glass-house. Experi
mcnta 1 studies have been initiated to throw further 
light on the morphological and metabolic lesions which 
occur iu certain fodder specieil grown under condi tions 
in which the mineral requirements are not fulfi11ed. 
T he nu-ious techniques liave been perfected to n stage 
wl1ere many of the ontstanding questions may be 
answered. Special atten t.ion is now being given to the 
morpl:ological lesions, since a better knowledge of 
rhe~c i!l es,ent ial fo r tl1e solution of many of th e 
p1·artical proble111s encountered during development of 
deficient terrain. Th e work ii: proceecli.ng. 

12. PLANT Tox1eo1,00Y. 
(Division of Plant Industry.) 

( a.) E1;al1wlinn of N cw fferbicides.-A<ldi.t,ional 
c0mponnds syutl1esized by the New South Wales 
T° niYersity of T echnology ha,·e bern tested for use as 
herbicides. This work l1as sho1n1 an error in t.hc eon
Ycn tional spl it pea test fol' nuxi.n activity. 

(11) JlJ istleloe In r•csfiftat-ions.-Thesr hn q , boeu r,011-
ti nne<l in collaboration with the Commonwealth 
Foregfry nnd T irnbrl' B m eau, wi.tlt a view to -finalizing 
I he <let~l'minat.ion of the optimal doses of 2 4-D and 
the doses possibl~ reqnirrd for a !lecon d apvli~a.tio

1

n for 
the con trol of 1mstletoe. T est-~ with 2 4-D derinti'Yes 
a re also proceeding. ' 
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(_c) Impedance ..Measurements.-Apparatus has been 
designed so that m easurements up to 2 :M.c/s can be 
mad~. ·with the irnproYed electrodes it is posible to 
O?tam constant impedance measurements over an hour. 
J~mpha,is is being gfren to such measurements, as they 
are valuable for determining the degree of injury to 
1,l1111t tissue resulting from either a pathogen or a 
poison. 

Impedance mensuremellts haYe been nia<lc on healtby 
and inforted pot:i to tuber£. These clearly show whether 
the tissues are injured or uninjured. Injury or its 
absence de pendil on the type of fnngal pathogen and 
on the variety of potato. 

Fmtl1er measurements of phase angle on potato 
tuhers have been ma,le in relation to diagnosing the 
presence of viruses. The dcgrre of signi-ficunce between 
l1enlthy 2nd infected batches can vary with maturity. 
J t was shown that the difference in phase angle between 
tlie two ends of a tuber may indicate the presence or 
11 bscnce of leaf roll virns. 

13. PL.AN'!' PrrYsror.oaY. 
(Division of Pinnt Industry.) 

Most of the work has continued to be cent red around 
problems of plant development. 

(a) Long-day Plants.-Morc interest attaches to 
the deYelopmc11t of plants of this type, since they 
include most of the plants of southern Australia of 
economic significance. However, critical work can 
only be carried out in an accurately controlled environ
ment (obtainable with such equipment as was described 
in the last Report). Efficient use of such facilities 
requires test plants which are both small and easily 
cultured, and with a rapid life cycle. Out of many 
species tested Anagallis a1·vensis L. is proving most 
satisfactory. It is ver.v sensitive, requiring only two 
or three exposures to long day for flower initiation. 
The re;;ponse is rapid, flowers being initiated at the 
second node, and they are microscopically determinable 
15-18 days after germination. 

(b) Phalaris tuberosa.-In certain districts P. 
tuberosa grows unsatisfactorily the year following its 
establishment, and there is evidence that this is relater! 
to the conditions of its summer dormancy. A trial 
to ascertain the effects of temperature and length of 
clay on the development of P. foberosa has been "tarted. 
and this will be continu ed for a period after the first 
season's dormancy. 

(c) Auxin Relationships.-Application of a.-naphtha
leneacetic acid and .B-indolcacctic acid has been shown 
to delay flower initiation in 1lfolcomia marilimn, a 
lo11g-day plant. No effect was observed with th~ anti
auxin 2,3,5-tri-iodobenzoic acid. 

( d) Sle'lli T·iv 01,lture.-A new approach to the 
study ?f th~ effects of micronutrients on plant develop
ment 1s bemg sought by culturin"' microscopic frao-
n~cnts of stem tip~ on artificial ~edia, under whicl1 
C)rcumstances the rnternal milieu may be more effec
t~vc_ly altered by selected addenda.. Fragments con
s1strng of a~1 apical mcristem and two leaf primordia, 
and approx1ma tely 200 ,-,. long, lrnve been successfully 
cul~ured._ Results from the application of auxins and 
anti-auxrns suggest that such explants do not neces
sarily c~ntinue growth with the potential and pattern 
ap_pi:opriate to the physiological age of the piant of 
ongrn,. but may re:7crt to a juvenile stage. Attempts 
:ire bemg made,. usm/!i the above technique, to culture 
mflorescence pnrnordia of the basal sterile speltoid 
wheat St~ to study the physiology of sterility. 

(e) Nitrogen Metabolism of Lcgttmes.-It is known 
that amidc>s occupy key positi011s in the nitro{)'en 
n~eta bolism of. plants, and ~urrently i t is held t°Iiat 
either asparagme or glutamme plays a preponderant 

1·ole in different plant species. Members of the 
TJcguminosae arc regarded as asparagine plants. Some 
evidence on this has been obtained using the tech1m1u., 
of embryo cultw·e, under such conditions that embrvo 
growth ma_y be regarded as a measure of protein 
synthesis. Contrary to the established view, glut:i.mine 
has proved superior to as1rnragine as a source of 
nitrogen for the growth of isolated embryos of 
M?dicago tribuloides. The full quantitative relation
slnps ~etween asparagine and glutamine are now being 
established for a range of leguminous and non
leguminous embryos. 

14. PLANT E COLOGY. 
(Division of Plant Industry.) 

(a) R egional :' er;etation Siirveys.-Surveys for the 
purposes of _cla s_s1.fytng mid mapping plant communities 
are proccedmg m the Southern Tablelands Macquarie, 
and New England regions of New South' Wall's and 
in the rain-forest regions of Queensland and northern 
New South Wales. A survey in south-western Queens
land was completed and the one in New En(71and will 
be c~mple_ted this 1 ear . The climate-plant-~oil inter
!·elationsh11Js es_tabhshcd by such surveys will be utilized 
111 the pastnre impr ovement research proo-rarome of the 
Division. 

0 

, (b) Studies on !{ative ~rasslands.-(i) Treeless 
(,msslands.-Ec0Iog1cal stuches of the subalpine <>Tass
land? o! tl1e :Mo?aro region, N cw South Wale~ are 
contmumg. During the past twelve months rccordB 
were f.!il~cn of soil and air temperatures aud water
table heights at the experimental site on Seventeen 
P_lain. A_ preliminary sur,ey of the grasslands at 
higher _ altitudes h~s been . made in co-operation with 
the Soil Conservation Sect1oi1 of the Snowy Mountain9 
Authority. · 

(ii) G1-azing Jlfanagement E :rperiment Trangie 
}lew So!dh Wales.- This project, which is'being con~ 
ducted m co-operation with the New South Wales 
Depart!11ent of Agriculture, is designed to obtain in
forma~10n on the management of semi-arid Stipa
Chlons pastures. The e~ect of different stocking rates 
and s.}'.stems on the yield and persistence of the 
pei:ennia l grnss~s and the wool production and l ive 
we1gl1ts of Menno wethers has been studied for more 
!han _five y_ears without positiYe results. Consideration 
1s ~emg given !o a modification of the design, usino
vanous proportions of lnceme with native pastures. 

0 

. (iii)_ Autecologica/- Sfadies on Native Grasses.
Life h!story studies of some native peren11ial grnsses 
a_nd wrnter an~rnals have_ been completed. Investiga
tions of th_e so1l-pl~n t-mo1stnre relationships of native 
grass sp~c1es on different soil types has commenced 
at Trangrn, New South Wales. On the Southern Table
!m1~ls of New South Wa 1es a study is in p rogress of the 
m <:~dcnre of rec) grass, Bothriochlon (l,mbigua, in the 
native Donlhon-ia pastures. 

(c) Ec_o~ogical Studies on Cont·iguous Woodland 
Co1n11iut~ities.-A study of the habitats of two different 
but ~ontiguou_s woodland communities in the Australian 
Capital Terntory was commenced. The communities 
are E_u~~ly7Jtus polyanlhemos and Eucalyptus meHoclora 
and 1mtrnlly the work is being restricted to soil factors. 

(~) Ecolo_qv of Rain-forest.-Studies of the distri
lm_ti011 of ram-fore~t and of the hydrologic cycle of the 
rnrn-forest formation have commenced in northern 
New Son~h . ·wales an~ Queensland. The study aims 
at dc_termmmg the en:i71ronment.al requirements of com
mercially vnlnable !'/llll-forest _timber species for maxi
m~m woo_d producti?u- Ph_vs1cal measm·ements of the 
nncrohn~1tat ar~ bemg made at monthly intervals in 
tlrn Wl11:111 Wl11_an S tate For.est, New South Wales. 
These 1111.cr?-envHonment studies are relevant to prob
lems_ of s1lv1cultlll'e and natural r egeneration of timb . 
species. ei 
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(e) J!}colog,ical Studies on Weeds.-(i ) Skeleton 
Weed ( Chondrilla juncea) .-Competition between in
troduced pasture plants and skeleton weed coutinues 
to be studied at Cowra, New South Wales, and 
Canberra. Subterranean clover is still the most effec
tive competitor of the species tested, but competitive 
effects have not been severe because of the dry weather 
experienced, which favours the weed rather than the 
pasture species. 

(ii) Hoary Oi·ess (Cardaria draba).-The effect of 
competition from pastuxe species on the growth of hoary 
cress is under study at Murtoa, Victoria. In the 
first year, Wimmera ryegrass (Lolium rigidtiin) . wa8 
much more competitive than ban:cl medic (Mechcago 
fribuloides) . 

(iii) Distribution of Introduced Weeds in South
eastern A11stralia.-In Victoria the distribution of 
introduced weeds: in relation to climate, soil, and land 
use is under study. 

(iv) Ecology of Aquatic Plants.-Tbis work,_ which 
aims at determinin" the factors concerned 111 the 
establishment of viu1ous species of aquatic weeds in 
the Murrumbidgee Irrigation Areas of New South 
Wales, has been in progress for just over a year, but 
as yet it has not been possible to establish clear rel~
tionships between chnnnel characteristics and their 
weed populations. 

15. PL,\N'l' BrocRE?IIISTRY. 

(l}ivision of Plant Industry.) 
(a) illorphogenesis in Planis.-A programme was 

initiated on certain aspects of the biochemistry of 
morphogenesis in plants, particularly the induction 
mechanisms underlying the formation of a new 
meristem during regeneration and its subsequen1 mode 
of <l iffernntiation, and three approaches have appeared 
111ost fruitful : 

(i) Fragments of hypocotyls of flax seedlings and 
other species were cultivated aseptically on the surface 
of chemically defined media. Excision resulted in the 
formation of buds and roots adventitiously, tLe new 
bud meristems arising from adventitious divisions of 
mature epidermal cells. The addition to the medium 
of minute quantities of chemical analogues of purines, 
pyrimidines, or their metabolic precursors strnngly 
inhibited the fo rmation of new buds aucl roots. 

(ii) By means of coconut milk extracts and auxins, 
sterile cultures of undifferentiated callus tissue have 
been produced and clones derived from single indi
viduals are being built up. Conditions in the physical 
nud chemical environment which will induce various 
ki11ds of redifferentiatio11 are being studied. 

(iii) Cer tain species sucker from the roots when 
decapitated wbile others do not. Seed has been obtained 
of strains of tomato aud lucerne which do sucker 
while strains closel_y related to them do not. The bio
chemical differences between these two types ( e.g. the 
presence of a. fartor e.ssential to regeueratioJ1 in the one, 
or nn inhibitor of it in the other) are being studied 
by cultivating isolated root tips of each strain asepti
cally and performing crosR-feeding experiments from 
one strain to the other. 

The need for raJ)id nucleoprotein synthesis and 
energy transfer in a region of active cell cliYision, and 
tLe inductive effects of certain nucleotide precursors 
and the inhibitory effects of tl1eir analogues, are 
receiving particular attention. Analytical and 
enzymatic techniques have been developed for studying 
certain reactions incorporating simpler precursors into 
the n~1eleotides a11d nllcleic acirls of flax bypocotyl 
rnatenal. 

(b) En~yme St11.d•i,es.-The progra.mme of work in 
collabo1:at101? with the Biochemistry Department of 
the Umvers1ty of Melbourne includes a study of the 

cytocluorue components and electron transport systems 
in yeast nnd higher plants. 

During the past •year the enzyme " yeast lactic a?id 
dehydrogenase" or cytochrome b2 has been studied 
in detail, and has recently been crystallized. The 
crystalline enzyme has been shown to contain both 
flnviue and haem as prosthetic groups. 

.Further physical, chemical, and kinetic studies on 
thi~ cniyme are i11 progress. 

I 6. P1-IYT0C11EM1CA ,, Sunvv,. 
( Division of Plant Industry.) 

Since the appearance of the Report for 1951-52 the 
Di,,ision !ms continued its participation in the re
organized Phytochemical Sul'Vcy, in collaboration with 
various Australian and overseas universities, the 
Queensland 1T er barium, and the forestry authorities 
of Queensland and New South Wales. · 

About 180 bulk samples for chemical and pharma
cological analysis were collected, mainly by the State 
forestry authorities. A limited numbe!' of bulk samples, 
as well as preliminary samples for screening in other 
laboratories, was collected by the Di vision. Liaison 
between the co-operating groups, vital records, and the 
botanical advisory function have been maintained. 

Co-operative projects between the Division and over
seas institutions include : search for tumour-damaging 
plants (with Sloan Kettering Institute for C:incer 
Research and National Institute of Health, United 
States of Amerira); steroidal sapogenins (University 
of Basle, ,Switzerland) ; screening of plants reputed to 
cause temporary sterility in native women (with Con
t!·olled Fertility Re~eareh Centre, En.gland) ; investiga
tron of wannakai (Rhodomyrtw; macrocarpa), alleged 
to cause blindness in humans (with Universities of 
Cambridge and Leeds, England); and investigation of 
native medicinal plants (with Administration of 
Papua-New Guinea) . 

Preparations from several Australian plants pro
duced damage in experimental sarcoma 37, and are 
being further, investigated in American laboratories. 
Crystalline compounds were obtained from Rhodo
myrtus macrocarpa, and their specific toxicity is being 
studied in English laboratories. 

Co-operative projects between the Division and other 
Australian institutions include the study of live-stock 
poisons (with Division of Industrial Chemistry and 
Division of Animal Health and Production); survey 
of c::u-diac glycosides (with Pharmacology Department 
University of Sydney) ; screening of higher plants fo; 
antibioti?s (with Bacteriology Department, University 
of Adelaide) ; and general phytocbemieal i11vesti,,ations 
(with Chemistry Departments of Australian ~nive1·
sities). 

Many promising plants ~a~1~ been revealed by the 
exploratory work of the D1v1S1on. These plants are 
being collected. As a consequence numerous com
pounds of potential pharmacologie;l and industrial 
v~lue have. been c~~ra?teri~ed. These include drying 
oils, alkaloids, antibrot1cs, hgnanes, cardiac glycosides, 
1md othe1· substances. · 

17. PASTURE INVEsTIGATIONs, 011.NBERltA, AusTR,ILJAl'i 

CAPITAL TERRITORY . 

(Division of P lant Industry.) 
(a) Species and Strain Investigations.-(i) Sub

terranean Olover.-In studies of the 60 strains collected 
in the Mediterranean area in 1951 there was a relation
ship of type to area of origin. Material collected in 
Palestine and Morocco was in the early maturity group, 
whereas that from north-west Greece was in the late 
maturity group. However, material co11ected within a 
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radius of a ohain or ao in an apparently uniform 
environment of ten showed considerable variation in 
flowering dates a11d morphological characters. 00~1-

parison of Australian and Mediterranean material 
showed morphological and physiological differences. 
The most clear-cut of these differences was the more 
frequent red coloration of the calyx in the Australian 
population and the greater susceptibility to frost of 
coastal l\foroccan material. 

(ii) Anmial .111edics.-A11 field tri?,ls with medics 
have shown that the fr·ibuloides group 1s generally more 
8Uitable than other species ~nder ~ ew Sou~h W ale_s 
conditions. A very productive st1:am, ~11 edica_qo l_ri
biiloides No. 173, bas been brought rnto the seed certifi
ration scheme of the New South Wales Department 
of Agriculture, and should be available conunercially 
by the end of 1954. 

A close relationship was shown betwe~n dehydra_ti_on 
of medic seeds anJ the development of 1mpermeab1lity 
of the· seed coats to water. Studies of the facto1:s 
concerned in the pro~luctio?- o~ hard seeds . by medic 
species are under rnvest1~at10n. Experllllen~s. to 
lllCasure productivity of rued1c.s uuder sward cond1t10;1s 
are in progress at Wagga, Temora, Crooble, Condobohn, 
and Trangie, New South Wales. At Wng~a and 
Temora medics have not com.pared favorably with sub
terranean clover and this appears to be due to the 
failure of the medics to actively :fix nitrogen. Field 
responses to molybdenum have been obtained at both 
of these centres. Studios to date suggest that medics 
have a hin-her molybdenum requirement than sub
terranc:m clover. Drought conditions at Trangie and 
Condobolin Lave upset sward trials for two years in 
succession. 

(iii) Orasses.-Phala1·is tuberosa Las yielded sip
nificantly better in 21-in. and 35-iu_. spaced ro~vs than m 
7-i n. 1·0,1·s at tl1c D ickson Expcrnnent Station. The 
effects of nitrogen aud soil moisture on these results 
arc being examined. Studies of the effect ou total pro
duction and growth rhythm of Phalaris tuberosa and 
subterranean clover when other species of grasses are 
introduced into tho m ixture are in progress. Results to 
date show th:1t the ratio between Phalaris tuberosa 
and its associated species has varied according to the 
associated species 11sed. 

The productivity of special purpose pastmes f~r 
providing forage at different seasons of the year 1s 
under investigation. The influence of phosphorus and 
nitrogen levels on the persistence of perennial ryegrass 
is also under examination. 

(b) F'erlilii:y Studies.-(i) Ji'ertility Lift by S11b
lerranean Olover.-Tbe effects of improved pastures on 
soil fertility are being investigated. Fertility as 
moasmed by productivity can be increased by applying 
superphosplrnte to subterranean clover pastures. The 
effects of this procedure on the status of nutrients 
other than phosphorus arc being examined. 

An exploratory survey has been undertaken in the 
,rheat belt near Temora, New South Wales, to deter
mine the effect of continued wheat cropping on red
brown earth soils. 

(ii) Influence of Pasture Species.- Attempts to 
follow changes in soil strncture under pure stands of 
snhtenanean clover, red clover, luccrnc, Phalaris 
luberosa, perenµial ryegrass, and Wimmera rycgrass 
ha\'e. not been successful, as no successful method of 
measuring soil stru~ture has been _found .. The long
term experiment designed to determme the mfine~ce of 
volunteer pasture, subterranean clover, and a m1xtme 
of Phala,ris tubero~a and s1_ibterr~~ean clover f?r 
various period$ of tnne on s011 fertility measured m 
terms of subsequent wheat yield is continuing at the 
Dickson Experiment Station. 

( c) Pasture Utilization,~Fiuctuationa in the gro~h 
of pasture which is. the basis of animal production 
result in periods of insufficiency, adeq_uacy, and ex~ess 
of feed for a relatively constant animal population. 
Stockin~ rates are limited primarily by th~ _len~th of 
the period of shortage, so that greater ut1hzat1~n of 
,young growth in periods of excess cannot be ach!eved 
by increasing stocki11g rates alone. Growth m a 
Phaforis-subterraneau clover-lucorne pasture at Can
berra that was neither consumed, no1· conserved whilt> 
green, rapidly lost its value as animal fodder. How
ever by conserving excess material in the spring not 
only can the periods of deficiency be provided for but 
a substantial increase in stocking rate appears feasible 
on the evidence to hand. Slight increases in wool 
yield, double liveweight gains, and increased propor
tion of :first grade to lower grade mutton have been 
obtained. 

Comparisons of areas from which excess spring 
pnsture was removed in the previous spring and not 
fed back, with areas where no conservation was prac
tised showed that after a comparatively dry summer 
and ~utumn the body strike by blowflies was consider
ably less in the :first areas. Secondly, in the winter 
and spring the incidence of " Phalaris staggers" was 
considerably less on the former areas. Thirdly the 
livewcight gains in winter and spring were greater 
on the former areas. Studies are being made on the 
factors concerned in the management practices that 
brought about the pasture quality changes which had 
such a marked advantage over pasture quantity charac
teristills iu improving the health aud production of 
sheep. This work is being extended to measure the 
effocts of high utilization using various pastures and 
in relation to different forms of animal production, for 
uxarnple, mutton, wool, and beef, separately and 
together. 

(d) jfana.r;ement. - (i) GonserV'ation. - Various 
degrees of pasture conservation are being compared in 
a long-term experiment in which five equal areas are 
each carrying the same number of sheep continuously, 
but in four of the areas various proportions are har
vested during the spring for fodder. The sheep are 
then maintained on the herbage production from the 
balance of each area until such time as their body 
weight indicates that they are getting insufficient feed, 
when the conserved fodder is fed back to them as 
required. 

(ii) Conservation Effect on Pasfore.- Surplus green 
growth is taken off for silage or for hay and the re
growth of tbe pasture the following year is related with 
the method of conservation and i ts productivity. 

( e) Nutrients and Li.ght Gompetition.-Studies of 
the competition between pasture species for light and 
nutrients were continued. An experiment with Loliit11i 
pm·enne and Phalaris tuberosa showed that competi
tion for light and nitrogen interacted when other 
nutrients and water were supplied in non-limiting 
amounts. Thus competition for light was more marked 
in the presence than in the absence of competition for 
nutrients. 

ls. p ,\STUR,I,; INVESTIGATIONS, .A.Ri\UDAI..E, NEW SOlJ'l'}t 
WALES. 

(Division of Plant Industry. ) 
(a) Bcological Su.rveys.- (i) New England Region. 

- This survey involves the investigation of all the in
herent hind characteri: that affect agricultural utiliza
tion of the land. These include. climate, soils1 geology, 
topography, and natural vegetation. The malll aim of 
the survey is to define and evaluate the various 
environments that occur within the region, primarily 
in connexion with their suitability for the growth of 
sown pastures. 'l'his work should be completed by tho 
end of 1$)54. 
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(ii) South-wei;tern (]ueensland.-The detail map
ping of vegctatio11 association oomplexes and great 
tioil groups has been completed in the area selected a~ 
rcpreseutatire of the larger area under survey. 

( b) 1.l-utecological Sfodies of Native Pasture Sz,ecir.s. 
-The life cycle of each species studied is being re
col'ded and the precipitation : evaporation rati? ne~es
snry for plant gl'owth on each pasture type 1s bemg 
calculated. Observations on the effect of bmning at 
monthly iuten·als throughout the year ha1·e shown 
1,1.Jat the: overall effect was a 50 per cent. reduction in 
tJrn basal area of the grasses, and a smnll increase in 
the baBal area of rushes and sedges. 

(c ) Grazing .Management Studies of Native Pas
l1tres.-Tbe long-term experiment on the comparison 
of rntes of stocking, and of continuous grav.ing with 
rotational grazing, has been completed. 

In co-operation with the Division of ,ininial Health 
and Production ( see Chapter III., Section 21) a study 
lias been cmrunenccd on the effect of supplementiug the 
grazing of a breeding flock of Merinos on native pn~ture 
1Yith different percentages of sown pasture. The first 
year's results haYe shown that even with small percen
tages of sown pasture (less than 20 per cent.) it is 
possible to breed Merino sheep. On native pasture 
alone it is generally impracticable to breed MeriJ10 
sheep, even at light rntes of stocking. 

The aftermath from summer production on native 
pastures is considered to be partly responsible for poor 
winter production. A study is being made of the 
effects on winter production of reducing this aftermath 
by Yarying the summer stocking rate of sheep, using 
both cattle alone and cattle in conjunction with sheep, 
burning, mowing, and incorporating clovers. The 
winter live1reight gains were greatest on t he clo,er
treated areas; next highest on the pasture l<'ft uu
stockcd during the previous summer. 

(d) bnzn-ovem,ent of Native Paslio·es.-The estab
lishment of clovers into dense natiYe pastmes without 
ploughing has been successful, and bas improYed the 
norrnally low protein content of the nati1·e gras~es and 
also their forage value. The persistence of many 
native grasses in competition with clover, howe1·er, was 
reduced. Surface seeding of sown grasses to supple
ment the native species is now receiving attention. 

(e) Species and Sf;rain Triuls.-The testing of 
p:tsture species is being expanded and extended into 
new al'eas. Notwithstanding drought conditions during 
the yenr 1954, a number of grasses yieltleci as well as 
or better than Phalaris t1iberosa and some pl'oduced 
more protein per acre. Possible development of 
scnsounl pastures to provide year-round grazing is 
envisaged. 

(f) Plant Nutrition St11dies.- The smvey of the 
plant nutrient status of New Englan_d soils has been 
extended to ten of the major soil types. Podzolic soils 
are generally deficient in phosphorus, while basaltic 
soils !'espond m11i11ly to nitrogen. The deficiency of 
sulphul' or phosphorus in harnltic soils is less se,,ere. 
No evidence of a potassium, nrngnesium, or trace 
<:hm1c11t dcfieif!nc_y was observed i11 any of the soils 
tl·~tNl. A 11c1r pl'Oject, to examine the factors involved 
in the greatly improved growth of Phalaris pastures 
fol lo\\'ing ren0vation by ploughing down, indicates 
!hut if nutrient release following the culti,1ation is 
implicated, the nutrient mainly concerned is probably 
uitrog-e11, with sulphur playing a minor role. 

(g) Clover N odulat·ion.-Iu conjunction with the 
School of Agriculture, UniYersit_y of Sydney, some of 
the difficulties associated with the nodulation of clovers 
have been overcome by the isolation and identification 
of superior stl'ains .of the root nodule bacteria. Satis
factory strains are now available for subterranean 
clo-ver, crimson clover, and red clover. 

19. PAS'l'UBE AND HYDROLOGY INVESTIGATIONS, 

DENILIQUIN, N .S.W. 
(Division of Plant Industry.) 

(a) Ecology.-(i ) Native P astitres.- Studi_es on 
root concentration and chloride content m the 
Danthonici caespitosa grassland and the At_riplex 
vesicaria saltbush indicated· the control of species by 
soil salt concentrations. The growth of grasses in !he 
A. vesicaria community was limited by high chlonde 
concentrations in the 3-9 inch depth (0.23-0.43 per 
cent.). The winter growing grasses could make only 
limited use of soil moisture in the reliable rainfall 
period (winter), and the considerable residue of avail
able rnoi.sture was utilized by .11. vesicaria in the 
warmer per iod of the year. 

Phenological studies on plant species of the Danthonia 
caespilosa grassland have resulted in the recognition of 
two distinct g1·oups: autumn germinating-spring 
flowering, and autumn or spring germinating-war m 
season flowering. 

The grazing trial on Danlhonia caespitosa grassland 
Liu; bee11 continued. Seedlings which germinated 
subsequent to the winter of 1052 now constitute the 
majority of plants, and are increasing in basal area. 

The main edaphic factors influencing species distribu
tion in the gilgai microrelief appear to be: (i) the 
ability of surface soils to absorb and transmit water to 
the subsoil; (ii) the ability of the subsoil to retain 
available moisture; (iii) the effect of soil structure on 
root distribution; (iv) the effect of subsoil salinity; 
(v) the effect of inadequate aeration induced by water
logging. 

The maximum depth of uniform wetting under 
natural rainfall varied from 12 to 24 inches depending 
on soils. This may explain why semi-arid vegetation 
is characteristic on these soils, and indicates the 
difficulties in introducing and maintaining more produc
tive pasture species. 

(ii) Ir1·igated Pasliwes.-Determinations of soil 
moisture, porosity, and air space of a heavy clay soil 
were made during and subsequent to a period of low 
winter p;·oduction in a subterranean clo1·er (Trifolium 
s11bterrane1t1n)-Wimmera ryegrass (Lolium rigicl·um) 
irrigated pasture. It is suggested that this poor growth 
is not a consequence of low temperature, but is an 
expression of the inadequate aiJ- space at the high 
moisture content found in these swelling soils after late 
autum11 irrigation, followed by winter rains and low 
evaporation and transpiration rates. 

(iii) Popitlation Dynamics.-Principles have been 
developed for the constrnction of a consisteri.t mathe
matical treatment of the various problems of population 
dynam ics, attention so far being directed to the -problem 
of interspecific competition. Three types of int-erspecific 
compctitiou have been distinguished : "imperfect" 
"perfect", and "byp_erperfect ", .depending on th~ 
Y~lue ?f th~ product am the Lotka-Volterra equations. 
~m:phficati~ns of the normally quoted inequalities and 
lmuts resultmg from these equations occur when com
petition is perfect, as it wi11 be ~n many instances of 
importance to natural select10n and evolution. 
' · M?tabolf,c efficiency " _is as importa11t as" reproductive 
efficiency to the sul'V1val of the species. · 

~he proper~i~s of an "a_social " sexual species in 
winch the ind1v1cluals move m a random maimer ha11" 
been considered and compared with those of a "social" 
J~op_ulation in :vhich sparsi!y of population does not 
li.m1t repr~duct1ve opport~mty. A " population phase 
diap;ram" 1s d~veloped wh_1ch represents the equilibrium 
states the asocial population will assume accordino- to 
the favorablene, s of the environment a;1d the initial 
popul_ation density. ~inetic aspects have also been 
examined and conclusions reached as to the selective 
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ddvantage conferred by sociality and the conditions 
under which inoculation of an environment with an 
asocial organism will be successful. 

(d) Plant Species and Strain 1'rials.-In 1~53, 
when late rains limited growth to w~nter and spring, 
Lo limn rigidu.m and Trif oliurn hirturn outyielded 
other introduced dryland species. S~lectio17s were made 
from 130 inigated species and strams which had _b~en 
growu iu rows or small plots for three yea.rs. Prom1smg 
new material includes strains of Phalaris coerulescens, 
Ji'esluca elalim·, Poa iridifolia, and M edicago solei_rolii 
for areas irrio-ated in autum11 and spring, and Panicum 

"' . d d . col01·cdm1n for areas irngate urmg summer. 

(e) Behaviour of Allcali Clays under I rriga:tion.
Gyps urn dressings did not improve the y1e~d _of 
\Vimmcra ryegrass-subterrnuean clover J?asture m 1~s 
second year of growth, although they mcreased soil 
porosity. The growth of rice as a pretreatment crop 
improved the establis~mcnt of yVimrnera ryegrass, but 
did not affect the yield of either ryegrass or sub
terranean clover in their second season. 

Irrio-ation of summer growing pastures for several 
years has not permanently reduced the chloride content 
of the top foot of soil. · 

Exposure of the surface of an alkali clay_ allow_ed _the 
destruction of. water-stable aggregates by ram or irriga
tion water, but flood irrigation did not reduce aggrega
tion where a pasture cover was present. 

(f) l'la.nt Nulr·ilion.-A pot trial using grey clay 
~oil and sandy loam soil taken from areas which ~ad 
been under native pasture, and from other areas wluch 
had Leen under fertilized frrigated pasture for six 
years, demonstrated that-

(i) "Krilium ", while greatly improving tbe 
aggregate stability of both loam and clay soils and 
reducing the mass shrinkage of the latter, depressed 
yields on the clay soils and increased them slightly on 
the loam soils. The effects of " Krilium " were more 
marked on soils which had not been irrigated. 

(ii) The virgin clay soil outyielded all others, even 
thou"b the irrigated soils bad received from 12 to 24 
cwt. ~f superphospbate in the previous six years. 

The soils which had grown irrigated pastures for six 
years bad accumulated a surface horizon of undecom
posed plant material which bad been removed before 
potting. This material (about 5 tons/acre) he~d the 
equivalent of 12-cwt./acre of sulphate of ammoma and 
4-6 cwt.jacre of superphospbate. 

(g) Hydrology. - (i) Irrigation Hydraulics. -
Studies of the hydraulics of surface methods of irriga
tion have led to work on the hydraulic properties of soil 
surfaces and vegetative cover. A flume of adjustable 
slope is being designed for the measurement of these 
properties. 

(ii) Mathematical Physics of Water .Movement in 
Soil.-Theoretical studies have resulted in the develop
ment of simultaneous partial differential equations 
describing the movement of liquid, vapour, beat, and 
solutes in a soil of stable structure. Solutions of tlrnse 
equations for particular boundary conditions describe 
the movement of water, heat, . and ~olutcs during the 
course of such phenomena as infiltration, drainage, 
and evaporation from soils, and can also add to the 
understanding of snch concepts as "field capacity" and 
"wilting point". Work to date has dealt mainly with 
infiltration, the solutions secured giving soil moisture 
as a function of time and depth. 

(iii) Fielrl Ca.pacity.-It was shown experimentally 
that tbe "field capacity" as commonly defined varies 
with the depth of water applied. This result bas bee11 
coufomed by mathematical-physical studies. 

(iv) Evaporation.-Preliminary measurements have 
been made of evaporation from soil columns with water 
hel<l at a range of depths. Saline and non-saline water
tables were used. Evaporation from the saline columns 
was less than from the non-saline, the discrepancy in
creasino- as the salt concentration near the surface 
increas;d with t ime. 

A somewhat simplified mathematical analysis of the 
physics of evaporation from soils has given a relation
ship between evaporation rate and water-table level 
which agrees with this experimental result. lt is pre
dicted that, in evaporation from an initially saturated 
soil column ( no under-drainage), a period of constant 
evaporation is followed by one of decreasing evapora
tion. This has often been observed experimentally, but 
does not seem to have been previously deduced by 
quantitative physical analysis. 

(v) TT avour .1.lfovernent in Soils.- Expcrimental 
studies of isothermal water vapour movement in a sandy 
soil indicate that the simple theory of vapour diffusion 
in porous media proposed by Penman bolds reasonably 
well. 

(vi) Irrigation Probe.-This work is being extended 
over a wider range of soil moisture, using a new 
penctrometer of hydraulic type. 

20. PASTUR.E INVES'l'IGATIONS IN WES'l'ERN AUSTRALIA. 

(Division of Plant Industry.) 

(a ) Grazing Management Experiment, Perth.- This 
experiment, involving a comparison between continuous 
and autumn deferred grazing on a subterranean clover 
pasture, bas been in progress since 1949. A considera
tion of the results suggests that 2¼ wether sheep per 
acre approaches the maximum for annual pastures in 
the Pe-rtb environment. Towards the end of the 
1953-54 summer period, loss in sheep weight was greater 
under continuous grazing than with deferred grazing, 
thus confirming results obtained earlier. Under 
deferred grazing Bromus rigid·us was the dominant 
grass species, while under continuous grazing Wimmera 
ryegrass was dominant. There was no difference in the 
proportions of clover and cape-weed on the two treat
ments. 

(b) Grazing and Rotation Experiment, Wongan 
Hills.-This experiment, which is being conducted in 
co-operation with the University's Institute of Agricul
ture and the State Department of Agriculture, was 
commenced in 1946 and with the completion of the 
second 4-year cycle has now been terminated. Two 
points have been definitely established: (i) the signifi
cantly rapid build-up in soil fertility under subterranean 
clover and to a lesser extent with lupins in a pasture
pasture-pasture-wheat rotation; (ii) the detrimental 
effects on soil fertility of continuous cropping with 
oats. 

(c) Species and Sfrain Investigations, Kojonup.
(i) Phalaris tuberosa.-The study on the effect of row 
spacing on yield and persistence of this species was 
e-ontinued. Last year's data confirm tbe be11eficial 
rffects 011 yield per unit area of wide spacin_g (35 and 
49 incl1) as compared with narrow spacing (7 and 21 
inch) , and also the increased yields from inter-row 
cultivation. 

An experiment to examine the effects of nitrogen 
fertilizers and increased water supply has just com
menced. 

(ii) Other Pasture Grasse.s.-Studies on four peren
nials, Phala.ris tuberosa, Ehrharfa ca.lycina, Oryzopsis 
rniliacea, and Hypa1·rlumia hirta commenced in 1954. 
More comprehensi~e trials with other grass species are 
being designed for 1955. 

(iii) Subterranean Clover.-A sward trinl involving 
fifteen .cb-ains, initiated in 1050. was continued. Result~ 
from 1953 confirm the marked superiority of the two 
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strains L eeds and Hill's Small over the commercial 
Dwalganup strain for spring productiou. Several years1 

data from single spaceu plants indicate a linear rob
tionship between time of matnrity and yiel<l of total 
tops and seed. 

(iv) Gereals.- V ,ariety trials with wheat, oats, and 
barley were continued. Wheat grain yields, in con trast 
to previous years, showed no significant effect of 
earliness of maturity ; differences between individual 
varieties were small. A number of oat and barley 
varieties will be tested foi· winter production and grain 
yields in 1954. 

(d) Plant Nutrition Studi{}s.-(i) Pol Oultur.:i 
Experiments, P erlh.-Studies on factors affecting zinc 
response in s11bi~'tTanea11 clover have been continued. 
Response to applied zinc depends on the percentage of 
total phosphorus in the plant tops. This effect appear8 
to be due to rc<luced efficiency of utilization of absorbed 
zinc rather than reduced absorption of zinc per se. 

(ii) Field Experiments, Kojonup.-The influence of 
seasons on zinc: response in three straii1s of subterranean 
clover is being examined. I t is hoped to !'elate dif
ferences iH 1hc n·~po11,;c obtained from zinc applicatioHs 
in 1952 and 1953 to rainfall, light energy, and tem
perature. The effects of varying initial rates of appli
cation of both superphosphate and rock phosphate on a 
clover p asture were examined over a two-year period. 
A. marked growth response from rock phosphate was 
found in subterranean clover, but not in volunteei· 
cape-weed. The phosphorus recovered in the pastUl'e 
over the two years was much higher from superphos
phate than from rock phosphate. n.nuual dre.ssings of 
superphosphate are being compared with single heavy 
in itial dressings. 

Studies with sulphur are continuing. All responses 
so far have occurred on land not recently cultivated. 
The relationship between cuHivation and sulphm· 
response is under study. 

(e) Soil F'erl ili/:y Sl1Ldies, Kojun11,zJ.- Prcliminary 
results from scYcral long-term projects commenced in 
1952 outlined in last year's Report should be availab1c 
next season. 

(f) Ecology of 1lnnnal :1.'ype Paslures, J(ojonup.
These studies are concerned with the factors affecting 
changes in botanical eomposition in annual type :Medi
terranean type pastures, and in particular the effects 
of seasonal eon ditions. It was demonstrated that 
increasing phospl1:ile level is a!'soc:ia tcd w.ith a decrease 
in the percentage coittribution of Erodimn botrys and 
an increase in cape-weed. The percentage of subter
ranean clover rises Ol" falls with phosphate up to 
moderate levels, b11t inrnriably decreases at high phos
phate levels, presumably duo to competition from cape
wecd. Further studies of changes in botanical com
position on clover pastures were initiated in 1953. 

21. P .L\STUirn INVESTIGATIONS 1N SoU'l'JH•;AsTERJS 
Q UEENSLAND. 

(Division of Plant Industry.) 
(a ) Coastal Lowlands.-(i) Ecological Survey.

The ecological sun·ey of the coastal lowlands of south
eastern Queensland, popula r1y known as the "wallm:n 
country", was continued. The whole area forms a 
narrow coastal plain of gently undulating topography, 
scarcely :inywhcn? exceeding 300 feet above sea-level. 
T his study i~ heing used to plan and locate detailed 
projects on the nutrient deficiencies of the soils within 
the region, and to give a wider basis of application of 
the results of experiments wi1·h pasture species and mix
turrs in progress. 

(ii) Pastiwe Species and Mixtw·e~.-The eucalypt 
forest and the tea tree forests occupy the greatest areas 
of the coastal lowlands and four sites 40 and 50 milef 

north of Brisbane have been selected for field experi
mentation--two in the eucalypt forest, E limbah and 
lleerwah , and two in the tea tree fore.at, Beerwah and 
Glasshou se. 

Subtro1}ioal and t ro pica! grasses and legumes arc 
being tes ted in grass-legume mixtures, but some testing 
of t cmpe.rate species is also done. Grasses of the genera 
J>aspal1,m and Panicum are giving the best results, 
but se"'e ral other species, notably Brachiaria pur
puruscens and Pcrvnisetmn clandeslinum-tbe latter in 
the peaty tea tree soil at Glas.shousc--have given good 
yields an d persistence. A. number of 11scful grasses 
can he g Town provided adequate nutrient supplies are 
ensmecl. The soils are acutely <leficient in nitrogen, and 
especial attention is being gil-en to the lEli:,<YUme com
ponents of the pastures. 

T ho low nutrient status o·f the soi.ls is the critic;1,l 
limitation i11 the growth of legumes, but the prevalence 
of 11<:macodea, of the bean fly Ag1·omyza phaseoli, and 
of " little leaf " r irus-probably allied to "big bud" 
of romaro-and difficulties in achieving effective 11odu
latio11 n.ll ~c1·1·e to compl icate the situation. N cYerthe
!1•~• !!ooJ .-.ta1:'1s of De1,modiu1n spe<:ies Indigof1Y1·11 
endecapl,:ylla, Phaseolu$ lalhyr9idcs, and ' S tylosa.nthes 
boje,·i have been achieved. White clover, Tri/ olium 
repens, h as per.sisted we11 and given valuable winter 
and spring production when properly nodulated and 
acleyuntcly fertilized. 

( iii) P lant Nutrition.-Field and pot culture 
studies are directed towards ascertaining nutrient defi
'.'iencies using ~eg'.1111es a_s indicator species. T . repens 
1s u.scd a:; the rnd1cator m the winter aspect, Phaseolus 
lath yroides and Desmodimn 111icinat1t1n in the summer 
aspect. 

Selected soils on the experiment sites at Beerwah 
F:limbah. _llnd Glasshouse were examined by the Divi~ 
s1on of Soils ( see Chapter II.) . The soils are extremely 
low in nit rogen, phosphorus, and bases. They are also 
extremely low in bn.se exchange capacity and arc pool'ly 
huiiered. Their pII values are from 5.2 to 5.4. 

,irtu::Jly no growth of legumes can be obtained eithe1· 
in 'P?ts o r iu fi?ld plots unle~~ phosphorus is applied. 
Calcium, potassrnm, copper, zmc, and molybdenum are 
n.lsl? defie icnt aud progressive yield responses to appli
c,~ t10.n of ~ll()SC elements arc obtained. A. similar study 
o! m: s01ls from the ~Iaryborough-Boonooroo plain 
g1\·"'s parllll'Jl results. These soils also show extreme 
d~.fici_euo~ of p hosphorus. The severity of the defi
ciencies 1-s greater with increasino- depauperization of 
th e ende---l1ic -flora-from the eu~alypt forest of the 
better-drained ridges dO\m through to the extremel.r 
dcp :rnper-ate heaths of the waterlogged plains. 

There is Lut scanty knowledge of tbe normal chemical 
com position of the subtropical grasses and Jeo-umes 
1,nd no charncteri~ation of their foliar symptom: who; 
on~ or more nut;1·1ents a r~ deficient. l~haseolus lalhy
roules. Desmodium uncinat-um, lnd·1go/era endeca
phy lla. Paspalwrn dilatatum, and Paspalum scrobicula-
111 m are being grown in water culture to ascertain the 
c:outeut.s ot· the essential ~lement? in the healthy plant 
n.s well as JU plants grown m nutnent solutions critical!, 
!ow in th.es<' elements. A similar study of T. 1·epen"~ 
1s also bm.ug mad.e, partly_ as a che~k in technique and 
partly to extend mformat10n on this species to incluil<> 
trnce elernc1.1t contents. 

, , (_b) S'fear Gra.ss (Hetoropogon contortu Regim~.
I Ins rog~on of abo\tt 43,000,000 acres includes the sub
c,~ast n.I foothills an~ ra_ngcs of the Mary, Burnett, 
!1tzroy, a n~ ~m-dekm River watersheds. H. contortus 
is ch11ractenst1call~ present to a greater or lesser extent 
on the wh ole of tb1S country and forms 75-90 per cent .. 
of t he pnsture on about one-third of the l and. About 
l,?00,000 beef ca~tle are grazed in the area, together 
with 476,000 dau·y cattle, the latter on the more 
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~avo:·able a reas. The soils are of low fertil ity, the ra1n
f_all .1s generally over 30 inches per year, and there is 
little or no use of crops or improved pastures except oa 
the more favorable sites, where dairying is just 
practicable. 

The earlier studies on the natural pastures of this 
region have now been terminated. These included : 
yield, botanical composi tion, and chemical composition 
of the spear grass pastures, the effects of burning 
off, and the problem of regeneration of the eucalypt 
forest. It is clear that the level of productivity from 
t.hese natural pastures is far too low for :rny appreciable 
economic improvement to he based on them . The use 
of fire is the direct result of the low quality of the 
natural pastures when mature and dried off during th:~ 
ll"i.uter. In turn the burning of tho pastures is a major 
factor in the dominance of II eteropogon conto1·tiis in 
the zone. R egeneration of eucalypls is regarded as an 
expression of the lack of density and vigour of tLe 
natural pas turns, and killing the reg en era ti11g stands 
dues not eliminate the fundamenta] cause of th is serious 
rconomic problem in the beef cattle industry. 

Experiments are in progress to devise pastures which 
will simultaneously overcome the low productivity, the 
necessity for burning, and the regeneration of the 
eucalypts. They include testing a range of species and 
mixtures 1mder more favomble nutr ient supply. The 
111t1u1 cxperime11ts are being done at Rodd's Bay 
station, 30 miles south of Gladstone, with less detailed 
studies at Calliope station, 30 milc.s in land from 
Gladstone. 

Phaseol1ts lathy1·oides and l1l edicago saliva have been 
nsed as test plants to determine nutrient deficiencies on 
I he Rodd's Bay soils, using a com bi.nation of field arnl 
pot cultuxc tests . . Phosphorus is the major deficiency; 
Hrn all hut significant responses baYe been obtaine<l in 
the field to potassium and molybdenum. In pot cul
tures small increases were also given by calcium and 
~ulpbm·. Field trials at Rodd's Bay include test rows 
of selected pasture and browse species and small plot 
studies of grass-legume mi.'l'.tmes, all under intermittent 
gr::izing. 

.\.n area of 250 acres of spear grass pasture was 01·er
sown with Townsville l ucernc (Slylosan/.hes snnclaica) 
in December, 1949, and fertilized with 1 cwt./aere of 
~u perphosphate at seediug and again in December, 1951. 
The legume has now built up to a reasonable level and 
during 1!)53 a defiuite improYement in the stock was 
appnrent. A comparison of carrying cnpacity :md 
live-weight of cattle grazi11g on the spcnr grass alone 
aud spear grass plus Townsvillc luccrne i s being 
rommcuce<l. 

( r·) Sown Pastures on Blaol.; Soils (Cooper Labora
!01·y, Lawes).-( i ) Lucerne and Paspalum scrobicu
lutum.-High yields of nutritious fodder arc given hy 
I be: grass P. sc1·obici1latmn, but its relatively low protein 
content docs not provide the lactating Cll'C or the lamb 
with enough protein for maximum growth of the lamb. 
Snpplemented with luccrne (J.11eclicago satiaa) a high
producing well-balanced ration can be achieved. A 
mixture of the two species, either in inter-cultivated 
rows or i11 swards, results iJ1 lower total production of 
nutrients for sheep and in increased weed growth as 
compared with separate stands of the two species. 

T he period of growth of lncerne closely reflects the 
iucidencc of seasonal rainfall, whereas with P . scrobicu
latmn the period of growth is JJrimarily determined 
by temperature and only the yield is a reflection of the 
rainfall. The grass makes its main growth during the 
higher temperatures of late spring and summer; the 
lucerne, however, will make substantial growth dur ing 
the winter period provided that soil moisture is present. 
Winter production in lucerne can therefore be in
creased by row cultivation, because there !s a reduction 
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in the use of water by the lucerne rows in the summer 
months, on account of the reduction in gross yield at 
this period when soil moisture and temperature are both 
foxorable. 

}u:1 experiment was commenced to measure produc
tion from three pastures, viz. (i) a mixture of P. 
scrobicu.latum and Jl/I. saliva in swards ; (ii) separate 
rtrcas of P . scrobicu.lat1im in swards and .M. sativa in 
rows; (iii) a mixture of P . scrobiculatum and 
Phaseol'us lathyro,ides in swards and 111. sativa in rows. 

( ii) Digeslibilily and Yield of Selected Subtropical 
Pasfore Spccies.-A study of the yield of digestible 
nutrients, using sheep in pens and in grazed plots, from 
rhe most promising pasture grasses and legumes was 
t·ommcnced. Attention is being de·voted to the use of 
" tracer " techniques. Paspalum scrobiculatum, Pani
nwi 11wximinn Yar. trichoglume, and Urochloa pullulans 
nre being fed . 

(cl) Plant Biochwniistry.-A research p rogramme on 
1.hc chemistry of subtropical pasture species was com-
11tencccl. In conjunction wi th the studies of digestible 
nutrients in these species, a programme of lignin 
analysis was l)egun. The lignin ratio technique, which 
elsewhere has been used successfully to estimate digesti
bilil',y and intake of feed by grazing animals, seemed 
nftcr modification to be the most promising method. 

Pl'r.limi1161·,y work has l,een commenced on the study 
of protein metabolism in selected subtropical pasture 
cpcde.s. The effcC'ts of pota~sium deficiency on the free 
muino acid content of some subtropical legume species 
are being studied. The :findings are consistent witli 
Hothamstcd studies 0:1 the nitrogenous metabolism of 
barley ,d1ere a diarui ne, putrescine, was shown to 
nrcunwJa te in relatively high concentrations. The 
1rnrk is bring extended to the possible e-ffects of de
ficiencies of essential elements other than potassium on 
l,io<'h~mical processes within the plant:>. Techniques 
arc bci11g dcsigm-d to make semi-quantitative measure-
111<.'nt of organic ::cids, a-keto-acids, and amines. 
Uhromatogl'aph.ic techniques for estimating the cation 
1111d anion contents of the plants are also being sought. 
l)<'Lcrn1ination of the function of certain elements is 
the lonfr-term objective, but the immediate aim is to 
ckfo:c the nutritional rcquil'ements of subtropical 
~j ,cc1es. 

Chemical analyses for nitrogen, :::r ude fibre, calcium, 
phosplrnrns, potassium, copper, zinc, and molybdenum 
nrc being made !1S a service for colleagues concerned in 
field and pot cultnre studies. Tests for free and com
hi11cd hydrOC'J1auic acid and alkaloids were done 011 

n·c<'ntly introduced plants. 
(1:) Legume Bacleriology.-.A study of the problems 

of symbiotic relationships of subtropical and tropical 
legumes has heen •commenced and :field collections of 
r.hizol;ium from m1tive and cultirnted leguminous 
~pecie~ h aYe been made. 

Teclmiques were studied for testing Rhizobiurn 
s l raim for eirectil·eness, particularly as cowpea is the 
~rnndHrd test host for most of the strains required in 11. 

subtrop iral area. The standard United States Depart
mrn t of . \ p;ricult urc technique using a clolomite-saml 
mixture irrigated with acid culture solution appears 
promising. 

\\"Tork ,n1s commenced on the assessment of the nodu
lation habits and e:ffect.iYeness of StJ1loscmlhes spp., 
J>:lrtirulaTly S. sundaica and S . ,gracilis, in order to 
form nn opinion of their potential worth as nitrogen 
nccumulators. 

(f) Plant Breedin_q.-W ork was commenced on tl1e 
genctical aspects of selected pasture legumes and grasses 
relevant to tliei r improvement and adaptation to coastal 
nnd subcoastal Queensland. Th<' species selected 
inr·lndc thn.<c found to be promising by the agrosto
logica I work of t he B risbane Laboratory, and related 
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spee1es with desirnble e:haracters: The legum~s studied 
include lucerne (ltledicago salil'a) and white clove;· 
( 1'rif olimn re_pens) ancl others in _the following genera: 
Indigofera., Phaseolus, D~smodmm,_ Leucaena, an,l 
Stylosanthes. Gra~ses stuche~ are mamly ~f _the genera 
Prispal111n and Pa.nicum, and m these apomuns preve_nt.:; 
the development of var~ation by or~iua1:s br~edmg 
111ctl1od,;. Special tcchmques are bemg m_vest~gat~d 
to over-come this barrier. The mode of polhuat1on m 
Pha~eol1ts spp., 8tylosrmthes gracilis, Leucaenft glm~ca, 
JJesinocliwm spp., and Indigofem spp. lS hem~ 
examined. The Phaseolus spp. and Slylosanlhes 
r1racil-is are autogamous, while L. gla11ca is allogamous. 

Interspeeific crosses h~_vc been attempted b_etwee;l 
the annual P . la.thyroides m:d tl1e pcre1:m~l I • 
/,radealus. nurl hctll'ecn appropriate species w1thm the 
,,en us Des11iodimn. 
b Hesist.a nr·e to a yellow virus allied to bi_g bud of 
tomato to the nematode 11Ieloidagynae incognita, ~nd to 
the bc~n fly 1lgrornyza phaseolii is being sought. rn th0. 
subtropica.l legumes. 

22. B101•uysrcAL RESEARCH. 

(University of Tasmania.) 
(i) An automatic apparatus for obtaining con

tinuous records of electric potential~ at a number of 
points in the neighbourhoo~ of gro\\'.l~. roots has no,; 
been constructed and used m test expenme_nts. Th_es, 
records have given interesting preli11;1inary m~orma~lOTI 
with regard to unexpected short-penod_ electnc ?scill~
tions which take place when the growrng root 1s suo
jcc:ted to certain stimuli. 

A oTeat deal of pioneering work had to be done to 
get tl1is auto~natic apparatus to _fulfil ~be r~t~er 
stl'ingent reqmrcments 1n1.posed o~ 1t.. ~t 1s belie, eel 
that the instr ument as now workmg 1s m ad~anc~ ~f 
anyth ing _yet recorded for the puqJOse for which it 1s 
designed. 

(ii) A study is being conducted of electri~ potenti:tl 
and potential changes ,yhen. :fine probes are mse.~ted _m 
a NileZlci cell. The obJect 1s to study ~he elect11c p10-
cesses associated with movement of ions across the 
boundaries within t.he cell, and in particular the roles 
played by the plasmalemma and the tonoplast. 

IV. IRRIGATION. 
1. GENERAL. 

The productiou of crops under i1_Tigation r~qui_res 
specialized techniques! and the cont~nued application 
of water to the s011 can result m problems not 
encountered in drv land agriculture. The deterioratio11 
of land under ir~igation is a world problem of great 
m11gnitude. 

For the study of ways in which irrigated land can 
be made to keep its fcrtili~y, 11:nd waterlogged la;id ~an 
be r eclaimed, the Orgamza t1on has two Irr1gat1011 
R esearch Stations: the Commonwealth Research 
Station (Murray Irrigation Areas) a_t ll'~erbein, Vic
toria, on the Murray River, a_nd ~he Irngat1on Res':arch 
Station (M.mrumbidgee Irrigation Areas) at Gnffith, 
New South Wales. Both are situated in the midst of 
important irrin-ation settlements and keep in close 
touch with the ~ettlers. The work of these two stations 
is reported in this Chapter. 

Research into soils and their behaviour under irriga.
tion has been canied out at both Merbein and Griffith 
in close co-operation with the Division of Soil.., (see 
Chapter II.) . 

Studies on irrigated pastures are carried out a 
T'eniliquin New South Wales, by the Division of 
P lant Ind~stry (see Chapter III., Section 19), and 
other investigations of irrigation techniques for 

northern tropical areas are carried out ?Y the Land 
Research and R eO'ional Survey Section at the 
Kirnbcrlrv Resem·ch

0

Station near Wyndham, Western 
J\ nstral ia" ( see Chapter XI., Section 3) . 

2. OouM0Nw1,uLTH RESEARCH STATION (MumtAY 
InmGATJON A1tJtAs), :M:ERJ3E.IN, V1cTORIA. 

The Commonwealth Research Station, M~rb_ein,. is 
r-011c:Prned with pl'oblems of production under ur1gat1011 
nlong some 300 miles of the Murray valley, ?entred 
on the :rvrild ura district. The crops grown include 
vine and tree .fruits, citrus, vegetables, pastu~·es, and 
fodder crops. Irrigation water is pumped m some 
districts but gravitated in others, and most of the 
horticultural al'eas have been tile drained. 

An irn portan t part of the Station's work deals with 
the reclan1ation of deteriorated horticultural lands 
ll'hich baYc not responded to tile drainage. Water 
usage in Yincyards is being esamined to assess the 
1·cqui.rements of drainage systems. 

Of the horticultural crops, vines for dried fruit are 
the most important. It is pleasing to record that t he 
yield potential for sultanas as indicated by the May, 
1053, bud examination and by later bunch counts 
was fully real ized in 1954, and that there ·was a 
minimum of loss from disease and from harvest 
damage. Currant yields were low, however, and little 
in the wa_y of conclusive results emerged £'.·om c?m
parisons between hormone sprays and cmctunng. 
IuYestiga tion of some of the components of sultana 
yield is being continued, and of manurial and cultural 
practices. 

}\uther investigations of flowering and fruiting in 
citrns have been made, and the programme of tomato 
breNli11g foi· field and glass-house has been maintained 
with the collaboration of the Division of Plant 
Industry. 

(a) lrrigal-ion, So·il P1·eservation, and Recla·mation. 
-A systematic investigation of drainage conditions 
at Henrnark, South .11.ustrali.a, has been continued from 
earlier years. Mauy of the soils in this settlement 
arc very heavy in the upper horizons, but are under
lain by beds of sand starting at 3-50 ft. from the 
surface. With irrigation, these aquifers have filled 
with saline waters, and deterioration of land and vines 
has followed. 

Tile drainage as practised in other areas of irrigated 
viticulture in the Murray valley has been tried and 
found unsatisfacto1·y in these bea vy Renmark soils. 
For some years experiments liave been in progress to 
asce1·tain the effects of pumping this saline ground
water from the aqnifers in order to encourage leaching 
of salt and soil improvement in the top 4 f eet or so 
actuall,y supporting the v ines. 

Pumping from four bores took place during the 
year, but as in other years there bas been difficulty 
in getting continuous pumping. It is possible that 
this has been a factor in the lack of definite response 
of heaxy soils to this method of draining. 

The numbel' of piezometers installed has been 
increased and ground-water observations have con
tinned. Magnitudes of the rnrious gains and losses 
of underground 11·atcr have been calculated, and while 
exact balance has not been achieved the information 
obtained allows preliminary calculations to be made 
for predicting the behaviour of possible future drainage 
s_ystems. 

(b) Land U sc.- Soil surveys are still bein,,. made 
by this Station, primarily to answer local q~estions 
on land use. The soil _sur'vey begun last year of 1,300 
acres of l and at N ang1loc and Coliguan, Victoria, has 
now been completed; this area is a r ecent private 
development of land near the Mmray, with citrus and 
vegetables under sprinkler irrigation as the main crops. 



A. further ::130 acres nas Ileen added to the soil map 
t,hat the Station supplied in 1900 for a proposed irriga
t.ion area, largely for horticulture, at Buro11ga, New 
South Wales. 

Reports have also been made on two areas of river 
flats totalling l :,lOO acres in connexion with proposals 
by pastoral companies for establishment of irrigated 
pas tu res. 

.Another aspect of land-use studies is the renovation 
of laud on which vine growing bad been abandoned 
at Woorincn. Nearly six years ago two such 
areas were selected there for the growing of pastures 
and lucorne, so that t.he value of this alternative land 
use could be seen ancl the val uo of such growth in 
fitting the g1·oun<l' for a return to horticulture deter
mined. Establishment of pasture and l ueerne was 
~atisfactory altl1ongh neither has been very productive, 
and both areas will probably be planted to fruit trees 
ne:,.1; spring. 

Close association has continued with the acti\'ities of 
the Wakool Land- lJse Committee, which has emlJarkod 
on an extended programme. Analyses have continued 
at Merbein of the large number of soil samples taken 
from the Committee's plots after seven years' irriga
tion of winter and summer pastnres. An exploration 
is being made of factors which might have contri
b11ted to the invasion of Wimmera ryegrass and sub
tcnancan clover past.ures by bastard barley grass. 
TJ1c indications are that soil salinity is not t.Jie deter
rniuilig factor. 

(c) H orf.irnllu.rc.-The analysis of crop development 
in tlte sultana has been con tinucd, with bud ex,unina
tion in May, 1!)53, indicating an aver age crop potential, 
-!ii per cent. of the buds 1eing fruitful. Bud bmst 
,rns sc1·eJ1-t:en days later than in the last few seasons, 
b11t the May figur es fo r fruitfulness were coniirmed 
b.r tJ1e October examination. Good weather and a 
disease-free gr o11-ing period gnve a good yield. The 
district sampling by the Station showed an average 
size of bunch and percentage of sugar higher than for 
last season. 

For May, 1954, the bud examination figures are the 
third h ighest ( G2) for percentage fruitfulness and 
the second highest for primordium size fo r the nine
.rear period for which comparable figures are availabln. 

A comparison of May and October fruitfuh1ess over 
the last two sea~ons of vines in the recently established 
soldier settlenwnt at Robimalc with that of the older 
Yines of the Snnraysia district shows no difference 
between the districts. 

,\ sult::i na cinctming tria 1, to determine whether 
cincturing ,could increase yield in a season of low 
fruitfnhicss, has now bad its third harvest but it$ 
main object has not been aehieved, because the seasons 
have all been ones of average or good fruitfulness. 
In accordance with earlier findings, vines cinctnred 
for the third t ime yielded less grncn weight of fruit 
this year, and their growth was much weaker than 
that on the uncinctured vines. In the pruning triai 
on sultanas where different numbers of canes liad 
been r et.ained for thee years, all canes being 0£ th,~ 
same length, in the fomth _year all vines were pruned 
to the same number of canes. At harvest those vines 
which previously had the highest number of canes 
gave the least crop. 

With currants, u nfavorable weather and widesprearl 
infestations of bunch mite during the past season 
severely reduced many crops and r endered the yield 
comparisons inconclusive from most of the trials com
paring hormone sprays and cincturing. From the 
one property where definite r esults were obtained, 
vines in their fourth year of spraying with 2,4-D 
rrave a 25 per cent. greater yield than cinctured vi11es, 
7vhile vines in their second year of spraying yieldcrl 
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somewhat better with 2,4-lJ than with p-chioro
phenoxyaret.ic acid (P.C.P.A .) . On two other blocks 
t here appeared to be no differe11ce between the two 
spray materials, while on a further two blocks P .O.P.A. 
seemed to be somewhat bettor. 

There are three trials in the mid-:Aiurray vine
growing districts dil'ected towards the improveme11t of 
vi11e gro,1·th on heavy soils. Two at Woorinen include 
g.ypsum 1rnd sulphu1· dressings, and one of these has 
a "no cLJltivntion" trcatme11t, the weeds being con
t r olled b_y oil spray. These trials, now in their fifth 
,Yt' ar, are still inconclusive. 

·' No cultivation'' is also under trial at the Statiou. 
both as oil spray control of weeds, and as a permanent 
rorcr of white clover. Sultana vines on the oil spray 
treatment arc behaving and yielding practically the 
same as those under normal cultivatio11. The white 
clol'er , however, causes some moisture stress towards 
the end of every inter-irrigation period under present 
irrigation spacing, and although clover treatments 
had more bunches per vine and a higher percentage 
of fruitful shoots than normal cultivation, their final 
yield wa~ much less, owing to their much smaller 
benies. 

.l suJ·vey of vine health at Woorinen was made 
again in December. The finding for the two preceding 
yea 1'S on the same sites was confirmed-a significant 
correlation between vine health r ating and leaf chloride 
-and the improvement in health then observed h ad 
been continued. However, the fact that until this 
Ja,:t survey there was no significant decrease in chloride 
i11dicatos the importance of some factor other than 
ehloride, a.ncl .from the preliminary examination men
tiuneJ in the last report, moisture stress during the 
inigation season was suspected. Accordingly measure
ments of shoot length were made ou selected sites from 
111id-Oc:tobcr to January, and of btmch volume from 
rnid-J auuary to harvest, but the season was an unusual 
one. Until carl.v November cold weather seemed to 
limit growth, and a relatively mild summer from mid
January on caused only a fifth of the sites to show 
,rny halts in bunch growth. 

Use of vine measurements to indicate moisture stress 
11·n_:; examined in more detail on the above-mentioned 
cultmal methods trial at the Station. Shoot length 
was useful till mid-December and bunch volume was 
quite ~atisfactory after early January, but leaves and 
tendrils could not be used. 

l<'or tick beans, which are still the most usual green 
manure crop in these districts, the need for a.nuual 
drcstiings of superphosphate for maximum growth on 
Coomea Ila sandy loam has again been confirmed. An 
extension of the trial to a he::ivier soil ,vas inconclusiva 
because of moistu re shor tage. 

A further trial has been made of various insecticides 
for the rontrol of mealy bugs on vines, and bas shown 
summer sprays of DDT, "Hexane", or "E605" to 
r~ducc the number of mealy bugs on hunches at harvest 
t.uuc. 

. Following previous work by thi~ Station on §!rowth 
of oranges, weekly measurements of the circumfol'Cnco 
of small mature Valencia oranges on a ()'rove at 
~f0rbcin between November, 1953, and F ebrua~·y, 1954, 
sho:rNl tl1~t the . oranges made no appreciable growth 
dunng this period. It had been believed in some 
9mnters that 1a.~e picking . of srn'.111 fruit might give 
1~rrcased pack sizes. Frmt quality was not substan
t.rn lly altered by late picking. 

. I111·estigations of the effects of defoliation of fl.ower
mg shoots on the flowering and fruiting of orano-e trees 
\\'Ne commenced in late 1953. Defoliation was 

0
carried 

ont about one 1;1onth before blossoming. Results are 
11ot yet conclusive. ~ 
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(d) l'tant Nutrients.-The most impor tant n utrient 
for the vine in this region appears to be nitrogen, 
and the Station is investigating the nitrogen sta tus of 
vine and soil under various treatments. It has been 
said that nitrogen is usually the only fer tilizer element 
applied to which sul tana vines respond, but this 
response does not occur on all soils nor in every year . 
On the comprehensive fertilizer trial on the medium
textnri:id soil of the Station, the response to an annual 
dressing of 4 cwt./acre of ammonium sulphate had 
been consistent until 1053, when it was apparently 
masked by an attack of black spot, a larger experi
men tal er ror also affecting this year's harvest. How
ever, a trial designed to test time of nitrogen applica
ti~n on the same soil type also showed no response 
th1R year to 3 cwt./acre of ammonium sulphate, in 
sing_l~ or ~n split dressing~ ; and a long-st3nding 
fert1h zer tnal on a sandy soil a t Red Cliffs, in whicb. 
the ammonium sulphate dressing is also 3 cwt./acre} 
was equally disappointing. 

This position is being i11vestigated by t,,o trials of the 
rate of application of nitrogen, in which ouc treatmeut 
involves the deliberate depletion of nitrogen. In the 
second year this has caused a decrease in yield at one 
si te on sandy soil at :Merbein, but not on the other, at 
the Station. 

Nitrogen has also been applied as a urea spray in 
another exper iment begun last spr ing, and yields tend 
to show au increase with increasing urea application. 
The maximum application was equivalent to about H 
cwt./acre of ammonium sulphate, sprayed on twice a 
week up to the end of December. 

The relation between soil nitrates, end leaf n itrogen, 
and various levels of applied nitrogen bas been investi
gated on the t,1·0 rate-of-application-of-nitrogen trials 
already mentioned. On Coomealla loam and sandy 
loam, sulphate of ammonia or green manure gave higher 
leaf nitrogen, but the level of leaf nitrogen decreased as 
the season progressed. On Munay sand, differences 
were less and values were lower. For soil nitrate in the 
firs t six inches of soil, significant effects from sulphate 
of ammonia and green manure were found well into the 
summer. 

(e) F'ruil Processing.- This is repor ted in Chapter 
XIII., Section 14. 

(f) Vegetables.-The trial of "Krilimn" for soil 
conditioning in glass-houses gave inconclusive results on 
Ourhraa loam last year, and this year a further trial 
has been started on a heavier soil type. 

Work on development of tomato var ieties resistru1t to 
fusar ium ,.-il t was continued a t Red Cliffs. Further 
selections were made on several advanced hybrids and 
some promising lines have been evolved, particularl,y 
for bush type, yield, and fruit quality. It is considered 
that these hybrids are now sufficiently fixed to include 
in comparative field trials. 

Work on hybrids resistant to root-knot nematode ha$ 
al so been continued. One of the best resistant parent~ 
is the variety of IT.E .S. 4242, the seed of which was 
imported from America fo r the purpose, and it has 
been used as oue ptlrent in most of the recent crosses. 

Several first back-cross generation hybrids were 
grown at Canberra and selectio11s inn.de for agronomic 
types; they were allowed to self pollinate and their 
seed was then planted in infected areas at Red Cliffs 
for further selection. 

During the 1953-54 season, 55 nematode-resistant 
hybrids were selected for future work. To determine 
their resistance, roots of all plants were examined 
individually and a rating of O to 5 given for scverit.y of 
infection. Good progress is being made towards obtain
ing a highly resistant tomato with desirable agronomic 
qualities. 

A trial of the effects of methods of farm management 
on the root-knot nematode povulation of soil at R ed 
Oli ffs is still in progress. Host relationship studies are 
being made to give posi tive identification of the prin
cipal nematode present, which is morphologically similar 
to l.leloidogync incognifa (OJ1itwood). Nematodes oI 
several other genern are commonly associated with the 
root-knot nematode in galls on tomato roots. Improved 
nematode resistance in tomato lines recen tl.Y selected 
has resulted in an appreciable decrease in nematode 
population in " r esistant" plots during the past season. 
The barley cover crop used in one treatment is suscep
tible to M. 'incogn·ita, though infection is apparently 
slight or absent. This may be due to low temperatures. 
The vigour of suscepti ble tomatoes planted in the field 
or in samples from control plots is greatly reduced b_y 
sr,"ere nematode attacks. 

3. I RRIGATI0::- RESEAROli STATION ( :M URRUMBIDOEE 

Imuo.aTION .AREAS) GnrFFITH, NEw Sou-rH WALES. 

The increasing age of the :Murrumbidgee Irrigation 
Areas, which comprise two-thirds of the irrigation area 
of the State of New South Wales, has brought to a hea,l 
problems associated with the application of irrigation 
water to the soil. 

E very district bas experienced to some degree the 
threat of waterlogging, while the incidence of salting 
has been so heavy in some localities as to provoke 
grave fears for their ability to maintain their produc
tivity. 

'Ihe work of the Research Station at Griffith has been 
designed to lay the basis for an effective counter to 
waterlogging and salting and to develop more efficient 
techniques in the use of irrigation water. 

Investigations already undertaken have been used to 
launch a large scheme for underg1·ound drainage 
designed to stabilize production on problem properties, 
and this is being undertaken by a combination of 
governmc11t agencies and co-operating farmers' 
organizations. 

Research no1- in progress is designed to increase the 
effectiveness of the scheme, to enable sounder approaches 
to be made to irrigation fanning generally, and to dis
cover means of arresting ad-erse citrus-growing 
phenomena which arc associated with plant nutrition 
and other for.tors and which are to-day posing serious 
problems iu terms of market quality. 

(a) lrrigation.-Stuclies being undertaken at the 
present time arc making it possible to determine several 
weeks in advance when water will have to be applied 
to the farms of the irrigation areas. This means that 
it is possible to indicate when the non-irr igation season 
should be terminated in spring and water released from 
Burri.11juek Dam. 

This permits the maximum time for essential main
teuance work on irrigation structures, while el iminating 
the risk which existed in the past of crops being stricken 
by drought in the non-irrigation season. The work is 
also of importance during the irrigation season m 
determining inigation schedules. 

One method being employed to study the effect of 
\Yeathcr clements and soil moisture on the rate of 
,,ithdrawal of water from the soil by plants under field 
conditio11S is to use tanks sunk ii1to the ground. The 
weight of the tanks can be readily measured to deter
mine the amount of water loss, and continuous records 
nre obtained of the incoming radiation, wind, and 
vapour pressure. 

Data are also obtained on a district basis by follow
ing the moisture content of the soil by means of direct 
sampling from a number of selected orange groves dis
tributed over the irrigation areas. 
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It is in this way that the relation between the 
weather and soil moisture on the one hand and the rate 
of withdrawal of soil moisture on the other is deter
mined. 

(b) Drainage.-Farm-size tests have been in progres:; 
of tlrn feasibili ty under il'l'igation area conditions of 
reclaiming salted laud by tile drainage. Of the two 
experiments on selected salted farms, one has now been 
completed and changes in the soil salt, water-table, 
and health of plantings have been noted. 

In the completed trial, reclamation from the salted 
conditions was completed within two years, with moat 
of the in1provernent occurring in the first year. 

In the trial still being continued rec:lamation bas 
been slower, 01dng, it is believed, to 11ery light applica
tions of irrigation water by the farmer , which have beeu 
insufficient to leach down the salt. 

An examination of the data gathered in the trials 
indicates that salted l and on the Munumbidgee Irriga
tion Areas can be reclaimed by tile drainage and, as a 
result, a comprehensive scheme of tile drained orchard; 
has been initiated to OYcrcom.e the hazards of water
logging and salting. 

The depths and spacing of tho tile drains adopted for 
the various soil types is based on studies canied out at 
the Station iu which short trenches were used to deter
mine the "drain ability" of the soils. 

( c) Soil Sall .-A survey of the incidence of soil salt 
and modes of development of salting is being made in 
a selected portion of the horticultural area. Farme1·s 
are being visitc<l and notes on past a11cl present cultural 
methods are being made. Soil a1Hl leaf samples are 
collected for analysis. Data already examined indicate 
that liability to salting is associaLed with the geo
morphology of the locality. Salting occurs in sand-filled 
depressions of the heavy plain country. Salt damage 
on the he:1Yier soil at the bottom of the rather steeper 
slopes is greater than on the somewhat higher lighter 
soil. The composition of the sal t is also related to the 
geomorphology. Differences are noted in the liability 
of di:/Terent kinds of crops to salting. This survey is 
preliminary to more detailed work on the effect of 
geomorphology on the incidence of salting. 

(d) Horliculture.- The factorial field experiment 
with oranges, embr:1ci11g fom irrigation, fom cultural, 
and four nitrogen ti-catmen ts, and fo1u stock-scion 
combinations-256 different trea tmcnts in a 11-has 
continued. 

The weeds-mown (grass sod) treatment has continued 
to depress tree growth and yield. The health of tbe 
trees on the weC'<ls-mown, no nitrogen plots is very poor. 

The superiority of the bare soil treatment over the 
two summer clean cu1tirntiou t!·catments has decreased. 
In the attributes of size (spread, height, and butt cir
cumference) there is HO significant difference between 
these cultural treatments. 

The yield of the bare soi] treatment in the last two 
years (weight 1111d number of fruits per tree) has been 
slightly lower than those of the two summer clean cul
tivation treatments. 

It bas been found tlrnt manganese deficiency appear
ing in this field is associated with the soil reaction. 
Dressings of ammonium sulphate which reduce the pH 
also reduce the incidence of manganese deficiency, while 
brin.,.i11g up limestone in the subsoil to the surface in
crea~es the pJ:I and the incidence of ma11ga11ese 
deficiency. Trees on tilled plots which received dress
ings of superphospl1atc contain more leaf manganese 
than trees on plots not tilled which did not receive 
superphosphate. When the leaf manganese falls to 

20 p.p.m., 50 per cent. of the trees show visual man
ganese deficiency symptoms. Other symptoms of mal
nutrition are sholl'ing up, mainly in the weeds-mown 
plot, and to a lesser degree in the oil spray treatment. 
These symptoms are suspected to be of phosphorus 
deficiency. 

In connexion with these developments a nutritional 
investigat ion, including analyses for nitrogen, phoJ
phorus, and if time allows, other elements, has begun. 

( e) Planl Physiology-( i) Plant W a le1· Relalions.
If irrigation is to l)e conducted on the soundest lines, 
it is important to understand how conect use of water 
is related to the development of the plant. To achieve 
such an understanding it is necessary to assess first 
the response by the plant to a brief change in the water 
regime. The response to change has been determined 
for the tomato and for flax for a brief period of wilting 
dming otherwirn normal soil moisture relationships. 
'l'wo levels of water shortage were established and in 
the most severe the soil moisture at no time dropped 
below the permane11t wilting percentage. 

In the tomato, tbe response of the individual laminae 
and petioles and of the other plant parts was considered 
in relation to that of the plant as a whole. It was found 
that a higher stem weight ratio and a l ower lamina 
weight ratio were dernloped during wilting, and that 
growth rates were depressed. Upon rewatering, the 
re~umption of active growth was rapid and the change 
in weight ratios \\·as reversed. The changes in growth 
rates were seen to result from the response to treatment 
of the younger laminae and, in all probability, of the 
younger po1·tions of the more mature laminae. The 
changes iJ1 weight ratio were the result of modifications 
to the normal pattern of translocation between plant 
par ts. 

Chemical analyses for nitrogen, phosphorus, and 
protein nitrogen showed that very little nutrient was 
taken into the plant during the water shortage, but that 
resumption of active uptake occurred upon rewatering. 
This uptake was most marked in the younger laminae 
and probably in the younger tissues of the older 
laminae. 

It was evident that the response to treatment occurred 
at some stage before the development of even the more 
moderate water shortage and that it would be important 
to assess the degree of water stress when the growth of 
the plants was first impaired. It was also evident that 
the younger tissues of the plant were the principal 
centres of the response noted. 

(ii) Oilnts Physiolo_qy.-The physiological studies 
of growth and nutrition in fruit trees are rendered 
more than ordinarily difficult by the size and complexity 
of the experimental plant, but studies of leaf composi
tion can be useful in picking up m1trient deficiencies 
which might not affect fruit yield for a number of years. 
They can also be expected to help in the interpretation 
of the e:ffects of cultural and inigation treatments such 
as those imposed on the experimental citrus grove at 
this Station (Farm 466). .Accordingly, leaf samples 
were taken at 6-monthly intervals and determinations 
made of leaf a rea, fresh and dry weight, nitrogen, 
and phosphorus. The samples were taken in such a 
way that comparisons will be valid from occasion to 
occasion as well as between treatments. Among other 
tl1ings, the results show that phosphorus deficiency is 
appearing in certain treatment combinations. 

V . ANIMAL HEALTH AND PRODUCTION. 
1. G ENERAL. 

Live-stock have a fundamental role in the primary 
industries of the Commonwealth and research into 
problems of animal health and animal husbandry forms 
an important phase of the Organization's activities. 



This work is centred in the Division of .Animal Health 
and Production with head-quarters in Melbourne, and 
i& aimed at increasing the general productivity of the 
animal industries by investigation of problems con
cerned with animal health, genetics, breeding, nutrition, 
and physiology with particular reference to reproduc
tion. 

The Division's major activities and the results 
obtained are reported in this Chapter and in Chapters 
VII. and VIII. The work of the Division of Bio
chemistry and General Nutrition on the nutritional 
maladies of animals is reported in Chapter VI. 

Section 12 of this Chapter sets out the investigations 
carried out hy the .Animal Genetics Section, other than 
those on sheep and cattle which are included in 
Chapter VII., Section 14, and Chapter VIII., Section 
7, respectiYely. 

Di,vision of Anirnal IIealth and Proditction.-There 
was little change in emphasis in the work undertaken 
during the year but notable advances were made in 
proYiding facilities for the investigational programme. 
The staff of the Sheep Biology Laboratory has been 
concentrated at Prospect, New South Wales, where 
eonsiderable progress bas been made in the provision of 
laboratory and ancillary facilities. In addition, the 
National Cattle Breeding Station at "Belmont", neal' 
Rockhampton, Queensland, has been developed with 
fencing and watering facilities, the station has been 
stocked, and an experimental programme is under way. 
Plans are in hand for setting up a small laboratory in 
Rockhampton for work on the physiology of dairy cattle 
in a tropical environment. 

Certain changes in senior staff have occurred. Dr. 
J . M. Rendel has become an Assistant Chief of Division, 
to nssist in the further development of the animal 
breedi11g programmes. Dr. R. B. Kelley, O.B.E., 
Assistant Chief and officer in charge of the F . D. 
McMaster Field Station, has retired but is continuing 
as consultant in the work concerned with the production 
of types of cattle suitable for tropical areas. Mr. R.H. 
Hayman has succeeded Dr. Kelley as officer iu charge 
of the Field Station. The officer in charge of the 
Wool Biology Section, Mr. H. B. Carter, has resigned 
and has been succeeded by Mr. P . G. Schinckel at 
Prospect. 

A conference was held a.t Young, New Sou th Wales, 
to discuss problems associntecl with footrot in sheep. 
The conference was attended by representatives of the 
Division and by veterinary officers of the Departments 
of Agriculture and dealt with problems of differential 
diagnosis, treatment, and practical control. 

Co-operative research with other Divisions of thC' 
Organization, with Departments of Agriculture, and 
with the universities has continued. It is desired to 
express appreciation of this co-operation and also of the 
financial and other assistance received during the year 
from the wool industry, the Australian Meat Board, 
the Australian Dairy Produce Board, and the Common
wealth Bank. 

2. ANlll[AL H EALTH RESEARCH LADORA'fORY, 

MELBOURNE. 

(Division of Animal Health and P roduction.) 

This laboratory houses the administrative head
quarters of the Division as well as research staff 
concerned with investigations in the fields of animal 
physiology, general and chemical pathology, certain 
infectious diseases, and microbiological chemistry. The 
main i11vestigations in progress are : 

P leuropneurnonia of cattle ( see Chapter VIII., 
Section 2 (a)) ; mastitis in dairy cattle ( see Chapter 
VIII., Section 2 (b)) ; haematuria vesicalis of cattle 
( see Chapter VIII., .Section 2 ( d)) ; brucellosis of 
0attle (see Chapter VIII., Section 2 ( c)) ; physiology 
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of milk .secretion ( see Chapter VIII., Section 5 (b)); 
toxicity of large rations of wheat (se11 Chapter v;r., 
Section 11) · infertility and physiology of reproduct1011 
in $heep (se~ Chapter VII., Section 12); shea th rot ~f 
wet hers ( see Chapter VII., Section 17 ( c)) ; " toxae1mc 
ja undicc " of sheep ( see Chapter VII., Section 17 ( b)) • 

::. _\fr,M As T1cu ANnrAr. Hr-:M,TH LABOHATORY, SvoNl':Y. 
(Tli,·i~ion of Animal H ealth and ProduL'tioJJ.) 

Tl!io! major inve~tigatio ns undertaken a t thi:5 
LRl,oratcrv incl11cle stud ies on internal and external 
parasites of sheep ( see Chapter VII., Sections 18 and 
10); prol,lems eoncrrnecl witli drought feeding of sl1eep 
(see Chapter VII., Section 10); feeding of beef cattle 
(see 0hn pter \TJII., Section 6); fundament,al studies 
,·n physiology of reprocl11dio11 (sae Chapter VII., 
Sert.ion 12); biochemicfl l st11 dics ; and the investiga-
1irJ11 of ccrt.ain infectious cfoeaseti. During the year the 
work on carbohydrate metabolism and p1'e6rnancy 
toxaemia was transferred to the Shet>p Biology Labora
tory at Prospect. Efforts were made to. find a more 
pffed,i,·e cure for footrot in sheep. The section whicl1 
undertakes fundamental studies in skin tissue cultm-e 
i- ulso h1m,;ed at the :vfo}/Iaster Laboratory. 

Tbe Division of :Mathematical Statistics works 
closely witl1 the Mc 1vfaster La hora tory and the lielp of 
the o!ficPrs of this Division in the planning of experi
ments and the interpretation of results is inrlispensible. 

'!-. \TF.'mRlNARY P,utA8IT01.ooY LAiloIUTORY. 

YEEllONOrJT.r.Y, Ql'F.ENSLA'Nll. 

(Division of Animal Health and ProJuction.) 
Tlii, Lnbflrfltorv was established in 1!)4S to under take 

i II re., tigaii011$ in to parasi tcs affecting live-.~tork, par
ticularly cattle. The Laboratory also provides accom
moclntion alld focilitie~ for officers of the D ivision of 
E11iomolo_!Q' \\·ho are engaged· in imcstigations into the 
1•011nnl of the cattle tick (BoozJh,iliis micropl·us) . 
F11Pilities for field work are provided at Amberley field 
,tntion, 11ea r Ipswich. 

Close co-operation with foe State D epartment of 
.\grir·.ultlll'e and Stoc·k is maintained and is assisted by 
the J oint Veterinary Parasitology Committee. 

Imestigations in progress by office1·s of the Division 
of .\nimal Hmilth and Production include the fol lowing 
stndie.s :-

(a) Lfrm· Plnke.-Stndies on the mo.lluscan inter-
11wtiiat,, !io~t of Fasciola. hepaficci have shown that 
Simlirn,nea suba.qualilis, which is the sole vector o.u 
fl1e 11rn iula11d, is also present u1 Tasmauia. 

The arPn.s treated wtih sodium and copper penta
~hlorophenatPs late in 1952-53 were inspC'cted Gi.-.: 
months after treatment, when it was found that the 
populations in the areas treated with the sodium sa1t 
and the lower concentrations of the copper salt had 
attained pretrPatment intensity. The area treated with 
-!- lb. copper peutachlorophenate per acre as a spray, 
however, gave more promising results for at the time 
nf inspection repopulation was just c~mmencing. 

(b) Raerno11chus contortus of Cattle and Sheep.-It 
was concluded from _obseryations based mainly on the 
mo1·pl1?logy of the rnfectn-e larYae, and on the type 

· of cut1cular vulval process dominant in adult females 
in natural populations in sheep and cattle that the 
so-ra lled ovine and bovine " strains" of H ~ernonchu.s 
conlortus showed specific distinctness. Further work 
involving cytological examinations has been undertaken 
and studies have been made of the chromosomes in 
aceto-orcein squashes of the gonads. 

( c) Ticlc 1'0:i:onomy.-Assistance in the identifica
~ion. of _tick specimens has again been given to various 
m~htut1ons throughout Australia. 
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( d) II ost Reactions to Tick lnfestation.-Studies 
will be commenced in the near future to compa re the 
reactions of British breeds of cattle and Zebu cattle to 
infestation with the tick Boophilus m·icrovlus. 
Reference to some preliminary work on this problem 
at Yeerongpilly was made in last year's R epor t. 

(e) Ticlc Toxins.-Work at Yeerongpilly on dis
tilled-water extracts of the eggs of Boophil11s 11ii~·?plt1s 
has shown that the three major components exlnb1t the 
characte ristic behavious of globulins. The nalll:e 
" ixovo~lobulin " is proposed for proteins from tb1s 
source, and subdivisi on into a, (3, and y components 
is suggested on the basis of their d ifferent mobilitie~ 
in au electric fi eld. Separation of a r el atively pure 
ixovoglobulin was accomplished by ammonium sulph~te 
fractionat.io11. This frnction wa s toxic to ,e;uinea-p1g:; 
when injected subcutaneously. Scp:nation of the (3 
and y fraction wa.s obtai ned by aqneous extraction of 
an alcohol precipi tate of the proteins. This fraction 
also killed guinea-pigs, but appeared to have a slightly 
lower toxici t:y tban the a fraction. 

Other major in vestigations in progress are : Epide
miolog_y of parasitic gastro-enteritis of cattle (see 
Chapter VIII., Section 3 (a)); faecal examination as 
a measure of hclrninth infestation i n cattle (1<ee Chapter 
VlII., Section 3(b)); amphistomes of cnttle (see 
Chnpter VIII., Section 3 (c)); worm nodules 
(Onchorerca gibsoni) in cattle (see Chapter VIII., 
Section 3 (d)); bionomics of infet til'e larvae of cattk 
strong_yles (see Chapter VIII., Section 3 ( e) ); anthel
mintics for cattle ( see Chapter VIII., Section 3 (f)) ; 
hlood minerals in parasit izcd calves (see Chapter 
VIII., Section 3 (.q)); protection ag11;nst body strikE 
in sheep (see Chapter VIT., Section 20) . 

5. F. D. Md,fASTEn Frnr.o STA'noN, BADOERYs Om,;EK, 
NE\v So11Tn WAT.ES. 

(Division of Animal IlealtL antl Production.) 
The year has been a tlry one, with rainfall 7.5 inches 

below the average for the eleven-mon th period to 
31st May. Crops of oats, barley, and sorghum failed 
but millet garn a moclerntc yield. Pasture gTowth was 
satisfactory in the Jamrnry-J\Iarch per iod, but poor 
during the re.st of the year. However, sheep have 
been mnintained in excellent condit ion by extensi,,e 
band feedin!{. Thrre are now 68 CO\\"S in the dairy 
herd, of which 49 arc Zebu cross-breds. 

The work with dairy cattle hnscd 011 Zchu cros~e5 
with Dl'i tish breeds is continuing. This study is 
repor ted in Chapter VIII., Section 5 (a) . Other inves
t igations in progress arc-Inbred flocks of Australian 
Merinos (see Chapter VII., Section 13 (a)); 
inheritance of component fleece characters ( see Chapter 
VII., Section 13 (b)); fleece rot (see Chapter VII., 
Section 13 ( c)) ; studies on twins ( liele Chapter VII., 
Section 13 (d)); the effect of in,;iaired or imperfect 
nrnmmar.v ftmction of the Merino ewe on ability to 
raise a l amb (see Chapter VII., Section 13 (e)) . 

6. SnEEP Bwr.ooy LABORATORY, PROSPECT, 

NEW SOUTH WALES. 

(Division of .Animal H ea1th a11d Production.) 
Durin_g the year it became possible to trnnsfer the 

Staff to buildings on the ~ite at Prospect and this has 
resulted in the closing of establishments at Randle
street, Sydney, and at Villawood, and the transfer of 
the Endocrinology Section frolll the Depar tment of 
Veterinn r.v Physiology, U niversit_y of Sydney. 

Two prcfnb1·icatccl lab?rntor ies hav~ been con_1ple~ed 
nnd occnpicd. Constr uction of the ammal examm at1011 
and climate-co11trolled building- began in J anuary and 
contracts have been let £or the construction of an 
incinerator and of a rabbit house for the .Animal 
Genetics Section. 

T he mam 111vest1gations in progress are concerned 
with: pregnancy toxaemia in ewes (see Chapter VII., 
Section fl) ; comparative breed studies (see Chaptei: 
VII., Section 16 (a.)) ; endocrinology of wool growth 
(see Chapter VII., Section 16 (b)); experimental 
histoloiry of skin and hair ( see Chapter VII., Section 
16 ( c) ) ; studies of skin and fleece devel opment ( see 
Chapter VII., Section 16 ( d)) ; Physical studies of 
wool ( see Chapter VII., Section 16 (e)) ; and routine 
measurements ( see Chapter VII., Section 16 (f) ). 
Th e work of the Merino strains trial (see Chapter 
VII., Section 13 (f)) is also centred at P rospect. 

7. R EGION Ar. PASTOR.AL L.\BORATORY, AR::U:lDALE, 
N E W Sonne 'iV A LF-S. 

(Division of .A11imal H ealtl1 and Production.) 
S ince the acquisition of II Chiswick " in September, 

]047, the work of th is centre has been concerned with 
epidemiological and ecological aspects of parasitism, 
problems of fertility in ewes and sur vival of new-bom 
lamhs, the utilization and ·management of native and 
~?wn pastures and of land units with varyi11g propor
tions of sown and nntive pastures, and the effer·ts of 
grazing management on pa,stures and on animal pro
(luction. This work is reported in Chapter VII., 
Srction 21. 

Thr_ Division of Plant Industry has unclrrtakcn an 
rxtr·n.•1w programme b11sed on a detailed rrological 
-~uney of the New England region. This progrn'inme 
111cl~n.?s plnnt introduction studies, problems of plant 
nutr1hon, :ind the development and maintenance of 
sow1'. pa~tmcs. This work is r eported in Chapter III., 
Section 18, a11d Chapter V II., Section 21. 

"_Chis,Yi<'k " . is one of_ the centres for the study of 
str :1111s of Mel'lno sheep 111 several environments which 
is rrportrcl in Cliapter VII., Section 13 (f) . 

,-:. NATION Ar. Frnr.n 81.'ATION, "Gn.n.uTrr P LAII\S ", 
CuNNA11rur.LA, Q uEENSLAND. 

(DiYision of A_nimal H ealth and Production.) 

The rainfall for tlie t.,relve mollth~ covered by this 
R~po1-t has been approximately 12½ inches, wb.ich is 
shgl1tly below the average. The early months, July
Srp_tem ber, 1953, were characterized by a g-radual 
d rymg of pastures on both the M itchell grass ( Astrebla 
spp.) . an~l mulga (Acacia aneura )-box (Ettcalypfos 
J10/Julifo'7_a) a~sociations. By the end of September 
only 1.1 mchcs had fallen in sixteen weeks. Rains in 
Ortober and November , over 4 inches in all were of 
great assistance to tl1e lambing ewes. The~eafter a 
summer droug-~t followe~ until January-February, 
1954, when 6.'7 mches of ram nsulted in excellent ,o-rass 
growth on both tl1e main associations and o-ood he~~)acre 
growth _011 the Mitchell grass association~ A furth~r 
dry pcn od of fourteen weeks followed until the e11d of 
M~y. However , the standing grass growth on the 
Mitchell grass pa.stu~·es was well preserved. The Jess 
palatable ,e;r ass species on the mulga-box association 
were of ~1ttle value b.v the encl of this period, even 
mulga 1V!itchell (1'\Tenrachne mitchelliana) beiu"' almost 
comp)etcly dry. 1:l" ~vertheless, sheep on the wli~le have 
been m good cond1t1011 throughout the year. 

Iu March, 1954, approximat~ly 4,600 adult sheep and 
2,270 lambs were shorn. A high incidence of unsound 
and ten~er ,voo~ was s~en, the cause of which has not 
been sat1sfactonly elucidated. 

Experimental work durinO' the ~'ear ,vas ~on d • J • h 1 . ,., J ' • cerne 
~am Y wit s 1eep b!·eedmi; and genetical studies (see 
Chapter VII., Section 13) . In all, approximate! 
1.600 ewes were mated and lambed ,1ndei· el b y t' · D · ' oEe o serva-
1011 m pens. urmg the_ remainder of the ear th 

were under paddock conditions. y ey 
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Other experimental work included a stud_y of early 
embryonic mortality. These ?bserva~ions are being 
repeated during the current matrng per1od (see Chapter 
VII., Section 12 ( b)) . 

A study has commenced of the intake of food under 
paddock · conditions by wcthers of the strau1s repre
sented in the strains trial (see Chapter VII., S'ectiou 
13 (/)) . The work is clesig1ied to measure any 
tlifferenccs between tl1c strains rn efficicmy of 
conversion of food to wool. 

Observations on lamb mortality in lambing pens havo 
continued and it is of interest to note that liigltcr los.sc., 
have occurred among lambs from ewc5 wl1ich a re 
~lightly inbred . . 

9. NATJON AL CATTLE-nmrnnrno STN.troN, "BELMONT", 

RocJCHAll[PTON, QUEENSLAND. 
(Division of Animal Health and Production.) 

The precipitation at "Belmont" for the first six 
months of this year was 6 illChes below the district 
mean. Rains for the second six lllonths, although 
about average, were unevenly distributed. Falls wbicli 
totalled 22 inches in January and February caused 
serious flooding of the Fitzroy l{iver. In spite of 
these hcayy faJls the total rainfa11 was some 6 inches 
below; the Rockhampton 81-year annual mean of 
38.95 inches. 

Frequent frosts in the late winter of 1953 caused 
damage to dry pastures. 1~fter 280 points of rain in 
.h1gust it was possible to burn most of the rank feed 
and a good shoot of nutritious grass followed. 

(a) Paslures.-T11e total feed available throughout 
the year was suilicicnt, but the lunitation on usage due 
to flood and other factors wa.s responsible for periods 
of nutritional stress. 

The good summer rains of 1933 producecl excellent 
growth in all plunt a~sociations. The dry winter with 
heavy frosts caused much of this dry grass to 
"blacken off". This was more evident on the open 
country than in timbered areas. The fresh growth 
after the " burn " in August, carried all stock in good 
condition into the summer. 

Flooding of some four-:fifths of the property in Feb
ruary, 1954, limited the pasturage available and 
destroyed considerable areas of first-class grazing. The 
effects of flood-water on the pastures appear to have 
been governed by the length of time areas were inun
dated, and also by soil type. SuHival and ultunate 
regrowth of pastures wore also il1fluenced by the type 
of flood-whether the waters were fast-flowing forward 
cunent or "ponded " waters in back-up areas. 

As a result of the flooding there bas been a serious 
loss in the cover of pasture species and, although ger
mination and subsequent growth on the flooded coun
t ry have been reassuring, it may well take several 
years of good r ainfall before the pastm-es regain their 
previous productivity. 

( /,) Slock.-Additional catt1e required for tbe 
experimental programme were acquired early in the 
year. One bull and 30 cows of the northern-bred
.southern-bred Hereford project arrived iu August. 
These were purchased from P . A. Wright and Sons, 
"Wallamumbi ", Armidale, New South Wales. Two 
pure-bred Africander heifers from Ku1g Ranch, Texas, 
United States of America, also arrived at "Belmont" 
in August, 1953. E ight yo1;1ng bulls required for oestrus 
studies were purchased. 

Calving in the various groups of cows continued and 
at present there are some 300 calves and weaners on 
the property. The total cattle population consists of 
24 bulls, 532 breeding cows, and 300 calves and weaners. 

( c) bnp1·ovements.-During the year the installa
tion of improvements and facilities required for the 
experimental programme proceeded. Among these 
improvements was the erection of 13 miles of cattle 
fencing to make tll'elve paddocks, each capable of 
canying a single-sire mating group of one bull and 
:-lO cows. Also erected was a set of cattle yards which 
include a concrete dip, an eight-way draftillg unit, 
ralf-branding crusl1 and cradle, weighmg crush and 
sc-ales, spc;ying bail, and a special crush designed for 
single-animal obserrntions (temperatures and respira
tio11s) . The pro,·ision of permanent water for the 
rarious facilities was a major undertaking. It involved 
the erection of a windmill, 6,000 feet of pipeline, three 
5,000-gallon tanks, and fourteen troughs. The unprove
rneuts ins talled have been tested under full experunental 
rouditions and found to be adequate. 

( d) Genetics.-For details see Chapter VIII., 
Section 7. 

10. Poul.TRY RESEARCH CENTRE, WEnnmEE, V10Tonu. 

(Division of Animal Health and Production.) 
The Poultry Research Centre houses 3,072 pullets 

in indiYidnal laying cages, 1,920 hens ill trapnest sheds 
and ) 50 third-year hens in su1gle pens. The number 
of pedigree chickeus hatched and wing-banded annually, 
from which l'eplacements are selected, is 10,000. 

The system of recording and analysing the observa
t ions arnl measurements by means of Hollerith punch 
canls has been further unproved. The system has 
been described in detail in a W orlci11,g Manual on 
Poultry Records. 

(a) Breeding Systems and Related Projects.-The 
population of G pullets had a higher mortality and 
lo11·er level of egg production than the previous genera
tion of .F pullets. The performance of the control 
flock illdicatecl that this was probably caused by un
fa\'orable environmental factors. Mortality of the G 
pullets was 23.3 per cent. from housillg to 72 weeks; 
4-4.3 per cent. of this was due to leucosis, mostly of the 
\·isceral type. :Mortality nried significantly between 
breeding groups and sire families. It was lowest at 
12.0 per cent. in the A x L cross-breds and highest at 
40 per cent. in the White Leghorns selected for low 
egg production. 

The production data obtained from the different 
flocks of G pullets, after five to six generations of 
selection, confirm the tentative conclusions recorded 
in last year's report. Among the White Leghorn flocks 
the group bred from progeny-tested parents, without 
inbreeding, is still leading ill egg production, closely 
followed by the flock bred from high-producing dams 
nnd a sire lJl'ed from the pullet willning the State Egg 
Laying Competition. Phenotypie selection on body 
ronformation did not result in any progress. Selection 
nccording to the Hagedoorn system reduced mortality, 
although pullets only were used for breedillg, but was 
11ot very efficient in raising egg numbers, probably 
on :H·c•o1mt of the illcreasing degree of inbreedi110· by 
matings of half-sibs only. The strains of the B~A.I. 
flock, in which inbreeding is more intense reached a co
efficient of inbreedi11g of up to 56 per dent., with egg 
production now at the level of the control flock but 
not deterioratillg further. 

The egg production of the Australorps is still below 
the leYel of the two best White Leghorn flocks. Cross
breds between the two breeds again surpassed the best 
parent breed. No difference was found between the 
different types of crosses. Rotational crossin.,. now in 
the sixth _generation, continues to give goof results. 
The breedmg of three-way crosses will be discontinued 
ns no new information is likely to be gained, and the 
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re_sults obtained from six generations of cross-breeding 
\~111 be prepared for publication. The programme of 
smglc crosses has been modified and will be continued as 
an investigation on cross-breedin,-,. by reciprocal -recur-
rent selection. 

0 

A study on the interactions between genotype and 
environment in determining sexual maturity in the 
domestic fowl has shown that interactions of non
linear nature do exist in the W erribee :flock, but their 
magnitude is not large enough to invalidate present 
methods of correction for hatching date. Studies on 
the measurement of winter pause and on heritability 
of egg production arc in progress. 

A study on the effect of intensity of daylight on egg 
production of fowls kept in cages showed that differ
ences of over 100-ft. candles in light intensities do not 
affect egg production. 

(b) Physiology and Genetics of Reproduction.
The technique of artificial insemination used at the 
Poultry Research Centre was further improved by the 
use of a modified syringe. A mean fertility of 90 per 
per cent. was achieved from 16,133 eggs set. Semen 
can now be stored sixteen to twenty hours without 
seriously impairing fertility. This results from the 
greater efficiency of the new syringe, which achieves 
the same fertility wi th a poorer sample of semen. 

Fowl sperm have been labelled with radioactive 
phosphorus (32P) by incubation in vilro with inorganic 
32P and then washing free of radioactive plasma. This 
method was found more effective than intravenous 
injection of the cockerel with 32P. After insemination 
with labelled sperm, birds were killed at different inter
vals of time and it was shown that sperm reached the 
top of the oviduct within half an hour of insemination. 
More than 90 per cent. of the semen injected was 
expelled into the cloaca. Of the sperm retained within 
the oviduct less than 10. per cent. travelled past the 
shell gland. The mechanism of sperm transport in the 
shell gland differs from that in th e remaining parts 
of the oviduct. the latter being more efficient. 

Inbreeding was shown to decrease semen volume. 
Sperm density and percentage of normal sperms were 
lower in the strains with a low level of egg production 
than in strains bred for high egg production. 

11. MISCELLANEOUS INVESTIGATIONS. 

(Division of Animal Health and Product ion.) 
(a) Coppm· Content of Blood and Liver i11 Sheep 

and other Animals in Western A.vslralia.-Work in 
this field is continuing. In samples taken in the 
autumn at Meredith it was found that liver and blood 
copper levels in sheep were normal and blood molyb
denum values were somewhat high. Analyses of pasture 
samples indicated a low copper status but adequate 
molybdenum. Liver samples from semi-arid mulga 
country near Wiluna gave remarkably high values for 
copper although no reports of copper poisoning had 
been received from the area. 

In studies on the comparative biochemistry of copper, 
evidence has been obtained of a significant difference 
in the conller content of t.he livers of male and female 
salmon collected near Albany. 

Laboratory studies in connexion with a survey of the 
cobalt status of pastures are in progress and work on 
clover oestrogens is continuing. 

(b) Physiologica? Genetics.--;-Micro-?rganisms ~re 
the simplest orgamsms to use m studies of the bio
chemical and physiological action of the gene, and 
most of what is known of the genie control of chemical 
reactions in the ce1l has been derived from studies with 

them. The most useful organisms have been the moulds 
N eurospora crassa, Aspergillus nidulans, and A. niger 
nnd the bacterium Escherichia coli. 

Work in this -field is proceeding at the Department 
of Genetics, University of Adelaide. The investiga
tions include studies of the intra-cellular interactions 
between nuclei of two genetically dissimilar types and 
the relation of these interactions to the proportion of 
the two nuclear types present. 

Some data of interest on the environmental and 
genetic control of vegetati ve spore p roduction by 
N eurospora have been col1ected. Four genes were 
involved. 

(c) Effects of High Temperature on Pregnancy in 
11I erino Ewes.-This work is in progress in the Depart
ment of Physiology, University of Queensland. High 
temperature was found ·to be inimical to satisfactory 
gestation in Romney Marsh culls and the work has been 
extended to Merinos, a breed that might be expected 
to tolerate hca t better than the Romney and one which 
is frequently exposed to high temperatures during 
pregnancy. Spring mating is practised in north
western Queensland and in other parts of Australia. 

(cl) The Breeding Season of J.1erino Ewes in R ela
lion lo t.he Light Environment.- During recent years 
it has been demonstrated that the breeds of sheep which 
haYe a clearly defined sexual season o,ve such 
sraso11ality to a photoperiodic control. The usual 
pattern is for ewes to commence breeding in autumn, 
the onset of ovarian activity being attributable to a 
period (generally from one to three months, depending 
on breed) of decreasing daily duration of light. Insofar 
as the Merino, with its long and rather ill-defined 
breeding se!lson, is comparable with the mutton breeds, 
it conforms to their pattern of sexual season reasonably 
1rell. However, it tends to be anomalous in certain 
respects, notably in i ts capacity, at any rate in certain 
regions, to commence breeding in summer before the 
days have started to shorten. 

As the :Merino bas not been studied in light-con
trolled c:-.l)eriments the present investigation was under
taken to establish whether it is responsive to the light 
environment and to investigate the uuusual featu res 
of the seasonal reproductive pattern in this breed. 
Experiments were commenced at the Department of 
I'l1ysiology, University of Queen,sland, early in 1954. 

( e) En1Jironmental Control of Coat Changes in 
C:aUle.-'l'he controlling facto1· responsible for the 
sc:1sonal coat changes which occur with such precision 
in most European breeds of cattle in an environment 
,rnitcd to them, has remained tm identiiied. Environ
mental temperature has perhaps commonly been 
assumed as the regulator. However, thermal control, 
apar t from its not having been demonstrated experi
nir.11 tally, fails to explain the difficulty which cattle 
fr0111 high latitudes frequently have in shedding their 
long, woolly coats in the tropics. 

As there is a certain amount of evidence, mainly 
from other species, that a photoperiodic mechanism is 
iuvoh•ed, it was decided to undertake experiments at 
the Department of Physiology, University of Queens
land, to test the efficacy of controlled seasonal lighting 
iu regulating coat changes. 

The first effect of experimental treatment became 
apparent in early May, some three months after the 
expe1·imental animals had been on an increa.cing plane 
of daily light. It was noticed that swathes of Ion~ hair 
could be rubbed off the heads and necks of a 11 four 
rnlvcs in the group and it became quite evident that 
they had commenced to shed. The shedding extended 
posteriorly during the subsequent weeks, and at present, 
although in winter, the animals are ,cleek and glossy, 
presenting all the appeara11ce of thrifty eattle in 
snmmer. 
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The control calves, on the other band, haYe continued 
to g row a deep, woolly coat, typical of that to be 
expected in winter. Their hair has remained firm] v 
attached and there has been no sign of shedding. " 

Thc~c ,·isible changes are reflected quantitatively by 
tl ,e weight per wiit area of monthly hair clippings. 

12. ANHI.AT, GENETICS. 

(Animal Genetics Section.) 
The Animal Genetics Section was established durinu· 

~D-?2 with th~ co-operation of the University of Sydney~ 
1t 1s locatcc! m the Dcpal'tments of Zoology and V eteri
~rnry Physiology and is under the leadership of Dr. 
J. M. Rendel. The Section aims to investip:ate the 
possibil ities of aJJIJlyino- ircnetical knowled 0 ·c to animal 
b d

• b ~ I:> 
rec mg, aud to introduce University honours ~tuclcn ts 

interested in genetics to the techniques and concepts of 
quanLitative inheritance. Two students completed their 
ti-aining with the Section for an houours degree this 
year. Three studeuts have started their training for 
the M.Sc. degree. A fourth student takino- honour$ in 
Physics is worl,ing with the Section to cl~termine the 
rate of mutat,ion of flies exposed to heavy primnry 
pa1-ticlcs at l1igh altitudes. · 

( r1) Mouse 13reeding.-Tbe lines of work undertaken 
in the u1ousc colony were described in the previous 
Hcport. Selection for oestrogen sensitivity continues to 
be eJfectiYc. This experiment will now be used to try 
out methods of testing using a sequential form of 
test. So far it has shown that progeny testing on from 
two to three offspl'ing is markedly succes.-sful despite t.he 
apparent very low heritability of the character. A 
full analysis has _yet to be completed. It has been 
shown n lso that the cross of two inbred lines hns about 
ltnlf the environmental Yat·inncc of the inbred lines 
flH•m-,eln•R, and that for assay work the F 1 is mucJ1 
more useful than the pure line. This will apply to aJI 
physiological work where uniform biological material 
is needed. So fa r no cl ifference can be detected between 
the lines with high and low response to oestrogen a:; 
r cga rds susceptibility to carcinogens. 

In t.he selection experiment designed to increase tibia 
length in mice a new method of discounting- environ
mental variance has been evohed and will be tried ont 
in future. Tltis method uses Fairfield Smith's model 
to detect environmental va1·iance in one character from 
its corrrla.tion with a second character. 

Further work on hair growth in naked and normal 
mice has sl1own that the r esemblance between na keel 
and nol'mal hair growth at first oh::erved disappears 
aft.er the seennd lrni1· cycle. From then on the normal 
mouse loses the r egularity present in naked mice. 

(b) Prodllction of A.nl·ibodies and Disease Resistance. 
-It has been found that wherea.~ heritability of 
response to a simple antibody is high, heritability of 
r esponse to a complex one is low. This appears to be 
connected with the finding that the response to a high 
dose of complex antigen is much more variable than 
rcspon.rn to a low dose; the suggestion is that when the 
dose is reduced the host reacts to fewer of the haptenes 
of the complex antigen. 

To secure good supplies o{ <!omplement, strains of 
guinea-pigs are being selected foi- high production of 
complement. During this selection it L's !1oped to estab
lish something of the heritability of compleme!lt produc
tion. The possibility of storing complement by freeze 
drying is being explored. 

A rabbit colony of some 300 has now been accumu
lated and is housed at Glenfield Research Station, where 
the New South Wales Department of Agricul ture has 
kindly made space available. The colony will be moved 
to a rabbit house now under construction at Prospect. 
The technique of breeding from wild females by arti
ficia l insemination is now routine. No success has yet 

been achieved in collectin,g semen from wild bucks. The 
first generation of rabbits born to recoveries from 
myxomatosis are now coming forward for testing:. So 
far 9 out of 64 have r ecovered from the RMJ 3 
strain of myxoma virus, whereas none of the controls 
(22) have recovered. It is interesting that all recoveries 
were sired by one buck. Treatment of the virus with 
antiserum has been carried out and has given r esults 
which arc <lifficult to interpret. It appears that the 
,·irus is at least temporarily transformed by the treat
ment. There are, however, no signs tl1at a strain 
resistant to the serum is being selected out. 

(c) Genes ancl Ch1·omosomes.-It has lJeen estab
fohed in collaboration with the Biochemistl'y Depart
ment, Universit_y of Sydney, tlrnt tbe nucleus of the 
kangaroo, 1lfocropus ruf11s, contains 3 x 10- 9 mg. 
l!ucleic acid per nucleus, an amount typical of 
eutherian mammals. If nudeic acid content is an indi
l'ation of gene content-which seems higbly probable 
from work done so far-estimation of nucleic acid 
content in marsupials, monotremes, and lower verte
brates may throw light on the mode of evolution of the 
mammalia. 

(d) Genetics of Shee7J.-The work of the Animal 
Genetics Section on the genetics of sheep is reported in 
Ohaper VII., Section 15. 

(e) Genetics of Cattle.-Tbe work of the Animal 
Genetics Sect.ion on tbe genetics of cattle is reported in 
Chapter VIII., Section 7 (a). 

VI. NUTRITION. 
1. GENER.AL. 

The lack of exact knowledge of rnminant pb:vsiology 
nnd the basic importance of tlie pastornl inclnstries to 
Australia's economy first prompted fnndameutal studies 
of animal nutrition within the Organization. The 
resenrch in this field has been confined mainly to th~ 
nutritional biochemistry of the sheep and the influence 
of nntl'ition on wool production. 

Di·nision of Biochemistry ancl General N1drition.
Application of the results of the investigations of thi;; 
Division to the practical problems of the sl1eep industry 
continues t,o yield eco11omic di,·iden<ls which in recent 
years haYe been most spectacular. Initially there was 
the demonstration that arens in southem Australia, 
hitherto abandoned as useless for agriculture, can be 
tn111sformed for efficient production when trace element 
clenciencies of zinc a11cl copper have been rectified. As 
a coro)lar y to this discovery, and by virtue of tl1e 
complementary work on pasture improvement carried 
out b_y tl1e Division of Plant Indus try ( see Chapter 
III.), i t is now clear that vast areas of the Australian 
continent, particularly in low rainfall reirions, ran 
similarly be rendered more productive after tra<>e 
element adjustments have been effected. The r esults 
of these experiments have indicated the way for develop
ments of great economic signincance, and the knowledge 
obtained from many other r e.0 earcbes in the field of 
nutrition is finding its way steadily into practice. 

Some of the major proiects undertaken by the 
Dh-ision are described in this Chapter, and furtlier 
detailed references are made under Chapter III., 
Section 11, and Chapter VII., Sections 2-8. 

2. NuTRITION ANO Woor, PnonucT10N. 

(D ivision of Biochemistry and Gelleral Nutrition.) 

The findings of a series of re.searches into the effects 
of nutrition on wool production co11ductrd in this 
Division are summarized very briefly hereunder. 

The rate of wool production by the sheep is deter
mined by the level of its nutrition; the efficiency of the 
sheep as a converter of fodder to wool fleece cnn be 
i11fluenced materially by the lm·el of nutrition during i t~ 
early stages of growth. 
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. ~ ool fleece fa produced from two morpbologically 
d1stmct types of follicles, the primary follicles, so 
ca1led because they arc the first to appear in the skin 
of the emb1·yo and cease to be developed after aliout 
the 90th day of foetal li fe, and the secondar.v follicl es, 
tbe dc•velopmcmt of wl1icb begins somewhat latc•r 
and continues u11til tl1e lamb is a year or more of ngc. 
The fon11cr arc distributed over I.he wool-bearing sur
face in discrete groups of three around whirh a 
varin ble number of secondary follicles develop. The 
final numerical refationship between these two typeti 
of follirles, and to the total population of follicles in th~ 
skin of the adult sheep, while primarily an hereditary 
characteristic has been shown uncquirncally to be 
subject to modification by tl1c nut 1·it ional stntus during 
g rowth and dcYclopmcnl; ma ln11trition during this 
period seriously retards the differentiation of secondary 
foll icles, and matc1·ially decreases the final nnmbe1· of 
follicles laid clown in the integument. T hns both the 
subsequent efficiency of the sheep as a " ·ool producer 
and tlie type of wool i t produces are profounrlly 
influenced by the level of nutrition early in its life. 

These exper iments barn shown tl1:1t ea1:ly malnutri
tion may reduce the total population of wool-pro<lucing 
follicles in the integument to 20 per cent. or more 
below the number that would develop h ad optimal 
nutrition allowed the lamb to express its full hereditary 
propensity. The mani fest iufluence that thP nutritional 
status during the early stages of growth has 011 tl1c 
subsequent size and •Conformation of the sheep, and 
especially on the miture and g rowth of its skin, lrns 
110w been clear ly revealed. The nature and degree of 
modification of the adult sl1C'cp by early nutritional 
influences is now much better understood; and the 
means of overcoming serious impairment of the wool
producing efficiency of flocks imposed by tho nutrit,ional 
r m·ironme11t are clearly indicated. 

Irrespecti ve of tho wool-producing efficiency of the 
a.<lul t sheep, the rate at which it produces wool clearly 
clepends upon the nature and quantity of the food it 
consumes. Experiments briefly discussed in previous 
Reports have led to tho recognition of the special 
nutritional rcquireme11ts of the proliferating cells 
within the wool follicles, and of the processes involved 
in conversation of these cells by kcratinizat ion to wool 
fibres, and baYe revealed the interplay of physiological 
events which determine t he overall rate of wool produc
tion. Practically all of the major research projects 
that have been undertaken by this Di,ision, although 
concerned broadly with such apparently diverse subjects 
as protein metabolism, energy transactions, minor 
element rcquirerne.nts, rumination proresses, &c., have 
converged to illuminate the long chain of complex 
events which underlie the production of wool fleece. 
T he experimental :findings have provided a solid 
foundation of precise knowledge. an essential basis for 
the u11elerstanding and solution of many of th e problems 
of wool production encountered in tlie pastoral industry. 
By far the greatest contribution to this knowledge has 
properly come from the efforts of Australian scientists, 
and much of the work that they have clone has been 
supported directly or indii-cctly by funds provided by 
the Australian pastoral industry. 

The current researches being conducted in this 
Division to illuminate furtl1er the processes involved in 
wool production a1·e briefly discussed in Chapter VII., 
Srction 2. 

3. STUDIES OF THE METABOLIC PROCESSES OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 
A reasonably complete lmowleclge of the physiological 

and biochemical mechanisms by which the sheep con
verts its fod<ler in to its own body substance and into 
its wool fleece is an essential prerequisite for the 

understanding of metabolic and nutritional distur
bances which at times seriously limit the health and 
productivity of sheep. 

Ruminants, unlike the carnivores and mixed feeders, 
der ive most of the energy necessar y for their living 
processes from simple fatty acids which are formed in 
tlie paunch by bacterial fermentation of the fodder. 
For this reason the metabolic channels through which 
fatty acids are dealt with are particularly important 
in the sheep. As there is little exact knowledge of these 
metabolic pathways which ha,,e developed to a unique 
degree in ruminants, experimental work is devoted to 
tl1is aspect of comparative biochemistry. Some of 
these investigations are described in Chapter VII., 
Sections 3-5. 

4. ENERGY MET.Ul0LIS11I OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 
A soun<l knowledge of the overall ther modynamics of 

the production and utilization of the energy liberated 
by the oxidation of the foodstuffs in the animal's tissues 
is essential to the understanding of its nutritional 
physiology. Both the overall energy tra11sactions and 
the intermediary energy metabolism of the sheep 
preFent many novel features, and as tliese were not 
understood a long-term research into this aspect of 
ruminant physiology was under taken. 

M uch basic information has resulted from several 
years' intensive study of the energy transactions which 
take place in the digestive tracts and in tl\e tissue~ of 
sheep that have been fed under meticulously controlled 
rondition5, and knowl@di:re of the enenry metabc]i<;m of 
the sl1eep is now probably more comDlete than that of 
any other animal. Theoretical considerations based on 
these experimental data have clarified and advanced, 
more than a little. the understanding of the biocliemical 
mechanisms involved in the liberation and utilization 
of energy by living processes. 

Many of the :findin~s have found immedia te applica
tion in the practical husband ry of drought feeding. 
The amount of anv particular fodder necessary to 
mnintain sheep in a healthv rondition over lc,ng periods 
may now be computed precisely and economic feasibility 
of hand-feeding thus assessed with much greater con
fidence. 

The current experiments are briefly reported m 
Chapter VII., Sections 4 and 5. 

5. C H RONIC FLUOROSIS m SHEEP. 

(Division of Biochemistry and General Nutrition.) 
The waters of many deep artesian bores i11 the semi

arid pastoral country contain concentrations of fluor ides 
that approach or exceed what are now know11 to be the 
limits of safety for potable stock-waters, and tlie toxic 
hazards a re enhanced by evaporation from tlie open 
bore-drains in which these waters are reticulated. 
Sheep whose drinking-wRter is derived from these 
sources suffer serious disabilities: their teeth become 
badly affected, excessive wea1· and sometinies fracture 
of tl1e incisors renders prehensi on difficult.. and 
mastication becomes impossible because of selectil-e 
abrasion of the molars. Consequently the grazin!!: fl ocks 
do badly and many individuals die of inanition. 
Remo,,al of the :fluorine from such large volnmes of 
water is not economica 11y feasible ; con~eqnentl_v ~nme 
years ago, in an attempt to evolve husbandry methods 
to deal with the situa tion, a series 0f experimental 
investigation were initiated on the effrrts of do.~in~ 
.~beep over long periods with the ouantities of fl uorides 
they would ingest werr they confined to tlir~P flucwine
bearin.!2'. waters. D etails of tlic interim findino:~ haYe 
brm published a11d are summarized in previous R epo1·ts. 

As this investi1ration is virt1,,,. 11y <'"mnleted, a hrief 
~ener::1.l snmmary is now possible. Waters cnnta inincr 
fl uorides in oon<'entrations equivalent to 10 p.p.m~ 
fluorine have definitely been proven to be harmfn 1 



to o-razing stock. All of the dental lesions obser ved 
in °sheep grazed in the affected areas have been 
reproduced experimentally by administering fluorides 
to sheep confined under controlled conditions in pens 
or in small flocks at the Division's central field station. 
These experiments have shown that the untoward effects 
of chronic fluorosis on the general well-being of the 
sheep undoubted]~ arise _pri1:1arily from . the teeth 
lesions and that d irect tox1c effects are not hkely to be 
encom;tered in animals confined under natural condi
tious to areas where artesian bores provide the sole 
~ourcP. of drinking-water. 

As fluorides do not pnss through the placenta to the 
foetns or into the milk in sufficient quantities to lead 
to any untoward effects in the dentition of the lamb, 
mature ewes may be lambed with safety in the affected 
areas, provided that the flocks are removed before the 
lambs begin to drink the fl uoride-bearing ,rnters. The 
Jental lesions which subsequently cause chronic 
fluorosis originate when the teeth are being formed; 
sheep which h ave no access to these waters until their 
permanent teeth arc erupted suffer no disability, even 
when the fluoride content of their drinking-water is at 
least double that ,d1ich would lead to dental lesions· in 
younger sheep. 

These experiments have considerably increased tbe 
knowledge of the effects of fluorides on teeth and bonu 
formation, and in turn have clearly indicated husbandry 
procedures for avoiding the untoward effects of fiuoridt!
containing .waters. 

6. CAROTENE ,urn VITAMI N A IN S HEEP NuTm1·10N. 

(Division of Biochemistry and General Nutrition.) 
The welfare of sheep under natural grazing con

ditions is probably more likely to be limi ted by a 
deficiency of vitamin A. than of any other accessory 
food factor . Although carotene, the precursor of this 
Yitamin, occurs in relative abundance in all green 
pla11ts it is sensitive to oxidation and to irradiation by 
sunlight, so that dry pastures usually contain only very 
small quantities which frequently are insufficient to 
meet the nutritional needs of grazing stock. 

Ten years ago little was known of the vitamin A 
requirements of the sheep or of the disabilities which 
ensue when the fodder is not capable of fulfilling these 
requirements. 

The investigations which were initiated to provide 
this knowledge entailed a series of long-term experi
ments, as tl1e vitamin is stored in the tissues and these 
depots are depleted to tl1e low levels at which deficiency 
symptoms appear onl:y after the experimental sheep 
have been confined to deficient rations for a year or 
more. The experiments lrnve now been completed. 
The l'esults cogent to sheep husbandry may be sum
marized very briefly as follows. 

An abnormally low vitamin A status, as indicated 
by a very low concentrntion of vitamin A in the blood 
and by the clinical signs of night-blindness, appears in 
young sheep after tlrny have been coufined to vitamin 
A-deficient diets for about eight months. After a 
further four months food consumption begins to decline, 
the nnimals lose wei!J;ht, and signs of mnscular 
incoordination, &c., develop as the terminal symptoms 
of vitami110sis J\ . Older animals, with larger stores of 
vitami11 A in their livers, withstan<l the £rst effects 
for at least sixteen months but subsequently decline 
rapidly. An intake of 25-30 µ.g. of carotene/1,g. body 
wt./day is barely sufficient t.o preYent the symptoms ; 
double this intake will fulfil the requirements and also 
allow some storage to proceed . 

. The gra zin~ animal's capacity to lay down stores of 
vit~min A in i ts liv<'r is obviously of prime importance 
to its well-being. When the animal is on green foddci• 
its intake of carote11e is high enou.,.h to ensure that 

ffi • b 
sn cicnt storage is effected in a few months to maintain 
the animal 01,er considerable periods of dry grazing 
when the total intake of carotene is low. T his buffer 
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aguiJ1st deficiency enables Jambs to graze without ill 
effects for six months or more on seriousl.v deficient 
fodder, and grown sheep to withstand dry-grazing 
conditions for at least a year. 

To secure a normal vitamin A status of sheep over 
extensi,·e periods of hand-feeding during drought when 
at the beginning the vitamin A store in the liver might 
be expected to be short, an intake of 50µg. of caro
tene/kg. body wt./day is necessary to meet all require
ments, including those of reproduction. Allowing for 
a safe margin of 100 per cent., this would indicate that 
a grown sl1cep needs 5 mg. carotene/day, so that a 
fodder containing 5 mg. carotene/kg. may be considered 
quite adequate in this respect. Good cereal-hay chaff 
usually has a l1igher carotene concentration than this. 

I n general, the welforc of flocks grazing under natural 
<'onditions i~ rarely limited by vitamin A deficiency. 
·when tl1e normal seasonal cycle prcrnils, with intervals 
of four months or more of green grazing each year, 
grazing sheep arc unlikely to experience vitamin .A 
deficiency; and even when the seasonal conditions are 
such that a period of new growth of pasture is missed, 
tlie animal's stores of vitamin A are usually sufficient 
to fulfil the requirements until the rains come. When 
dro11~l1t continues for longer periods the amount of 
nrnilnb!c fodder is usually insuffici!)nt to support the 
flocks, so tlrnt a supplement of carotene alone in these 
circumsLances will be of little value. If, however. 
supplements of grain are provided during long period~ 
of drought, an additional supplement of carotene is 
indicated, especially for young sheep and breeding ewes. 

7. S ,n,T TOLERANCE OF SHEU_ 

(Division of Biochemistry and General Nutrition.) 
There is little sound knowledge of the extent to which 

sheep can tolerate tho ingestion of considerable amounts 
of sodium chloride for long periods, or of how far this 
tolerance is influenced by the ingestion of other salts
carbonates, sulphates, and chlorides of calcium and 
magnesium, &c.-that occur in varying concentrations 
in tho bore-"·atcrs upon which the grazing of much of 
tho semi-arid Australian pastoral lands depends. 
Information on the potability of drinking-waters for 
grazing stock has been based almost entirely on ques
tionnaires which have depended on observations made 
in such variable circumstances of climate, of available 
fodder, n.nd of compo.sition of waters as to lead to quite 
widely divergent views. 

As a considerable reduction of the salt concentration 
in bore-waters is now economically feasible, and as the 
costs of treatment will depend primarily on how 
much of the dissolved sal ts must be removed to render 
the more saline waters potable, the importance of a 
more precise lmowledp;e of the tolerance limits of pota
bilitv of stock-waters is obvious. 

A ~cries of experiments ba,re been initiated to provide 
this information, and to study the long-term effects of 
saline waters of Yarions compositions on the well-being 
of sheep. 

8. STERE0011E:M1STRY OF C,nmon-YDllATES. 

(Division of Biochemistry and General Nutrition .) 
A suney of the reactions and properties of the 

anhydro-sugars and of the cyclic acetals of sugars and 
sugar alcohols has indicated that, almost without ex
cept.ion, the strnctmal and stereochemical features of 
these compounds may be explained by a f ew simple rules 
that are closely comparable with rnles covering the 
properties of alic,vclic compounds. The reactions of the 
cyclic carbohydrate dcri,1 atfres are in many respects 
complementary to those of the steroids and terpene~. 
Tlie i-ecogn ition of these fncts lws already shown possi
bilities of far-reaching applications to the synthesis of 
partially substituted sugars and of hitherto rare nnd 
inaccessible sugars. Particular attention has been paid 
to tllC properties of the •l, 3-dioxan ring. 
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A number of cyclic acetals of maunitol, sorbitol, 
gluc?se, and galactose have been prepared, to serve as 
media for further examination of the properties of ring 
strnctm o and as starting point for tLe synthesis of 
rare sugars such as r iboso and allose ; and the effects of 
various acid catalysts ltnve been compared in an en
deavour to improni met]iocls for the -preparation and 
solective bydrol,ysis of cyc1ic acetals. 

Kuowledge of the stabilities and reactivi ties of cyclic 
carbohydrntes has application in preparative work, and 
may also be of f undamental importance in the chemistry 
of enzyme action. 

9. Mrnou ELEJl(EN'l' DBFrcrnNcrns I N ANIMALS AND 

PLANTS. 

(Division of Biochemistry and General Nutrition.) 
The studies of tho deficieucy states which supervene 

when the minute requirements of copper, zinc, &c., 
necessary fo r the complete nutrition of plants anrl 
animals are not fulfilled, have been discussed in pre
vious R eports. These studies co,·er a wide £eld and 
seek inler alia a more complete understanding of the 
physiological functions tllat these elements serve in 
Ii ving tissues. 

A series of studies of cobalt and co-pper deficiencies 
in the sheep is refer red to in Chapter VII. The experi
ments reported below, while for the most -part directed 
broadly to this end, have been conducted with small 
animals under controlled laboratory conditions. 

(a) Copper Deficiency.-Tbe effects of copper 
deficiency and those of molybdenum, sulphate, &c., on 
the metabolism of copper in rats have been studied 
further, with results that illuminate the problems 
associated w ith ind need copper deficiency in grazing 
ruminants. The effects of feed ing small (though rela
t ively large) amom1ts of molybdatc to rats whose intake 
of copper is only just adequate for normal p;rowtl1 arc 
those of a marginal copper deficiency, tl1ougb the con
centration of copper in the blood is raised approxi
mately fivefold. This pl1cnomenon is similar to that 
observed in experimental sheep grazed at the D ivision's 
field station at Robe, and d iscussed in pl'evious Reports. 
·when sulphate is superimposed in concentrations that 
are quite i1rnocuous in the absence 0£ molybdenum, the 
toxic symptoms of tho molybdenum are very greatly 
euhanced. Uudor these circm11stanees the additional 
sulphate has no effect on the copper concentration in 
the blood or tissues. 

Parallel experiments wi th ruminants show conclu
sively thnt additional sulphate decreases the toxicity of 
molybdenum without exerting auy marked effect on the 
copper metabolism. These latter are described in 
Chapter VII., Section 6. 

(b) Zinc Deficiency in Animals.-The techniques 
evolved for the almost complete remon1l of zinc from 
foodstuffs wore discussed in tho previous Repor t. P r e
paration of rations by these methods has rendered 
possible the study of the essential function that zinc 
assumes in living processes. 

During the last year attention was devoted mainly to 
oYerall pLysiological offects of zinc deficiency in tho rnt. 
Paired-feeding experiments with rats on these rations 
revealed that zinc deficiency led to a scrioL1s depletion 
of both fat a nd pro tein beyond that accounted for by 
the reduced food intake; and detorm inatio11S of the 
oYerall rate of energy dissipation under basal conditions 
indicated tlrnt zinc deficiency led to a marked rise in 

.metabolic rate and so to a considerable decrease in the 
efficiency of food u tilization. 

( c) Zinc D~ficiency in Plan_ts.-Iu _contrast to pre
vious ob~ervations, a state of zmc deficiency was found 
not to influence the aldolase activity in the leaves of 
oats· in the leaves of other plants, viz. subterranean 
clov~r, strawberry clover, and Yorkshire fog, zinc 

deficiency leads to a lowered aldolase activity per unit 
weight of leaf . In pa1·tially puri.£cd aldolase prepara
tions homocysteine and o-phenanthroJine were observe<l 
to inhibit the enzyme, and tbe addition of zinc failed 
to reactivate Jt. The chelatil1g reagents disoclium ver
scuatc ant.1 souium cliothyldithiocarbamato had no in
fluence on aldol:tse activity. Partial removal ( 40 pel' 
cont.) of zinc from aldolase preparations brought about 
only iJJSigniiicant reduction of the activity of the final 
preparations, and further pnri£cation led to the reduc
tion of zinc concentrations to Yery low le\"els which 
would imply that if the molecule of the enzyme con
tained one atom of zinc it would have at least ten times 
the molecular weight determined by physical means. 
Thus it is probable that aldolase neither contains zinc 
nor requires zinc for i ts activity. 

10. Vrr.a.Mrn B12. 

(Division of B iochemistry and General N utrit ion.) 

(a) General.~The experiments discussed in the pre
vious Report provided unequivocal proof that the effects 
of cobalt deficiency in ruminauts are in fact the effects 
of a deficiency of the cobalt-containing accessory food 
factor, vi tamin B12, which is produced by the rumen 
flora in adequate amounts to fulfil the animal's require
ments only when the fodder contains sufficient cobalt. 
Some of a considerable munber of other studies of this 
and related phenomena are outlined below. 

(b) Microbiological Estimation of Vitamin B 1~ .

.Mention has been made of the important contributions 
that studies in microbiology and of the methods of 
microbiological assay haYe made to the understanding 
of cobalt deficiency i11 rtuui11ants. These studies have 
been continued, and have been applied with striking 
resul ts to the study of vitamin Bi2 metabolism in the 
sheep. 

The bacteria Lciclobacillus lcichmannii and it 

methionine-requiring mutant of Esche1·ichia coli, and a 
protozoan, the crysomonad Oclwomonas maJilemensis, 
have been used as assay organisms to determine the 
production of vitamin B 12 and of the cobalts cont,ain
ing B 1rlike substances in the intestinal tract, 
and to investigate the absorption and utilization of 
Yitamin B,2 by the anirual. The results of these experi
ments are referred to in more detail in Chapter VII. 

(c) Vitamin B12 Reqiiirement of the Rat: Animal 
Assays of Vitamin B 12.- A series of experimental 
attempts to induce extreme vitamin B 12 deficiency in 
rats bas been carried out. The results are of far
reaching importance to the understanding of the 
physiology of vitamin B 12 absorption. 

(d) Vitamin B12 and Haemopeiesis.-Studies of the 
anaemia which is almost invariably a marked terminal 
symptom of vitamin B12 deiicienc,y in sheep under con
ditions of natural grazing of cobalt-deficient pastures 
have been continued. Sheep confined in metabolism 
cages or i11 pens 011 cobalt-deficieut rations do not 
alwa_ys become anaemic ; many die of inanition due to 
lack of vitamin B12 before they de~·elop any marked 
blood dyscrasia . TJms the metabolic defect which leads 
to breakdown of the capacity to produce reel cells is 
subsidiary to the defect which underlies the failure 
of appetite. 

The studies of porpl1yriu metabolism in normal and 
vitamin B12-de£cient sheep have been continued. Pro
t0porphyrin synthesis is not influenced adversely in 
vi ta min B12 deficiency. The investigations render 
doubtful the occurrence of coproporphyrin in the red 
cells, and thus throw open to question cun eut theories 
of porpbyrin metabolism based ou the supposed occur
rence of coproporpbyrin in normal and pathological 
erythrocytes. 
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11. PLANT N uTRrrroN. 

(Division of Biochemistry and General N ntrition.) 
• \ wide programme of experimental studies of the 

miucrnl nutrition of plants is beiug continued. Previous 
stu<lies of the plant's requirements of copper and zinc 
dcf:i11ed aud sol ved the basic nutritional problems that 
led t.o the dramatic development of the Ninety-Mile 
Plain in Sou th Australia. Development of thi~ terrain 
is now progressing rapidly and is penetrnting virgin 
tracts far removed from existing agricultural areas. 
lt is no longer practicable for this Division to seek out 
1111d deal with tlrn many individual problems presented 
by small variations in the soil types, &c., that will Le 
encountered during de,·elopment. This is more properly 
a function of extension services. It i5, how~ver, an 
obvious duty to increase further the basic knowledge 
upon which the solution of individual problems of 
this nature will depend. Thus the experimental in
,·estio-ations of the overall basic prol,lems arc l,cin6 

b . d aetfrely pursued under the more intensive an more 
rasilv controllable con di tious of the laboratory and 
glass:lJouse. These experiments arc briefly refencd 
to in Chapter III., Section 10. 

12. FIELD STATIONS. 

(Division of Biochemistry and General Nutrition.) 
The Division's central field stat ion, "Glenthorne ", 

a property of 600 acres situated about 11 miles from the 
111ain laboratories, is now deYeloping rapidly into a 
fine tool for researches that involve relatively larg~ 
uurnl,ers of sheep. The flocks there comprise aboni 
1,000 stl'oug-woollecl Merinos and a nucleus flock of_ finc
\\'Oole<l Ilavilah Merinos, and from these the ammals 
required for experimental studies are cl rawn. Th~ 
experiments on vitamin .:_\. r equirements and on thn 
ct1ccts of chronic fiuorosis, &c., were conducted therP.. 

Several other field stations are situated elsc\\'l1ere on 
terrain ,Yhe1·e cleficieHcies occur; among these the field 
stations at Robe, and at Brecon in the vici11ity of Reith, 
arc the most active. T he work proceeding on the 
field stations is discussed briefly elsewhere iu this 
Report. 

13. PnALARIS S TAGGERS. 

(Division of B iochemistry and General Nutrition.) 
This wo1·k is described in Chapter V lI., Section 7. 

l ·.I:. UREA NI'rnooEN AS A SouucE OF PuoT.EIN FOR SHEEP. 

(Division of Biochemistry an<l General Nutrition.) 
This work is described in Chapter VII., Section S. 

VII. SHEEP . 
1. GENERAL. 

The sheep holds a unique position in the Australian 
economy. ·wool is our major export, and primary 
products from the sheep industry such as wool, lamb, 
wnttou, and hides comprise up to 45 per cent. of all 
Australian rural production. The sheep, too, allows 
of the use of vast areas of marginal land which it 
has not so far been practicable to use for other plll'
poscs. With a sheep population of over 125,000,000 
Anstralia produces about one-quarter of the world's 
wool and about twice as much as any other country. 
:More than one-half of the world's production of fu1e 
wool -comes from om dry inland areas. Thus Australia 
has a vital interest in ensuring that wool can with
stand the competition from artificial £.bres. The 
remarkable success of the latter has been due in the 
main to the clear understanding, arising from research, 
of the physical and chemical properties of the new 
fibres. Moreover, the -chemical industry established 
to pl'oduce them is planned as a co-ordinated and 
organized unit, which ensures maximum efficiency 
and minimum wastage at all stages. 

It is a major aim of the Organization's in_tegrated 
programme of research in aid of the wool mJustry 
to ill vestigate every phase of sheep and w?ol pro_duc
tiun: soils, pastnres and nutrition, genetics, animal 
husbandry, wool processing, textile manufactur_e, 3:nd 
the exploitation of by-products. The Organ1zat10_n 
has been given responsibility for carrying out this 
cxteusiYe prograrnme under the p1·ovisio11s of the 
·wool Use Promolion 11ct l!H5. The Government ha, 
set aside funds earniurkcd for this purpose amounting 
to almo:;t £400,000 per annum in a Wool Research 
Trnst Account. Further moneys for capital expendi
ture are available from interest on the £7,000,000 of 
fl1 e Wool Industry Fund. 

Soil fertility is obviously of vrime importance and 
outstanding results have been achieved in improving 
soil infertility arising from minor element deficiencies. 
On the plant side, too, special emphasis has been 
phtced 011 pasture improvement and weed control. 
The work of the Orga11ization on soils, pastures, and 
related matters affecting the pastoral industry are 
canicd out b_y the Di'1ision of Soils and the Division 
of Plant Industry (see Chapters II. and III.) . 

Work on the sheep itself has been undertaken within 
the Diviti ion of Animal Health and Production 
(Chapter V.) and the Division of Biochemistry and 
General Nut1·ition (Chapter VI.) . The Division of 
Mathematical Sta tis tics is closely assoeiated with the 
breed ing investigations (see Section 14 of this 
Chapter), and the Division of Entomology co-opera tes 
in the £.cld of animal pests and diseases (see Chapter 
IX., Section 9) . The Animal Genetics Section's work 
on sheep breeding is described in Section 15 of this 
Chapter. 

The Organization's work in the investigation of wool 
pl'ocessiug and "-ool textile problems is undc1·taken 
at the Wool Textile Research Laboratories and the 
Division of Industrial Chemistry (see Chapter XVI.) . 

2. NurmnoN AND WooL PaonuCTION. 

(]Jivision of Biochemistry and General Nutrition.) 
The general background of these studies and some of 

the recent broad findings have been discussed in 
Obapter VI. 

Dmiug the period under review a critical study has 
been made of the causes which underlie the seasonal 
raria tion in the rate of wool production by Merino 
sheep. These investigations entail long-term 
experirncuts. 

The metabolic lesion within the wool follicles which 
occnrs in copper deficiency is being further investi
gated to throw light on the processes of keratinization. 

During the year, the main studies on protein 
metabolism and wool growth have been devoted to a 
further investigation of the influence of overall 
metabolic rate on tlrn efficiency of protein utilization 
for wool growth. A number of experiments have been 
directed to the metabolism of the sulphur-containing 
amino acids. In all, knowledge of the process of wool 
production has been increased materially. 

3. P1wc:i::ssEs OF R uit1NA'1'r•N . 
(l)i,·isiou of Biochemistry and General Nutrition.) 

Studies of the physiological and microbiological 
procc.,ses of rumination have been continued, and 
some of the fuHlings are briefly mentioned below. 

(u) Distribution of Nitrogen Belween the p,,.otozoa 
crncl Bacteria of lhe Rumen Contents.-A. tecimiqur 
has been eYolvcd for separation of the bacteria and 
protozoa which inhabit the rumen. When sheep are 
fed on cereal hay about four-fifths of the mic1·obial 
nitrogen is present in tl1e rnmcn bacteria. Separation 
of the micro-organisms from the rumen couteuts of 
sheep that have been f ed on lucerne hay presents 
difficulties owing to the greater proportion of finely 
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divided solid material present, but reasonable assess
ments of the partition of nitrogen by these method~ 
is still possiui0. 

(b) Digesl·ion of llih·ogenous Compo·unds and Con
-version of Plrint Nilrogen to .M.icrobial Nitrogen in 
the Rmnen.-Further studies Jiave been made of the 
complications introduced by the presence of micro
organisms in the determination of lig-uin: nitrogen 
ratios, upon which many of the experimental ~tudies 
of what goes on in the rumen depend. The considerable 
fall ' in the ratio of nitrogen to lignin in the rumen 
contents of sheep that have fed on luceme hay has 
been traced to the formation of ammonia and of other 
diffusiLlc breakdown products of proteins in the rumen. 
Absorption of ammonia through the rumen wall would 
constitute virtually a complete loss to the animal. 
This work is being continued. 

( c) Am:ino Ac.id C'omposit·ion of Microbial Proteins. 
-The rumen fluid of sheep contains considerable 
qu::mtities of ammonia and of amino acids, and the 
concentration of these degradation products of protein, 
has been found to vary greatly according to the naturP 
of the fodder. The concentrations of the individual 
amino acids which are free in solution in the rumen 
contents and which are in the proteins and in the 
various types of m icrofiora present are being investi
gated by a technique using ion exchange resins. 
.Further knowledge of this aspect of the rumination 
processes will greatly clarify the overall problems of 
protein metabolism in ruminants. The critical and 
sensitive analytical methods that are being employed 
for the assa_y of amino acid mixtures were developed 
elsewhere. 

( d) II e.micellulose Ba.cteria.-Further attempts to 
isolate the bacteria responsible for the breakdown of 
hemicellulose in the rumen emphasize the imp:n-t.ant 
symbiotic relationships that prevail there. 

4. EKERGY METADOLIS!lf OF SrrEEP. 

(Division of Biochemistry and General Nutrition.) 

This aspect of the Division's broad programme of 
studies that are primarily concerned with the 
physiolog_y of the sheep has been briefly discussed in 
Chapter VI. 

D uring the period under review the calor imeters and 
other equipment have been employed mainly for 
periodic determi1iations of the total energy exchange 
of sheep fed at a constant level throughout the year, 
in order to provide essential data which will allow 
the physiological basis of seasonal variations in wool 
growth to be assessed. 

The apparatus was also used for the determination 
of the energy transactions of experimental animals 
employed fo!· a study of the metabolism of sulphur
containing amino acids in the nutrition and wool 
growth series. 

5. CARDOHYDRATE METADOLISM. 

(Division of Biochemistry and General Nutrition.) 

There is now much evidence to suppor t th.~ 
hypothesis t hat in certain respcct5 the enzymic pattern 
which determines the intermediary metabolism of 
ruminants differs quantitatively at least from that of 
other classes of animals. A detailed knowledo-e cf 
these differences is of considerable theoretical in~rest, 
and they are of prime pra-ctical importance, for upon 
a better kliowledge of them the understanding of 
metabolic diseases which affect sheep largely depends. 

(a,) Pyrnvate Le·vels in the Blood.- The main 
interest. of these studies lias centred around the observed 
differences in the metabolism of carbohydrates in young 
lambs and adult slieep. Dming the period under review, 
chano-es in the concentration of pyruvate in the blood 
which supervene on injection of glucose were studied 

in young lambs, adult sheep, and a non~ru~inatrng 
animal, the rabbit. In all animals the n se rn level 
of pyruvate was roughly parallel to the blood glucose 
tolerance curves; it was similar in the rabbit and 
lamb and was quite distinctly different in the ad'.2lt 
sheep. The phenomenon is thus closely associated with 
the relative inability of the tissues of the adult 
l'Umiuant to utilize glucose. 

(b) Insnl·in IIyvoglycaemia in Ruminates.-A study 
of the relative tolerances of young lambs and adult 
sheep towards insulin has been made and marked 
differences have been revealed. 

(~) Iiexolc-inase Activity of Intestinal Mucosa and 
Brain.- The mechanism of utilization of gl ucose is 
bei11g investigated by measill'ing the hexokinase activity 
of the intestinal mucosa and in the brains of adult 
sheep, of young lambs, and of other animals. The 
tissues of the adult sheep arc less active in this respect 
than similar tissues of the rat. The activity in the 
tissues of the young lamb is low, but is iue1·eased 
materially as soou as the lamb is allowed to suckle. 

( d) The Efl'ect of Pancreatectomy in Sheep and 
Lambs.-Surgical procedures for the successful 
remornl of the pancreas from ruminants have now 
Leen developed, and a number of animals have been 
rendered diabetic by this procedure. A study is being 
made of the severity of the symptoms and of the 
metabolic blocks involved in the upset· entailed in 
sugar utilization. 

( e) ToJ:icily of Fluo1'oacetate in Ruminants.--The 
poison fluoroacetate exerts its toxic action by impair
ing the metabolic chau11els through which sugar and 
the lower fatty acids are oxidized. Suh-lethal doses 
lead to muscular tremors and convulsions in the sheep. 
A study is being made of the mechanism of thA toxic 
action in the sheep, in part to illuminate the carbo
hydrate metabolism further and in part to throw light 
on the toxic action of certain poison plants. 

6. MINon ELE,IEKTS IN ANIMAL NuntrTION. 

(Division of Biochemistry and General Nutrition.) 
(a) Cobalt Deficiency in Rmninants.-The followina 

. b . f 0 
1s a very ne · summary of the results from a series 
of experiments on various aspects of cobalt deficiency 
condu~ted by _the Division during the past year. 
Expenments with small flocks depastured on tC'-rraiu 
where the pastures are shoi·t of -cobalt, and with small 
group~ of sheep confined :,1nder controlled laboratory 
cond1t1ons to cobalt-deficient rations. have Droven 
unequ!vocally that the u~1 toward effects which 'rnper
vene m sheep when thell' fodder provides less than 
0.1 mg. Co/d~y are due to a deficiency of the cob1llt
containing vi ta min B,2, an accessory food factor 
produced in considerable quantities by micro-oro-anisms 
in the paunch. 0 

Withdrawal of cobalt from the rations leads within 
four days to very ma tcrial changes in the rumen flora; 
the numbers of vitamin B12-producino· microor"'anisrns 
which flourish there when the cobnlt°concentrttiou in 
t~e. fodder exceeds 0.03 p.p.m. dry matter foll pre
t:1p1tately, and the production of vitamin B12 is reduced 
to less than a tenth of the amount produced in the 
presence of ample cobalt .. The production remains at 
this low level indefinitely so long as extra cobalt is 
withheld. Reinstatement of a higher cobalt concentra
tion in the rumen contents results in a rapid prolifera
tion of the vitamin B12-produciug flora with a conse
quent rise in the production of vitamin B 12• 

A series of experiments has proven that less than 
5 per c~nt. of the true vitamin B12 produced in the 
rtunen 1s absorbed from the alimentary tract of the 
~hecp._ The reasons for this poor absorption are being 
rnvest1gated further. The absorbed vitamin is stored 



in the tissues, mainly in the liver, which normally 
contains about 2 µg./ g. wet weight-sufficient to pro
vide the full nutritional requirements of the mature 
animal for six montl1s or more, even under feeding 
conditions in which little or 110 further vitamin B12 is 
produced in the rumen. .A.bout 6 µg. vitamin B12 is 
lost each day during the normal course of metabolism, 
so that the duration of the period that a mature sheep 
can be dcpastured on cobalt-deficient pastures before 
it shows the :first symptoms of deficiency depends 
directly on the extent of the depots of vitamin B12 in 
its liver. These latter observations render clear the 
reason why sheep on incipiently cobalt-deficient pas
tures suifer so rapidly when the cobalt intake falls 
in certain seasons to less than the critical level at 
which the production of vitamin B12 is seriously 
reduced. Many of the problems associated with cobalt 
deficiency have become clari:fied from this series of 
experiments. 

(b) Coppei- Deficiency in Sheep.-Many of the long
term experiments conducted in the field and in the 
laboratory to extend knowledge of the copper meta
bolism of sheep have been discussed briefly in previous 
reports. Duri11g the past year one of the main activi
ties has related to the effects of molybdenum 011 the 
copper metabolism of the sl1eep and to the effects which 
supervene when considerable doses of sulphate, &c., 
are imposed on relatively high intakes of molybdenum. 

Molybdate equivalent to 100 mg. Mo/day very con
siderably increased the concentration of copper in the 
blood of sheep grazed at Robe but tended, paradoxically, 
to precipitate the symptoms of copper deficiency. Sul
phate superimposed 011 the molybdenum reduced the 
molybdenum concentration in the blood without 
materially influe!}cing the copper metabolism in the 
experimental sheep grazing at Robe. Similar experi
ments with experimental flocks grazed at " Gleuthon10" 
indicated that molybdenum increased the rate of deple
tion of copper from the livers of the sheep during the 
seasons when the pastures contained insufficient copper 
to make good that lost in the normal course of meta
bolism, and decreased materially the rate of storage 
during the periods when the copper in the pastures was 
relatively high ; bu t in no circumstances, either under 
field conditions or under the strictly controlled condi
tions of pens, did molybdenum reduce the copper stores 
of •animals receiving 8-10 mg. Ou/day below the 
critical level at which signs of copper deficiency appear. 
Experiments concluded during the past year also 
showed 1rnequivocally that ingestion of relatively large 
amounts of molybdato ( equinlent 100 mg. Mo/day) 
by breeding ewes dming the whole of their term of 
pregnancy and for a considerable period before did 
;not adversely affect storage of copper in the foeta 1 
lamb. 

The effects which supervene when sulphate is super
imposed 011 molybdenum are complex, and at this jllllc
ture the results of many experiments indicate that 
sulphate certainly influences the rate of elimination of 
molybdenum, but only in very special circumstances 
that of copper. The toxic effects of molybdenum, 
however, are decreased by administering relatively 
small amounts of copper. Current experiments are 
aimed at thr°'1·ing further light on this phenomenon. 

These studies of the effects of molybdenum, sulphate, 
&e., on the storage and utilization of copper by graz
ing ruminants are likely to assume considerable impor
tance in the understanding and control of "induced 
copper deficiency" in areas where the flocks develop 
the copper deficiency syndrome while grazing on pas
tures that contain sufficient copper to fulfil normally 
the full requirements. 
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7. PJIALARIS STAGGERS. 

(Divisio11 of Biochemistry and General Nutrition.) 
The field station established in the Ninety-mile Plain 

at Drecou, near Keith, South .Australia, on an area 
typical of the deficient terrain that is being developed 
in this region according to procedures indicated by the 
Division, has been described in previous Reports. The 
present activities there are devoted to experimental 
studies of the growth, production, and general welfare 
of sheep depastured on the thr ee types of permanent 
pastures that arc being used for the development of 
these deficient tracts. .A.s the overall problems of 
pasture development there have been solved, emphasis 
ha,,; been placed on study of the health of the :flocks 
and herds 011 these newly developed pastures, so that 
disabilities may be recognized and steps taken to 
rectify them before they assume serious proportions. 

Knowledge gained from experiments on similar 
Lypes of terrain elsewhere suggested that the cobalt 
concentration of some at least of the fodder plants 
grown on these areas might be insufficient to meet the 
full nutritional requirements of grazing sheep. Experi
ments designed to investigate this indicated in the 
first year that, whereas no evidence of cobalt deficiency 
appeared during that period in the individuals of the 
experimental flocks, a supplement equivalent to 1 mg. 
cobalt/day administered as a drench once each week 
completely p rotected the sheep from "Phalaris 
staggers", a fatal malady with nervous complications 
that has been observed to occru· spasmodically among 
sheep and cattle when their grazing is confined essen
tially to the perennial grass Phalaris tuberosa. 
!llthough its potential danger has been recognized and 
tho nervous symptoms attributed to a toxic principle 
in the young shoots of this plant, the malady had pre
viously been observed only in a few areas and in these 
infrequently. Serious outbreaks were unknown in 
most types of tenain where Phalaris is grown as a 
pasture plant. In the newly developed terrain of the 
\l"inety-mile Plain, howe1-er, the malady assumes very 
l'crious proportions. The protection afforded by the 
administration of cobal t 11er os has now been amply 
coufo·mecl, and ful'ther experiments haYe indicated a 
rcciprOC:al relationship betwe1?.n the amount of cobalt 
ingested and the amount of toxic material that the sheep 
<·a11 tolerate. 

Experiments during the past year have been aimed 
at deter:n:Li11ing whether the protective action of cobalt 
i;; effected within the intestinal tract or within the 
tissues. The concentration of cobalt in the rumen con
tents is known to influence very materially the nature 
of the mixed population of micro-organisms that i1:habit 
the paunch, and it is conceivable that those favoured 
by cobalt have the capacity to destroy the toxic p1·in
f•iple before it is absorbed. .Alternatively the higher 
Yitamin B12 status of the tissues contingent upon the 
extra cobalt in the rumen might conceivably increase 
metabolic destruction of the toxic material after it had 
been absorbed, and so prevent i ts concentration within 
the tissues to an extent that would influence the nerve 
cells. . The former of these alternative hypotheses is 
JJrobably correct; experiments have shown that the 
malady develops irrespective of the vitamin B12 status 
of the sheep; parenteral introduction of relatively 
massive doses either of vitamin B12 or cobalt itself 
affords no protection under circumstances in which 
cobalt per os will entirely prevent the malady. 

In these particular areas the Phalaris remains toxic 
until at least mid September; as the season advances, 
however, the growth ?f other fodder species in the 
pastures lessens t~c risk of the malady, because the 
amollllt of Phalaris consumed by the grazing sheep is 
decreased. 
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Attempts to isolate the neurotoxic principle have 
not as yet been successful; the procedure would in our 
present state of know ledge iuvol ve large-scale opera
tions, and the problem has been set aside z,ro tem. 
Neither the standing straw of Phalaris nor t_he tub~rs 
of the plant was toxic when taken as au e11tne ration 
over a period of three weeks by mature sheep in pens. 

Treatment of Phala,·is pastures i11 this area with 11?· 
of cobalt sulphate per acre in 1953 ~r?tected ~xpen
mental flocks in that year, under cond1t1ons wh1~h led 
to a high mortality in a flock depastured on the imme
diately adj acent pasture that had not been t reated. 
These exper iments are bei11g continued. 

8. Um,:A NnnoaEN AS A SouncE OF Pno-rEIN FOR Snm,P. 
(Division of Biochemistry and General Nutri tion. ) 

The possibility that urea or similar simple nitro
genous substances might :find useful application as sub
stitutes for protein supplements for sheep has been dis
cussed in previous Reports. Experiments with sheep 
in pens have shown that when the diet contains rela
t ively large quantities of simple carbohydrates that 
are easily utilized by the rumen flora, addi tional urea 
stimulates the prolifern tion of the micro-organisms in 
tl1e rumen, with the resu1t that nsefnl qtrn11tities of 
i rotein are formed and wool production is enhanced. 
l t was stressecl that the economic feasibility of urea 
supplements was doubtful and that recommendations 
for their use would depend on extensive trials under 
various conditions in the :field. A series of trials car
ried out in conjunction with the Queensla11d Depart
ment of Agriculture and Stock at "Toorak" :field 
station, Julia Creek, nor th-west Queensland, demon
strated the serious disabilities a ttendant upon the use 
of urea as a constituent of supplements fed under 
Remi-drought conditions. Supplements of urea and 
g rain proved nnpalatable, and in some cases actually 
t.oxic to the grazi11g sheep . 

The feasibility of feeding nitrogenous substances 
other than m'ea is being tested, initially by experiments 
with sheep under the controlled conditions of pens. 

9. J1.bun0Lrsu IN PREGNANT EwEs. 

(Division of Animal Health and Production.) 

(a) Prc(Jnancy Toxaemia Investigations ( Shcc7J 
Biology Laborat01·y) .-Blood analyses on laboratory
induced cases of pregnancy toxaemia in March, 1953, 
revealed the apparent presence of high levels of citric 
acid, but it was then found that the r ecommended 
method for its determination was subject to inter
ference from t he high levels of ketone bodies present 
ju the blood of fasted pregnant ewes and of ewes witl1 
pregnancy toxaemia. This necessitated an intensive 
investigation of met hods for estimation of blood citric 
acid levels. Methods for the determination of pyruvic 
acid were also closely investigated because peculiar 
result.s in that estimation appeared to indicate the 
presence of a keto-acid other than pyruvic, oxalacetic, 
and L-ketoglutamic acids in the blood of fasted p reg
nant ewes. 

The only consistent featu re recorded from a series 
of :field cases of pregnancy toxaemia was a consistently 
much higher level of acetic acid in the blood than was 
found in fasted pregnant ewes which showed no clinical 
signs. Ranges found were : fasted non-pregnant ewes 
1-3 fasted pregnant ewes 2- 5, and mild cases of preg
na~cy toxaemia 8-15 mg.-100 ml. blood. 

10. DnououT F EEDING AND R 1n,Al'ED P1rnm,1>Ms. 
(Division of Animal Health and Production.) 

I n collaboration with the New Sonth Wales Depart
ment of Agriculture, staff of the JvfoMaster Laboratory 
continued experiments on drought feeding of sheep at 
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Glen:fielcl, New South Wales, with further substantial 
support by the New South Wales Graziers' Association 
from the Burdekin Bequest. 

The chief r esults of the year's work may be sum
marized as follows:-

( i ) After a period of eight months on d rought 
rations, 4-6 tooth Merino wetbers showed no permanent 
effects. 

( ii) Wether.s which received regular supplement.; 
of cobalt averaged 10 lb. heavier in body weight an<l 
their p1asma contained 5 i .u. more vitamin A per 100 
m 1. than that of controls, but these differences were 
not statistically significant. I t was found that 27- 30 
per cent. of vitamin A administered ora1ly was ston•<l 
in the liver . 

(iii) The nddition of 0.25 per cent. sodium chloridl! 
lo rations which contained 50-100 per cent. of oat grain 
increased the rate of body weight gain by J 9-58 per ce11t. 
It appeared that under the conditions of the experiment 
the sodium requirements of the sheep lay between 0.88 
and 2.62 g. sodium per day, or about 0.1 per cent. of the 
diets . 

(iv) One group of lambs was given access to a creep 
containing equal parts of lucerne chaft and oat.s, and a 
similar group of lambs received no supplement. There 
was no apparent difference between the lambs at six 
weeks of age, probably because the ewes in both groups 
took all day to consume their ration, \Yhich consequently 
was also available to the lambs. 

( \') A forth er experiment concerned the effee:t of a 
;:mall daily snpplement of protein to sheep fed on cereal 
straw. The basal mtion was a mi..,turo of equal part~ 
of cel'eal-strnw chaff and wl1eatcn chaff, which con
tained 3.5 per cent. crude protein. This was fe<l ad lib. 
in self-feeders. Sheep in SL""< of the groups were given 
1 oz./ day of a concentrate mixture which contained 
18.() per cent. crude protein. The supplements were 
g iven daily, twice weekly, or weekly to three groups of 
twelve sheep, and three other groups of twelve sheep 
were feel indi,•idually in single pens. An additional 
g roup of sixteen sheep receirnd uo supplement. During 
the five months of observations the sheep of the control 
group lost 30 lb. in weight, and fom· of the sixteen 
clietl. The loss in weight of the groups which received 
the supplement was 5-12 lb. but there was no apparent. 
effect attributable t o the different methods of feeding. 
).lca~urerncnts of food intake showed that the supple
ment increased the quantity of roughage consumed. 
The plasma. Yitamin A le,·els were l ow in all groups. 

(vi) Scrnn groups of three-year-old Me1·ino ewe:; 
were used to imestigate the practicability of keepiu,g 
adult sheep on sub-maintenance rations for extended 
periods. Oat grain plus 1.5 per cent. ground lime
stone was fed to all groups and one group received 
in ndd itiou 0.25 per cent. salt. The rates of feeding 
were 4.0, 3.0, and 2.0 lb. starch equivalent (S.E.) per 
head per week. W ithi1L each group, one subgroup was 
fed weekly and the other daily. Both subgroups /!irnn 
.J..O lb. S .E. per week mai11tained weight dul'iug the 
seven months of observation and none died. The addi
tion of salt had no appreciable effect. In tlte sub
groups given 3.0 lb. S .E. weekly, about 10 lb. loss of 
weight occmred eluting the first month but thcrcafte1· 
t·he body weights were constant. Two sheep died in 
the subgroup feel daily. In both subgroups fed 2.0 
lb. S.E. per week a steady loss of weight occurred. 
Four sheep die<l in the daily fed, and fi.ye in the weekly 
fed subgroups. It. would appear that a ration of 3.0 
lb. S .E. per week is adequate to maintain store condi
tion for at least se,-eu months under these couclitions. 
It was found that increasing the ration of the survi,ors 
from the 2.0 mid the 3.0 l b. S .E. subgroups to 4.0 lb. 
S.E. per wee].. lerl t.o an i11crease of 7 lb. body weight 
in 4-0 days. 



ll. Tox1cn, OF LARGE RATIONS OF WnEAT. 

(Division of Animal Hcalt.h and Production.) 
In this condition, atony of the rumen ensues after n 

few hours. This may be due in part to the low pH; 
n study of the effect of low pII upon rumin11l motility 
has shown that reduet!on of p~ to near pII 4, as may 
o~cur nfter wheat gorging, considerably reduces ruminal 
motility. This work is being done at the Animal Healtl1 
Labo1·atory, Melbourne. 

Some further attention has been giYen to wheat 
toxicity ~n Lorses. It was found that when 10 g./kg. 
hody weight or more was consumed by susceptible 
horses, lactic acid fermentation deYeloped tbrouuhout 
th~ bo~vcl, as in sheep. This was accompanied by° mild 
nc1do.~_1s and. sev;re hnemoconcentration, but only slight 
laetae1dHem111. These systematic disturbance.~ were not 
ncecssnrily accompanied by fominitis. :Marked lami
nitis rlr1·cloped in l101·scs which consumed only 7-0 
g./ kg. body wei(;ht, but no evidence of predominantly 
lactic fermentation was found in the bowel at autopsy 
two to three days after feeding. A study is being 
made of tho pnthologicn1 histology of lnminitis in 
these cases. 

12. INFERTJLrn· ANI> PHYSIOLOGY OF HEPRODUCTION'. 

(Di1 ision of Animal Health and Production.) 
(a) Seasonal Variation in lhe Le1,el of Ferlil-ily in 

,llcrino Sheep (An·imnl llealth Labor<ilory, Jlfelboi,rne). 
-(i) Comparison of Jllating Times.-A flock of ewes, 
~e1·en to eight years of nge, was dfrided into two groups. 
One g1·oup wns mnted in June-July, the other iu 
Dcce111ber-January. Of the animals joined in June 
mating declined from nn irutially high leYcl to a lo,~ 
IC'l'cl in the fourth week and it was estimated that :'i 
per ce11 t. did not mnte. Of those joined in Decern ber 
u ~I n111 trd ~nd the incidence of mating iucrensed to u 
lngh lernl lll the fourth week. Ilowe,cr, the incidenre 
of mnting did not attain, in either group in nny year, 
tl,e lerel of G per cent. per day characteristic of matu1g 
in ~farch-April. The mating performance in December 
rnnnol he explained on the basis of stimulation of 
orn 1·in11 activi1y dP novo . ns OV11lation and corpus 
lutemu formation must hai·e been proccedu1g in some 
ewes of the group at that time. 

Some of the ewes were autopsied tlin•c to six weeks 
aftl'r n1ating. Of these ewes 92 pe1· rent. in t:he one 
group nnd 87 per cent. in the other had normal uterin•! 
Colltc111s. Tho studies nre continuing. 

(ii) T win Birlhs.-Amoug :Merino ell'es now fir" 
1o six yPar.£ old, in which 53 per cent. of tll'in births 
occuncd from conceptions at tl1e Werribee fiel<l station 
during May and June, l!l52, there were 05 per cent. of 
twin births from conceptions in May, 195:1 nnd 3G 
per cent. from conceptions in July. The proportion of 
tll'in births from conceptions in July, tho11gh lowr:r 
than that from conceptions in May, was much higher 
than hnd been recorded previously from mntinu at 
ll1nt time. The proportion "·as also much hio-l1er than 
in ?wcs from n11otl1er source, se,·cn to eight y<>:ns old, 
ll'h1rh were mated under comparable conditions in llay. 
In these only 17 per cont. of the births '-ere twin. 

( b) l•'ailnre in Gonreption and Ea1'l_11 Rmln·ljonil' 
Jlorlalily in .. llerino Ewes.-This study was cxtenclt>d 
to Cll'es at the Regional Pastoral Labomtory, c\rmidale 
11.11d tltc National Field Station, "Gilruth Plains"'. 
:\t both centres n number of ewes were autopsied thre<> 
to four weeks after mating. Little evidence was foun,J 
of failure in conception nt Armidale. HoweYer, normal 
ltenl tby focti we1·e present in only 31 of 37 owes at 
"Gilruth Plains". 

(c) Seasonal Variation in Lactation.-The present 
studies have been extended to embrace observations 011 

seasonal nriation in milk production and the course of 
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lactation . Early observations suggest that when milk 
is allowed to accumula~e i1; the udder for ns long as 
5 hr., the rnte of secretion 1s retardccl and the interval 
between test milkings must be reduced to 4 hr. 

(d) J.lnling in the Field.-The occurrence and dis
tribution of mating has been studied in sample group~ 
of ewes from five Merino and two Corriedale flocks 
in the Western District of Victoria. The distribution 
of mating Yaried with the time at which the ewes 
were joined with the rams and with their prior treat
rnm!t· I:uring the first four wee.ks of th~ _mating 
penod, So-00 per cent. of the :Menno ewes .1omed in 
November, 1053, aud 96-98 per cent. of those joined 
in D ecember. 1053, and ~arch, 1954, were marked by 
tl1c n1ms. In two Merino flocks which were joined at 
tltc end of December and in Marel1: respectively, 94! 
:incl VG per cent. of the ewes mated m the first week. 
Only 72 per cent. of maiden Corriedale ewes joined 
in mid-December, 1053, mated during the first four 
weeks and some did uot mate until the end of March. 
Kin<'ty-fiye per cent. of mature ewes from the same .Bock 
had mn_ted in the first four weeks after joining at thP, 
end of Decern ber, 1%2, an<l 04 per cent. of Oorriedalc 
ewes from another flock mated dm·iug the first three 
weeks after joining in March, 1953. 

( e) 111 echcmism of Fe1·lilization (Sheep Biology 
Laboralory).-(i) 'The Reaction of the Zone Pellucida 
lo 871erm P enefrafion.-The zona pellucida of the rat 
egg, i11 common with the eggs of m?st animals, changes 
after the entry of the first sperm 111 such a way as to 
decrease the chances of a subsequent penetration. It 
hns now been sho,1·n that in the rat eo-g this cbano-e took 
between 10 min. and 1½ hr. to reach
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completion."' 

( ii) Induction 011d Inhibition of the Second Polar 
f)irision in !he Rnt Egg.-Cold-shock and various 
~nacsl hctics ca nsec~ emission of . t~1e second polar bod_y 
m a large proportion of unferbhzed C!!'."S. This acti
va tiou of the egg did not render it in~penetrable to 
spenns, as was previously thought. Inhibition of the 
-~C\:ond polar division in penetrated eggs was induced 
hy hot-shork or colchicine t1·eatment. Hot-shock had 
11 trans itory effect hut the effect of colchicine was pro
longed .. Ilo) -sh?ck t.rentment of rat eggs would probably 
resnl1 1~ tnplo_1dy m some of the embryos, for there 
was a lugh 111c1de11cc of dispermy in treated eggs. 

·w1ien cold-shock trea tmcnt was applied to the eggs 
?f unmated rn1s, almost 10 per cent. of the eggs were 
111d11t'cd to u~dcl'go nucleus formation and early 
cleavage. T lns appeared to be an early form of 
parthenogenesis. 

(iii) The cj)'ecf of Uot and Cold Shock Treatment 
on M 011srJ b'yg:s.-1 n the mouse, cold-shock did not 
croke the c:.ou1plctio11 ?f the second polar division, but 
hot-shock did. Followmg hot-shock treatment, apparent 
eftrl.1 par thenogenesis involving reformation of nuclei 
all<l 1·lrarn~e was i-een in about half of the eggs from 
u1111wted animak In mated animals many of the 
egg., nuclcrwent ahnormal fertiliza tion. Both types of 
egg~ 111::iy be 1'xpectcd to give rise to triploid embryos, 
bnt by diiforcnt mechanisms. 

. (fr) Time Relations of Ovulation and Ferlilizalion 
m R(/ls a11d .Mice.-The time relations of ovulatioll 
a11d the Yarious stages in the penetration of eggs and 
the formation of pronuclei have been determined in rats 
kept under nntural Jio-hting conditions and in those 
kept iu a cabinet in which "day" and "nigl1t" were 
rnver.sed. In both gl'oups, ovulation began about 6 hr. 
after the onset of darkness and was completed in about 
4 br. The other time relations were very similar in 
the two groups. The aYerage interrnl between ovula
tion and sperm penetration was about 3 hr. 

Similar time relatious were found for mice kept in 
the same cabinet and using the same diurnal cycle. 



(v) Delayed J,,Jafing in Mice.-In rats and rabbits, 
when ma ting is delayed until tl1e time of ovulation or 
later, a consi<lera ble increase in the i.ucidence of poly
spenny is ob~ci·ved. Howovor, in mice no such increase 
was seen. 

In 1J1e rnt, pC'11efration of the eggs b_y sperms ~oes 
11 ot conmw111·c 1111til tll"O hour, ;1f 1er delayed matrng. 
Tltis wn.s t11kC' 11 l.o iu<li<:atc tLat tho sperms nonnal1y 
l'Cquirc to spend a period of aho11t two h ours in the 
f~·rn:1le trn(•t bcforn tltcy arc able to pem•tra tc t.Lie eg:gs. 
J t has J1011· hee11 found t.hat iu thl' mouse tlic venod 
re<]uire<l for tl1is "capacitation " is only about one 
!tour. 

(1·i) Observal•i.ons on N11clear :-:iizc anrl f?orm -in Ra/ 
and Mo·11se Eggs.-Nuclear size and form in eggs that 
11·erc 1·c1]' probal,ly l1aploid, diploi(l, and 1,riploid, were 
rnfldc Mll i Home l'Onc-lusions wer e reached about the 
rnec-!1anis1ns i 111"<, h C'd in the rrgula t ion of r ro1rnclea r 
~l'owtl1. 

(Yii) /i'11rly Gynogenesis in Rats.- Adnlt male rats 
ll"el'c plac·ed bcnenth a thcmpe11tir X-ra.r rnncbi110 anrl 
ginin do~Ps of !'iOO, 1,000, 2,000, and 3,000 r . The rats 
were .<nbrnqucntl_y allowed coitus and fertil ized egg.• 
,rnrc found in females inseminated by males which had 
recci1·ed 500 and 1,000 r. T he mnles whieh received 
higher doses rarely mnted because of inflammation 
of the prnis. Tl1ese dose levels arc being r epeflted with 
the prnii; J)rotccted . 

(,·iii) '/'he 7?/)'ed of Genislei.11 on P erlilizafion.
Spcl'l)1 trnnsport to the site of fr1·tilization aud tlic 
t'cr tilizafo,n of t.he eggs appcnrccl normal in rats gi1·cn 
2. JO, 01· 50 rng. genistcin/ 1rcrk, or 0.2, 1 .0, or 5.0 
,,.!!. or,,tl':id i0l/ wC'C'k. !\ do~p lel'el of 50 m~. ~enistein/ 
ll'l't·k , lio\\' r 1·er, intcl'n1pt,·d prcgwrnc_v i11 the later 
., t ,1 gc·s. \'out' of ,::ix a11i111nls ~o tt·t•fltcd gn1·(' hirt.h LO 
youug, althnnglt th<'_y 11·rr0 nllc>11·C'd to l'C'm:.iin witl1 the 
111:1lc•s for fi,·0 11·rPk.,. .\11 , l:011·cd e1·idr>n(·e of foctnl 
rPsvrptio11. The effrr·t of l1ip:ltrr do!<PS of ne$lradiol 
i, brinl); i1westig:i ted. 

(i.x) C'om71r,rafi11e Sl11d·ie11.- ln co-operation with 
lliC' l,;niYl'l'~ it_y of Svdn<'y, t he• di!"tribution of Rperms 
in the _g:l'nital trnl't of dop;s soon nfkr mn.ti11:r WM' 

1•h~cned. Tn 11ddition, the 1rnele;1r changes acc-0111-
pwying- fert ili:rn tion in do~ eggs were stu<l ied. 

Tl1c sperm morphology of scrnra l a vailablc species of 
nrnrsupial (opo.e~um, hnnrliroot, and t igP1· cat) wa~ 
. ,t11dicd. 

(x) ll is!oclrn111icol Reor'/ io11.s of .1llucopolysac-
c/1r1r icles.-Chondroi t.in sulphate, tho acidic mncopoly
~:1cehnride frn111 Cl)l"ll ('a, 11 1Hl the :1cidic and neutr11 l 
muc-opoly;;:ier·lia r itll'~ from g-astric murin were prepared, 
and prep:nation~ of h:,:illll'onic acid, l1eparin, a1lCl the 
ar·id 111ucopol_ys11r·chn1·i(l<' fro111 clc•11f i11c 11·('1·e ohta ined 
frn111 ot]1p1• ~onr cPS . 

'~he_ 11t•11_t.r11l (:0!1tpo1111d .~ta iii ed ~trongl_y hy the 
prr1'.)d1c :1cH1-S(•l1d:I (P.,\ R) tedw iq11 c•, the 11.r;idiC' prc
p:irnt._ion fr,,m dent! ne stn inc-tl moderately, l1ut the 
remnrnder l>1H Pl_y .•t:1 m0d r1t .ill. It. 11·ns concluded that 
illl' I'.·\S rc;;ction is nf l it1Jc, value for the l1i$tor.l1c111ical 
tlt·rno11~trfltinn of :1cid n1ucopolyoarr· lrnridC':'. 

13. 131m1m11-c: AND GENE TICAL STuou,,s. 

(Di1·i~ion of Animal H eal th alld Production.) 

(r,) h,l,recl Flocl.·s of 1l-,1sh-alia11 Jlierinos (Nnllnsie1· 
l•'ifld 8 /(1/.i(ln) .- (i) The fi'lor.ks.-The programme of 
inbrcl'Clin_g "·i1hout select.ion is cont.iuuing. Sfres lead
ing three of the f-locks hnve beeu replaced owi110- to their 
lo,1· fpr t ility . This will result in a slight decline i11 
the level of inbreeding (vYright's coefficient ) for this 
year's lamb drop. A menn ii1breeding coefficient of 
approximately 0.20 is expected compared with the Je,·el 
of 0.24 for 1 he 1953 drop. 

(1i) 1'07J-crossinr;.-Data fo r mean birth and wean
ing weight;;, from progeny b_y sires having inbreeding 
coeltit:ients of 0.25, and their non-inbred half-brothers, 
born at Deniliquin, continue to show no diiforences. 

(b ) l nherilanre of Coinponenl J1'leece Uharaclers.
lfoeiprocal ma ti ngs of the parental generation were 
commenced this _year, u sing Border Leic·cster rnms from 
1 ii<• s tud which provided the original p:nelltal ewes, 
,llld finewool e11·es from the ,ctnd 1d1irh proYicled the 
<J1·i!,!'i.Hal parcnfal rams. Complete .Parental mati11g-s 
H 1·0 now .l:fo rdcr Leicester sires x i'inewool 1\-lerino ewes, 
and fi11ewoo l 1\leriuo .si res x Border L eicrster ewes. 
Fi progeny from tl1is latter cross continue to be mated 
for tlic purpose of buildinl!; up the F 2 population. 

F11l'tl1e1" !Jeete data from tho F, goneratiou support 
t be l'tfl tC'1 11en t made pre1·iou., ly that for 1he c11aracters 
of yield a11<.l ll'ax and suint r atio, mean qiJues for tbe 
F1's are similnr to those for the Border Leicester 
pa rent. .~Jean Yal ue:-; for staple length and :fibre 
diameter eontiuue t.o he of an iutermediatC' 1iature, 
11 ltL011gb closel' to tbe Dorder Leicester parent. :Meau 
rnluC's for number of crimps per incb iwd dcn~it.v of 
fib r(' pop11ln tio11 are more ~ruly in termcrliate. 

(1·) Fleece B ol'.-Results of observations were pub
fohcd du1·ing the year. FUJ"ther work is in progress. 
Clinrntir· data from a number of centi·cs are being 
exnmi1wcl in order to del ineate areas iu which fleece rot. 
is likely to occur. Other data from Tarious sources 
sholl' 11iat strains of l(erino ,<::hecp differ iu the degree 
of lhcir susceptibility to tbe disease and thnt these 
cliffC' rcnces bea r imp01'tant rC'lationships to diniatc. 

(d) 8/uclir>i; 011 J'u·ins.- ( i ) Selection f or T winniny. 
- ln c-unj unction ,,: i tl1 tlic Di,·isio11 of P lant Industry 
;111,I l11e Division of :i.\fathcmatirnl Stntis(ir·s. a twin 
~•·!ci•I iou (·xpcrirne;rt ha:; hPC'll cmmne>nc·C'd a r J le11iliquin. 
Twi11-lwnr.in~ ewes l1111·c been mnLed to ralllS born a~ 
~ll' in.,, and _single be~riug ewes to rams born as singles, 
111 a _..:r•lec·tion cxpcrm1cmt (for and ao·ainsl' 1winnimr) 
,1,._, j,.•nP<l to co11ti1111e O\"er seYcn1l gene~ation~. ' 

(ii) Skin Follicle Comparisons between Twi1~ a11d 
Single La111 lis.-Tn rouj unction witb the Animal 
Clc•rn,ti~~ S<'rtion hrn experiments are in progress to 
dvtennme whether diffcrenres in follicle population 
Jfer _11nit area , or iu numbers of prim11ry and secondary 
f nlliclcs, arc obscrrnl,le between t11"i11 aud sino-le lambs 
riming- gestation and also during po,,t-natal g:owth . 

(e) _The EO'ccl of ~mpaired or Imperfel't ]fammary 
fh 1nr!inn of the Mf'r_ino E:we on her A bilil_1; tn Rawe 
r, L<nnh.- Data 1rh1cb ha1·e been obt::iined over a 
fo11r-ye111" pC'riod 11 11 \"e been analysed. T he prinr ipal 
finding~ from the inve$tigation are :-

( i) In a flo~k of e1o1·cs the number havi110' defective 
11ddC'1· function increases witb age, rising fro~ approxi-
1na tcly 4 pc·r cPnt. at two yca1·s to 1 G re1· re11t. aL 
seven yc'a 1·s. 

( ii) . \ftrr allowing for the effect.-: of extraneous 
fartol',, it \VH F fou nd that PWC.S \1·it fa defec:tiYe udder 
fn_nriion rrn red fo1yei· _lan~bs to weaning age than those 
11·1tl1 11or111nl l_y fun1·t1onmg udders. Their lambs 
:1·1·re ~],;o lig-hter _at ll'cm1ing1 made smallt'l' daily gai.ns 
111 W(' tg"b l, anJ, 111 tL.e 011e yea r when the., WC're not 
Rl1orn 11.~ WC'ancrs, cut less greas_y "'ool per l1ead. 

(f) Slrain-s of Nerino Sheep in 8eoeml Environ-
111e11/~.-- Thi.s p r oject is continuing sati~fartorily at the 
thrct' field cm1t1'P5. Standard observations und measure
nw11 ts arP l,eiJ1~ made and subjective fleece o-radin"'s by 
a ~,·orker f_rom the East Sydney Tcchuical 1:,Colleg: a1'.e 
b<>rng cont1m 1ed. 

Nnmhcrs of sheep in ench of the strains have boon 
reduce<l _to not more than 100 ewes of all ages per st.1•ain 
per station. 
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Semen examinations of rams to be used in t he trial 
at all stations have been continued . . .An exch~nge of 
rams between stations has been ca~·ned ont with the 
aim of maintaining ge11etic uniformity. 

.An analysis of the data for the_ 1~50-51 season from 
the purchased ewes ga,e rest:lts sumlu~· to _that of. the 
previous season in that ~tram X location mternctions 
~rere highl_y significant m m_ost . characters. lv~ost of 
these interactions were small m size compared with th~ 
main effects of strain and location. 

Data from the group feeding experi~ent mentioned 
in last year's Report ha,,e been e:"amined. In terms 
of weight of wool :i.:iroduced per umt of not en~rgy con
sumed over a penod of four months the differenc~s 
between strains were not significant. They were rn 
the direction of the strong-woollecl strain being most 
efficient and tho fine-woollecl strain least efficient. 

(g) H orned-ness in Shcev.-These studies, com
menced in 1951 at "Gilruth Plains", have reached the 
stage where the first F2 _ animals have been inspected 
as weaners. On the basis of these and other observa
tions a workino- hypothesis has been formulate<l which 
sugg~sts that P?lledness is _dominant to hor~ed~e~s 
in both sexes 111 the Mermo sheep used m .his 
experiment. 

In addition to the mating planned spe::ificall,y fo r 
the study of hornedness, all ewes in some of the other 
tria ls mentioned numhering some 1,500, are scored 
annually for degree of hornedness. :F rom these data 
it is hoped to demonstrate whethe1· or n?t _hornedness 
is associated with any fleece character1st1cs or any 
aspect of fertility. 

14. SHEEP BEED!NG. 

(Di vision of Mathemat,ical Statistics.) 
The DiY isim1 of Mathematical Statistics has con

t,inued to \York iu collaboration with the Division of 
Animal Health and Production in studies on sheep 
breeding. 

(a) Progress of P~·oject ABl.-T½is pro,i~ct, the 
main one of the studies, was reorgamzed durmg th e 
year. It consists o~ two parts, _one being of three clo~ed 
breedu10· n-roups with three different methods of sire 
selectio;, the other of paired closed breeding groups 
in which selection i s for high and low values of single 
characters. 

In deali11<•· with heri tabilities as high as those found 
with charac.-ters of the Merino, only a small advantage 
is to be gained by the use of family tests, but despite 
this it was considered advisable to continue the sire 
selection o-roups in the experiment, with modifications 
in the n;mber of sires and ewes used. This adjust
ment made it possible to extend the work on the family 
series, and consequentl_y five new pairs of groups were 
added to the two mentioned in the last Report, the new 
characters under selection (for high or low values) 
heino· clean wool weight itself, fibre diameter, wrinklii1g 
scor~ wool weight per unit area of skin, and percentage 
clean-scoured yield. 

( i) II critabilily and Correlation Esti:nU1,tes.
Furthcr heritability estimates from the sire selection 
series havo c011firmed the high values previously found 
for wool weight and its compouent~. Rc~ults from 
the family series also confirm ~hese }ugh c.stunates, the 
progeny in most groups showmg even greater move
ment in the direction of selection than would be expected 
from the heritability :figure. 

Follicle counts per square centimetre on skin sections 
at birth and at 15-16 months, from progeny in the high 
and low fibre number p;roups, have shown differences 
not only in the number of secondary follicles and 
t he secondary: primary follicle ratio, bu t also in the 
number of primary follicles. 

The contribution to clean wool weight of each _of 
the five components (bod_y size, wrinkling of skm, 
fibre number per unit area, staple length, and :fibre 
diameter) bas now been analysed for ewe prog~ny 
born in each of five years. The importance _of high 
fibi·e number as a source of increased wool weight has 
been clearly demonstrated in four of the ~ve y~ars, but 
in the fifth year fib re number had ver.Y_ l_1ttle mfluence 
on wool weight. In this year feed cond1t1~ns were b~d, 
t.he ewes were small, fibre numbers per umt area bemg 
correspondingly high, and wool weights were low, with 
les.s ,·ariation than in other year s. 

( i i) !nfliumce _ of Age ~n P roduc~io•,~--:Wit
1
h the 

emphasis now l::ud on select1011 by the mdividual s own 
performance, accuracy of measurement _of that per
formance is essent ial. In general, rams will be selected 
at, the earliest possible age, but comparison of rams 
a t differen t ages may sometimes be necessary. It is 
planucd to keep all rams in th e cont ro! series until 
si:,; years of age, full measurements bemg made on 
t he~ annually. Information on age changes will then 
be available. 

Observatioi1s ou changes in production with age of 
the ewe are being made up to ten years of age. Data 
for the older age-groups a re so far scanty, but 
there is an indication of slight decline in survival rate 
and weaning weight of lambs after the ewes reach an 
age of eight years. .At nine years of age, the percentage 
of lam bs weaned to ewes mated, and the mean weaning 
weight of the surviving lambs, are still higher than for 
maiden ewes, but in the only records yet available for 
ten-year-old ewes both these production measures are 
lower than for the maiden ewes. Clean wool weight in 
eight and nine year-old ewes is about 1½ lb. below that 
for two to three year-old ewes. 

Information 011 changes in production with age h as 
been used to calculate production tables based on 
different ages for casting ewes. 

(b) Additional Selection '.l.'rial.- One of the main 
problems in the Merino industry is the low lambing 
percentage frequently obtained. A possible solution 
·would be increased t winning, even if in some environ
ments twins are inferior to single lambs. Four groups 
were mated at the Regional P astoral Laboratory, 
Deniliquin, in May, 1954; in two of these, selection will 
be for ewes bearing twins, and in the other for ewes 
bearing singles. Later, when numbers build up, the 
g roups will be split over two environments. 

The experiment will give information not only on the 
possibility of increasing twinning through selection, but 
also on the 1·epeata bility of twinning, and on the 
maternal infiuence of twin ewes on the productivity of 
their offspring, both for wool and lambs. 

15. GENETICS OF SHEEP. 

(Animal Genetics Section.) 
The experiments outlined in last year's Report 

continue satisfactorily. The experiment to determine 
the age at which the p1·in1ary: secondary follicle ratio 
in Merinos becomes markedly different from that of 
other breeds has been completed. A new experiment 
has been launched in collaboration with the Dickson 
Field Station of tbe Division of Plant I ndustrv to 
determine ~he heritability of primary ; secondary ;-atio 
and to estuua te tbe e;.; tent to which environme1,tal 
rnriance in this character can be measured and 
discounted in breeding w01·k. 

16. BIOLOGICAL STunrns or,- SinN AND W ooL GROWTH. 

(D ivision of .Animal Health and Production.) 
_(a) Comparative Studies of Breeds of Sheep (Sheep 

Biology Laboratory) .-The statistical analyses of the 
study of Lincoln, Corriedale, P olwarth, and Fine 
Merino ewes montioned in earlier R eports have been 
concluded. 
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The annual returns of registered breeders to the 
Austral1an Merino Stud Flock Register have been 
tabulated for the years 1921-1950, and some analyses 
completed. One of the most outstanding points 
emerging from this analysis has been the great genetic 
importance to the industry of a relatively limited 
number of "parent" studs from which a high propor
tion of stud and flock rams is derived. 

(b) Endocrinology of Wool Growth.-(i ) Wool 
Growth and the Anterior Pituilwry Gland.-Work has 
been continued on the fractionation of anterior pituitary 
extracts and the capacity of these extracts to restore 
wool growth in the hypophysectomized sheep. Pre
liminary evidence suggests that ox growth l1ormone is 
electrophoretically distinct from sheep growth hormone. 

Problems of the application of zone electrophoresis 
to pituitary proteins are being examined. The condi
tions most suitable and widel,y used for the analysis of 
plasma protein have been found unsatisfactory for 
pituitary proteins. 

(ii ) Wool Follicle Development and the Thyroid 
Gland.-Thyroidectomy of the new-born lamb has been 
shown to suppress tlie completion of wool follicle 
development. Administration of thyroxine prevented 
this effect. The extent to which the degree of follicle 
deYelopment is determined by the level of thyroxin 
secretion is being examined. 

(iii) Wool Growth and the .t1drenal Cortex.-An 
experiment on the influence of the adrenal cortex on 
wool growth was carried out by observing effects on 
wool growth and on tl1e adrenal cortex of the adminis
t ration of D.D.D. (2, 2-bis (-p-chloropbenyl )-1, 1-
dicbloroethane). No effects on wool growth have yet 
been produced but it remains to be seen whether D.D.D. 
has produced the histological changes in the adTenal 
cortex reported for dogs and rats. 

(iv) The Relation of Wool Growth to Environmental 
Light ancl Tempemhire.-Preliminary observations 
have been made in an experiment designed to analyse 
the relative contributions of heat and light to the 
seasonal cycle of wool growth. 

(c) Experimental Histology of Skin and Hair.-(i) 
The Blood Sitpply of the Slcin and Hair Follicles in 
Shee1, and Other .Mammals.-.A. study has been made of 
the distribution of blood vessels to the skin and various 
types of hair follicle and the effect of fluctuations in 
blood flow on growth of hair. An injection technique 
( using Indian ink) has been used to study the dis
tribution of the blood vessels iI1 the skjn of sheep, r ats, 
and mice, and a transparent chamber technique has 
been successfu11y applied to one mouse, a photographic 
record being made of the changes in the skin blood 
vessels. These observations, which will be continued, 
have important implications for several problems of the 
biology of skin and hair. 

(ii) Growth of Sheep Slcin and Wool in Tissue 
O1tlt1tre.-The commencement of this investigation was 
reported previously. Skin from sheep foetuses of 80, 
100, and 120 days' gestation has now been cultivated 
for 16, 16, and 11 days respectively, in a medium of 
fowl plasma and chicken embryo extract. Some 
development and growth of wool follicles have been 
observed. 

(iii) Growth of .!If arsupial Slc1:n a.nd Hair in 'Vivo 
ancl in ·vitro.-Because the young of ma1·supials are born 
at an immature stage, and because the structure and 
development of their skin and hair are fundamentally 
similar to ~hosP. of . placental mammals, they are 
extremely smtable annnals for studying many of the 
problems of the biology of skin and hair. The methods. 
used to grow sheep skin and wool in tissue culture have 
been applied at regular intervals to the skin of two 
pouch young of the brush possum ( Trichosurus 
1iulpec11.ia) . This study is in progress. 

(iv) The Expression of the Gene "Tabby" in the 
Hai?- of the Mouse.-This work is still in progress. 
The gene Ta causes absence of two of the three types of 
pelage hair follicles and a reduction in the number of 
facial vibrissae in the supra-orbital, post-orbital, post
oral, and interramal regions. The present hypothesis 
is that the gene acts directly on the skin by suppressing 
the initiation of hair follicles, and the times when the 
action begins and ends were accurately defined from 
observations made on vibrissae and pelage hairs. 

(v) Effect of Oestrogens on Vaginal Epithelium in 
Tissue Cultm·e.-The mode of action of oestrogens is 
being investigated from several aspects by Dr. J. D. 
Biggers and Mr. P. Olaringbold of the Depar tment of 
Veterinary Physiology, University of Sydney. In 
collaboration with these workers, a study was made of 
the action of oestrogens in tissue culttne. Pieces of 
the vaginal wall of immature mice were cultivated 
for three or four days in a mixture of capon plasma, 
chicken embryo extract, and a solution containing an 
oestrogenic substance. Each of the twelve oestrogens 
tested produced a typical stratification, and sometimes 
keratinization, of the vaginal epithelium, while control 
explants without oestrogen retained a simple epithelium. 
The dosr.-response relationship for oestrone has been 
investigated. The effective dose for oestrone in tissue 
culture was only about 1 per cent. of the effective dose 
when the same substance was administered intra
,raginally to the intact animal. 

(d) Slcin and Fleece De'Velopment.- (i) Further 
observations on competition between skin follicles in 
sheep have shown that competition between secondary 
follicles, and between secondary and primary follicles, 
is complicated by competition between primary follicles. 
This latter effect is therefore being studied in early 
foetal material. 

(ii) Preliminary investigations are in progress on 
the effect of the plane of nutrition during pregnancy on 
the development of the skin follicle population. 

(iii) Earlier examinations have shown that a large 
number of undifferentiated secondary follicles is 
present in the skin of the lamb at birth. Recent observa
tjons indicate that there is close agreement between the 
total secondary follicles in all stages present at birth 
and the number of follicles which are subsequently 
fonnd to mature in early post-natal life. This suggests 
that the potential secondary population is determinable 
during pre-natal life. Other observations indicate 
that the number which actually become fibre-producing 
follicles is conditioned by post-natal conditions. 

(iv) Observations on two Merino sheep which showed 
a low ratio (7: 1) of secondary to primary follicles at 
maturity indicated that these animals had a normal 
potential follicle population at birth, but that a large 
proportion of the secondary follicles failed to progress 
to the mature phase of fibre production. Outwardly 
these animals appear to be quite normal except for the 
production of a Down type fleece. 

(e) Physical Studies of wool.-(i) Maximum Con
ditioning Speeds.-The maximum speed at which wool 
fibres could be conditioned to equilibrium with a new 
atmosphere has been determined. The basis of the 
method is that the regain changes are made to occur 
in air streams so rapidly that the temperature of the 
fibre and the humidity at its surface differ negligibly 
from those of the main air stream. As an example of 
the results, it was found that at room temperature 
(about 25° 0.), when absorbing from the dry state 
(regain = 0 per cent.) in an atmosphere that gave a 
final equilibrium of 19 per cent. regain, one-half of the 
total change took place in 20 sec., and three
quarters of the total change in 40 sec. By contrast 
when desorbing from 19 per cent. regain towards th~ 
dry state, one-half of the total change was completed 
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in the first 20 sec. as in adsorption but three
quarters of the water was not lost until 200 sec. had 
passed. 

(ii) Diffiision of Watei· in Wool Fibres.-The general 
rase of a rnriable rliffusion coefficient, and calculation 
of the regain v. time curves for desorption in dry air 
from 19.2 per cent. regain and for absorption from the 
dry state to 10.2 per cent. regau1, has been explored. 
Desor ption was slightly faster than was to be expected 
from King's data for horn, and absorption very much 
, lower tl11rn expected . The explanation advanced is 
that, as has been suggested fo r some other high 
polymers, there is a time lng i11 the adjustment of the 
diffusion to a change in regain. 

(iii) Specifir Heal of Wool.- In attempting to 
elucidate anomalous resnlts in the hea t transfer experi
rncnts, the rn l ue for tho speci£c heat of wool was 
reconsidered . The original rnlue for the specific heat 
of sheep's wool wns confirmed, but some modifications 
were found necessary in tho method of measurement as 
originally described. 

(iv) Th e "IIandle ,, of Fleece Wool.-The analysis 
of the second "handle" experiment, described in the 
bst Ile port, confirmed the finding t.ha t diameter 
differ0nces were the major cause of Yariations in handle, 
and that depth of crimp was also a contribut ing factor. 
T he finding- that increasing tho percentage of snint 
rauscd a deterioration in handle was not confirmed. 
Additional significant factors i11 the second experiment 
were the coefficient of variation in diameter (1 per cont. 
le,·el) and the staple length (5 per cent. level). The 
dependence of handle on the ,·a rious characters was such 
that diameter differe11cr.s could cause as much as 3.6 
grades differonce in handle (maximum cfrfference of 
five g rades), whereas the maximnm effect s ascribable 
t·o the other significan t diameters were between 0.5 and 
1.0 grndcs. The inlrnrcnt stiffness of the fibre (M 
indicatrd by measurements of Young's modulus) was 
not quite significant ns a fact.or determining handle, and 
even if it were the regression coefficient indicates that 
only about 0.5 g rndc difference could be caused by i t. 

(f) Routine Jlleasn1·e111cnl.~.-(i ) llistoloyic-al E:w·mi
nat·ions.-a\. total of J 800 sections ha Ye l.,cen pror.esscd 
clurillg the year. Of these, approximately 00 per cent. 
were from. sh eep for routine follicle count., and fibre 
diameter measurements; !5 per cent. were from cattle 
skin; and 5 per cent. from miscellaneous post-mortems. 

(ii) Physical .Meas·nrernents of Fleece. - During 
the year , 27,237 measurements were made on fleece 
-~amples, including determinations for yield, density, 
mean diameter, staple length, and cr imp. Most of these 
measurements were made for projects within the 
Division, but some 15 per cent. were for other projects. 
The storage of samples was placed on a permanent basis. 

17. SHEEP DISEASES. 

(Division of Animal H ealth and Production.) 
(a) Gaseous Ly-rnphadenit~~ of Sheez.i .-The prelimi-

1inry test of the efficacy of vaceina tion \\'itlt Oorynebar
tei·iurn eqni against infertinn with G. ovis was con
eludcd. The intrn.dcrmRI route of inoculation had 
shown promise as a means of artificiall;v iuduciug the 
disease. Tho strain nscd to challenge tl1c imrn.unit.y of 
the vaccinated sheep had unfortunately lost its virulence 
and the results ,rnre inconclusive. 

The field experiments in New South Wales desig·ned 
to dct:ermine the valne of two possible methods of 
control of the disease have now been conclnded. One 
method was an anmrn l pre-shearing vticcination and the 
other t.he placing of t.he sheep directl,y "off-shears" 
in a clean rested paddock. The experiment was corn
me11ecd in 194-6, whP11 two gronps of young wethers were 
,rnbmitted to one or other of the methods, which were 

repeated each year until the animals were sent for 
slaugl1 ter. li\uther groups of wetbr r weanc1•.q were 
brought into the experiment in JD47, 104?, a~d 19~9. 
The last groups 1,ere slaughtered and exam med 111 J 9:i4. 
In earlier groups vaccu111tion seemed to hllve reduced 
the incidence of infection by a bout half. Howevel', 
g roups slaughtered in 1952 .111d I 054, which liad come 
i11 to the trial i11 1948 a nJ I 0-W, show0d l i ttlc henefi t 
from tltu vaecine 1ts<'<l or from. the usr of a c·lPan r ested 
paddocl, for newl,y shorn sl1ecp. 

( u) "'l'oxaernic J rwnclice ., of Sheep.-T11is co-opera
Lire invest igat.iou has heeu coutiuned a t thr .\.• imal 
H enlth Researeh Laboratory, )[c]boun1e. Investi_ga-
1·io11 of natural outbreaks, whic,h have been fe11· during 
tl1e year, bas been c011tin11ed in co-operation with the 
rcteriuary rescarcl1 staff of t be New South Wales 
Depal'tmcnt of . \.gricmlture . Further observations have 
been made ou lossei; itt .,,hrep due to unc:om plirated 
ch 1·on ie copper poisoning and to straightfonrn.rd helio
trope poisoning. 

In add iti011, further confirmation of the increased 
susceptibility t.o chro11ic copper poison ing of sheep 
whic:11 Lave grazed on heliotrope has been obta ined, and 
tl1erc is some cvi<lenC'e that susceptibility to the haem,)
l;rtic: cri~is of chronic cvpper poisoning may also result 
from grazing on some pln.ut,: other than heliotro-pe. 
Tl10 nwestigatious hove progn:ssed along the following 
line~. 

(i) Chronic Copper Poisoning.-In tbe field ex·peri
meut at Tumbarumba, Xew South Wales, no molyb
denum. ,ras i11cluded in tbe ~uperphospLate with which 
the pnstures were top-drrs 0 e<l this year, an<l tJJe experi
ment was continued to determine t110 residual effects 
uf the previous year's molybdenum application on 
coppor storage in tl1e li\·ers of t;hc shCl'P and the 
protcctio11 proridcd by this trcatnumt agains t chronil! 
copper poil:oning. For the third sucressive year the 
season was nnfavorablo to the oecurre11ce of the disease. 
The obser vations showed, however, that the pastureti 
contained 6-8 p.p.m. of molybdenum, compared with 
0.2 p.p.m . in the co11trol, aud that while the copper 
eonceutration in the liver of the sheep grazing the 
pas tu re on tl1e coJL trol plots remainecl approximatel_y 
nnclianged during the year, ii1 the sheep grazing the 
pasture which had beeu top-dressed with superpbos
phate containu1g molybdenum at the rate of 8 oz. 
molybdenum/acre during the autumn of the previoull 
year the liver copper concentration had been reduced 
from 450 to 180 p.p.m. 

Laboratory studies of the factors influencing the 
storage of copper in the liver have been continued. 
These studies are in progress and results indicate that 
the smaller the amount of molybdenum in the diet 
the greater is the amount of sulphate required to pre
vent copper accumulation, and comrersely, the smaller 
the amount of sulphate the greater is tl1e amount of 
molybdenum r equired. 

It has been demonstrated experimen tally in cross
bred sheep that, pro\'i.(led the diet provides a certain 
minimal amount o:f inorgnnic sulphate, excessi,e in
takes of molybdenum, of the order of lO0mg/day, may 
resnlt in .fleece lcsious similar to t.hose obsen·ed under 
conditions of copper deficiency including banding of 
the Aeece in black sl1eep. 

Other experime11ts, designed to elucidate the mech~1-
nism of the action of molybdenum and inorganic 
sulphate on the conper metabolism of the sheep, have 
demonstrated that the leYel of copper in the circulating 
blood is el evated when the intake of both molybdenum 
and sulphate is high, but not whe11 eit)1er alone is at 
a high le'vel. The significance of the effects are bei11~ 
studied in ounent experiments. 



(ii) Heliotrope Poisoning.-Sufficient quantities of 
three of the alkaloids of H eliotrozJimn europaeum and 
of their N-oxidcs have now been prepared by officers of 
the Division of Industrial Chemistry to enable exten
sive studies on their toxicology an<l JJathological effects 
in small animals to be undertaken. These studies are 
proceeding. A start has been made in assaying the 
alkaloid content of the plant a.t ~everal stages of growtlt 
and of plants growin<>· un<ler different climatic condi-
tions. 

0 

(c) Sherith Rot of Wethers.-In studies in the 
Western District of "Victoria, seveuteen of twenty 
wetbers from a mob, in which two-thirds of the animab 
were exhibiting externnl ulcers nnd 1-2 per ('en t .. in ternal 
lesions of the sheath, were free of lesions aft('r grazing 
for three weeks on a cape-weed-Cryp/;osfemmci calendu
lacemn-dominan t pasture, and eighteen of another 
tweuty were free of lesions after a diet of Ml t.en cha ff 
for three ·weeks. The iucidence of sheath rot did 
not cha11ge during this period in animals which wer~ 
grazed int.he original paddock. Subsequently the tl'Clll
ments were reversed. Most of the animals in whieli 
the lesions had disappeared on the cape-weed-dominant 
p11sture or on the diet of oaten chaff, exhibited lesiom 
a.gain three weeks after they had been returned to the 
original pasture containing subterraiiean clovrr as well 
as r yegrass. In the same period the ](';ions had dis
appeared from all, or almost all, of the animals 1,hich 
had been transferred from the grnss pa!"tnrc to the cape
wced-dominant pasture or to tlte diet of onten chaff. 
The lesions had also disa ppen.red from eleven of twen Ly 
animals after they bad grazed on a crop of green onl• 
for two weeks but re-appeared aft.er further grazing 011 
this crop. 

The animals on tl1e capc-\\'t~ed-dominant pasture 
gained weight and those 011 the diot of oaten cha ff 
lost. or ba1·ely maintained weight during the period in 
which the lesions dif'appea1·ed. The uri11c of the nnimaL1 
on the cape-weed-dominant pasture 11·as signifi<:irntly 
more alkaline in reaction tLan t.he urine of the 1111imals 
on the grass pasture in ll'hicl1 the inc ideuce of lesions 
had not changed. 

(d) Foolrot in Sheep (MacJlfaster Laboralory).
The sensitivity of Fusifor111is 11otlosus to the common 
antibiotics was tcstrd. It was fo1111d that strikin,; 
results were obtained with 10 per cent. cloromycctin in 
propylene glycol 01· in methylated spirits. Penicillin 
might be equally efficient but its instability is a disad
vantage in field use. In field trials on three propertie~, 
using 10 per cent. chloromycetin in methylated spirits, 
87 per cent. of 107 affected feet were cured by one t r eat
ment and 100 per cent. by two treatments. Lower con
centrations of chloromycetin resulted in much lower 
efficiency. W ith the co-operation of the State Depar t
ments of Agriculture and the Commonwealth Depart
ment of Health, eleven trials of the efficiency of tl1is 
form of treatment were conducted on a total of 700 
affected feet. One or two t1·eat,ments resulted in the 
c-11rc of 93 per cent. of the affected feet. 

A conference on footrot, between officel'S of the 
Organization and of the State D epa rtments of Agr icul
ture, was held nt Young, New South Wales, in August. 

(e) Epididyrnilis in Ba1ns-Ovine Brncellosis.- In
Yestigatiou of this condition has been confined to the 
bacteriological examination of some cases. A confer
ence of researcl1 workers who are investigating this 
disease in the severnl States, was convened by the 
Organization in Adelaide in December. Information 
was exchanged and plans for further investigations 
were formulated. Ovinc brucellosis is not a problem 
011 which the Division is actively engaged at present. 
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18. INTEHN.AL P.ARASITES. 

(Division of Anima l Ticalth and Production.) 

(a) Anlhelmintics - (i ) l'he110lhiazine. - Further 
studies were made on the relationship between particle 
size and the anthelmintic efficiency of phenothiazine 
against fl aemonchus contort11,S, Ocsophagosfomum 
coturnbianurn, and 1'richostrongylus spn. In a series of 
trials it appeared that anthelmintic efficiency was satis
factory provided about 90 pe1· cent. of particles were Jes., 
than 30,,. in d iameter. Phenothiazine appeared to be 
less effcctiYc against Ostertagia spp. than aga inst T. 
rofobriformis. In the 'field, monthly drenching with 
phc11othiazine, in u flock in wl,ich the worm burden 
was loll', slightly reduced weiglit gains and aggravated 
pl1otoscnsi tizn tion of the cars. In wor m-free penned 
sheep drenching ll'it'h phenotliia7.ine resulted in a 
reduced appetite for some days. 

(ii) illode of Action of Phenolhiazine arid Relatet.l 
Com.zioimds.-These compound~ are being s_ynthesized 
and their chem ical and chem.ico-physical properties 
studied at the Depai·tmcnt of Chemistry, University of 
Sydney; their anthelmintic efficiency is being testcrl 
against Sypltacia spp. in mire at the 1\fc1foster Labora
tory. 

The c-omponnds which showed anthelmilltic efficienc_y 
werr: J-mcthoxypbenothiazine, 3-ethoxyphenothiazine, 
-1-,+dichlorodiphenylamine, ancl 1,8-cliliydroxyanthrn
C'J llinone. Those wl1ich failed to show more than sligl1t. 
a11t.helmintin effects were: 3-phenylphenotbiazine, ;,l
iodopl1cuothiazi11e, N -br-nzoylphenothiazine, an<l 2,4-
dinitroJiphenylamine. Efforts made to prepare p.p
<lichlorophenothinzine have not. yet met with success. 
Fnrt.l.1er t e•ts with phenothiazine of different particle 
sizes agaimt Syphacici spp. in mice have not yet yielded 
decisive results. 

(b) Resistance lo Ne'/lwlode Parnsites.-0-bservn
tions \rere continued nt Arm.idale on the effect of anthf'l
mintie treatmellt on t.l1e resistance of sheep to Tricho
sfrongyl11s spp. The observation that elimi11ation or 
re<lnction of 'Prichoslrongylus spp. infestatioill! iu 
wi>aners and lambs <lid uot significantly impair their 
ali ility to resist a fregh cha llenge infestation was con
firmed. 

A series of experiments has been conducted at the 
1\:[c:Mastcr La borntory throughont the year in an 
af:t<>mpt to elucidate tl1e rnlationships between intal{e 
of iJ1fcctive bnae of 7'. colubriformis and the de,elop 
ment of resistance by the sheep. It was shown that 
sheep which were resistant to T. colubriformis were 
susceptible to 7'. axe·i but resistant to T. vih·inii,S. Sheep 
which were resistant to T. axei were usually susceptible 
to T. colub1·iformis. The antibody response to T. axei 
commenced about one month after infestation and 
accorded with that which occurs in infestations with 
T. colubriformis. 

It appears that the intake of larvae of H . contort11s. 
T . a.xei, and Osterta,qici spp. will produce "self cure" 
of i1lfrstations with tlrn adults of each s pecies. 

( i) 1'he Effect of Infestation W'ifh T. colubriformis 
on the /Jlood Lm,e.l of Vitamin A.-Some penned lambs 
ltarbouring liea1·y infestations with T . colubrifor-mi., 
showed unnsnally low levels of vi tam in A in the blood. 
Ho\\'ever, sheep in the field infested with T . colubri
form.is showed 110 benefit from a dose of a commercial 
preparation of vitamins A and D. 

(ii) Food lntnke and Faecal Outpiif.-Observations 
on lambs kept in single pens demonstrated a close 
correlation betwee11 faecal output and food intake. 

The finding m.ay be of assistance in assessing effect~ 
of worm infestations on appetite. 

(iii) Oe~ophagostomosis and Grazing Oats.-In 
sheep grazmg on oats at the lvfoMaster Field Station 
there was a close rel ationship between the eliminatioll 
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of Oe. colurnbiamtrn and Trichitr·is ovis and a reduction 
in the pH of the faeces. This apparent relationship 
had previously been observed at the Regional P astoral 
Laboratory, .A.rmidale. Most of the worms were passed 
when the pH of the faeces had fallen to less than 6.5. 

(iv) The Control of I1'ascioliasis.- Field observa
tions on the efficiency of molluscicides were continm1d 
in the Oberon district. Copper pentachloropbenate 
applied as a 10 per cent. dust at a rate of 10-15 lb.jaci-o 
appeared to be highly efficient for tlrn destruct.ion ,if 
Simlimnaea subctqnatalis. Trials were held in co-opera
tion with tl1c 1'.fow South Wales D epartrncmt of .Agricul
ture, Timbl'ol Ltd., and Grnzcos Pty. Ltd. 

Methods are being developed to maintain S. 
snbaquatalis in colonies in the laboratory and tbu~ 
proride material for future study. 

(11) Dist·ribut·ion of Nematodes ,i,n lhe .t.llimenlar.lJ 
Canul of the Shccp.-Tho distribution of T . axei i11 the 
abomasum was studied 96 hr. after the oral adminis
tration of larvae. Lanae were located in all parts of 
the mucosa, although more were found 0 11 the outer 
edges of the spiral folds than elsewhere. It is known 
that II. contorl11s larvae invade the m11cosa 12-40 hr . 
after oral infestation. In sheep killed 25-30 hr. after 
oral infestation numerous larvae were present in the 
mucosa of the mid region of the abomasum, decreasing 
in numbers toward the pyloric and cardiac regio11s. 

It is ]mown that the parasites which inhabit the 
small intestines of sheep and rabbits tend to be located 
in the form of a normal frequency distribution. It 
was found that this also applies to worm parasites of 
ra tt le. It was shown that parasites in an abnormal 
host ( e.g. T . colnbri,forrnis in rabbits and Cooperia 
oncophora i11 sheep) also follo,1· a normal frequeucy 
distribution. The location of different genera of species 
in the intestine tends to be the same in all these a11irnals 
and hence the factors responsible for localization may 
well be similar. 

( vi) The H ,istology of lhe Ovine 11bomasa.l Jlfucosa. 
-The distribution of the peptic and parietal cells were 
mapped, but difficulty was experienced init ially in 
staining the argentaffi.n cells. Golgi's chrom-silver 
stain was used in a study of a hit herto umecognized 
type of cell in the sheep's abomasum. Attention was 
given to the incidence of the "Schollenleukozyten" or 
globule leucocyte, the significance of ,vhich is unknown. 
It was usually found in the mucous membrane of the 
abomasum or intestines of sheep which were infested 
for at least 5 weeks, but was absent in the mucosa of 
worm-free lambs. Its presence was not related to the 
immune state of the host. 

( c ) Ep·iclerniological Investigations.- During the 
past year, the dry season in N ew South Wales 1·esulte(l 
in worm burdens being generally very light. In the 
Y ass distr ict, sheep drenched monthly with pheno
thiazine had lighter infestations than control sheep, 
but did not gain more weight. In one of t he trials 10 
~heep were selected each month and their resistance 
was tested by ad.ministering T. col1tbrifonnis larvae. 
The sheep were highly susceptible in J :rnua1·y a11d 
Febrnary but le~s so in Marcl1. 

At Deniliquin, observations were made on worm cgp; 
counts, worm counts, and body weights of autumn 1953 
drop lambs. Lambs on irrigated pastures gained 
weight steadily from the end of June, 1953, to t he 
middle of J anuary, 1954, but at a l ower rate than those 
grazing non-irrigated native past ures. The lambs on 
native pasture gained steadily until mid-November 
but thereafter very slowly up to shearing at the end of 
February. There was a difference of 5.0 kg. between 
tl1e average weight of the groups at the end of N ovcm
ber and 2.6 kg. in F ebruary. The lambs on irrigated 
pastures cut an average of 6.95 lb. wool and those on 
native pastures 7.2 lb. 

v\7 orm infestation increased from July and declined 
froru the end of November. In the lambs on irrigated 
pastul'cs the egg counts reached 1800-2000 per g . of 
faeces in early September, whereas those from the 
sheep on natural pastures never exceeded 500-600. . The 
early increase in faecal count was due to Tricho
sirongylus spp. and N ema.todirus spp. whereas 
Oslr:!rfagia spp. and T . axei reached their maximum 
clo,elopment in November. 

Obscrvati011s on ewes in T asmania showed increases 
in worm burdens during the l ambing period in the 
iipring mouths. This resulted in a fourfold increase 
in the daily contamination rate of pastures and 
Prnphasized the need for tr·eating the ewes prior to 
lambing. The faecal egg counts and the worm infesta
t ion of spring l ambs at the Cressy E xpe1·iment Farm 
renched their peak in mid D ecember :md then declined 
in early January. At this time the lambs were weaned 
anrl worm egg counts increased rapidly. These trends 
were a lso shown by Jambs in other epidemiology triala 
in Tasmania a11d indicate the need for treatment about 
the end of January. Each mouth five lambs or weaners 
1rnre given a dose of 50,000 T . colubriformis larvae. 
No resist:rnce was apparent during October and Novem
ber, bnt some what lighter infestati ons resulted in 
December. However, in January and February the 
test shrep appeared to be fully susceptible. 

The epidemiological studies were continued in 
Western Austrnlia and an additional trial was com
menced at Bridgetown. Heavy rain in the autumn of 
1 %3 was probably responsible for infestations in the 
spl'ing being up to 10 times greater than at the same 
time in the previo11s year. In the t rial at Beverley a 
group of sheep drenched four times with pbenothiazine 
cut an average of 1.4 lb. more wool than tbe controls. 
In another t rial there was only a slight difference in 
ll"OOl weights but 70 per cent. of the control -fleeces 
Hhowed a "break". Tho outstanding featur es of these 
trials were high infestations with H . contortus at 
Bejoording in spring and midsummer heavy infesta
tions with Trichostrongylus spp. in early summer at 
Kojonup and Oranbrook, and the early increase of 
rlwbertia ovina in midsummer at Cranbrook. 

Studies on t he seasonal changes of infestations with 
N ematodirus spp. ,vere carried out in the Northern 
Ta hlclands of New South Wales. P eak infestations 
were readied in August-September and in J anuary, 
February. and March, with pronounced troughs in 
October-November and April-May. On seven proper
Lir.s in Western .Australia, the peaks were reached in 
September-November nnd F ebruary-March, with 
troughs in the early summer months and in the 
autumn. 

Tho investigations at .A.rmidale in which the :fluctua
tions and levels of worm burden in sheep grazing sown 
and native pasture were compared have been concluded 
by a series of post-mortem examinations of sheep from 
each irroup. These autopsies l1ave confirmed the hi?;h 
len•l of Oesophagostom1im colmnbiam,um infestation in 
s l1C'Cl) gra:r.ing native pasture. The number of nodule,; 
in tbe ho,1·el wall was also considerably greater. H ow
ever , when sheep from the sown pasture group were 
clrenC'hed wit11 infective Oe. columbianum larvae they 
del'elopecl many nodules. Observations are being con
tinued. 

Complementary studies of the factors which, under 
fi eld conditions, are associat ed with the lower worm 
bmden of sheep grazing sown pastme are continuinp:. 
with par ticular reference to the level of nutrition and 
the availabil ity and le,el of intake of infective larvae. 

In association with the studies on the ecology of 
parasitic larvae, worm-free lambs were nsed to obtain a 
f]U111itative measure of the larvae available on sown an<l 
native pastures. This information is also being 
correlated with the epidemiological observations. 
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Observations have also been made on the effect of the 
level of nutrition and •of an existing adult population of 
Oe. col1imbianum on the emergence and establishment 
of fourth stage larvae. 

( d) Bionomics of F'ree-li-ving Stages of Nematodes 
of Sheep.-Studies 0 11 the ecology of nematode larvae 
h1n·c been ,continued at the Regional Pastoral Labora
tory, Arm id ale, New South Wales, by an Ian McMaster 
Scholar. 

The temperature and moisture requirements of the 
free-living stages of JI aemonch11s contort·us, Oesopha
gosto11uim colmnbicinnm, 'l'richostrongylus spp., and 
lv'ernatoclirug spp. have been examined experimentally. 
Temperatures are suitable for the development of 
infectirn larrne of II. conlorl11s an<l Oe. colii.mbicinum 
on p11sture in .New England from October to April, 
but during the remainder of the year eggs do not remain 
viable. Large numbers of infective l arvae only develop 
when the pellets are continuously moist, and this is 
governed by the distribution and amount of rainfall, 
r.raporntinn, and density of pasture co-rer. The lower 
tt'mperatnres at which '1.'richostrongylus larvae develop, 
tog<'thcr witl1 the extreme resistance of the embryonated 
egg to desiccation, results in the accumulation of viable 
eggs dttri.ng a dry autumn period and in mass hatching 
in .the Into autumn and early winter in N cw England. 

( e) Parasite Survcy.-From a large number of 
autopsies 011 sheep carried out at Armidale, no new 
species of parasite has bee11 recorded but Tricho
slrongyhcs axei has been found to occur commonly and 
often in large numbers. 

From the survey of parasites of foxes the occurrence 
of the cold climate hookworm Uncinaria stenocephala 
and the rom1clworm To.'Cocara canis are recorded. 

(i) Parasite Physiology and T oxicology.-Resear<:h 
on tho biological activity of complex ions was con
tinued in collaboration wi th t he Chemistry Department 
of the University of Sydney. 

Earlier experiments showed that the cationic com
plexes were reversible competitive inhibitors of acetyl
choline esterase ( Ach E), whereas the uncharged com
JJlexes were without action. It was decided to investi
gate further the effect of charge on the inhibition of 
Ach E . The charge and charge distribution on the 
complexes is determined by the electronegativity of the 
central metal atom, by the electrophyllic properties of 
the ligands, and by the size of the whole cation. There
fore, by altering any one of these factors, complexes 
with different peripheral charges can be contri ved. The 
i<leal substances to in\·estigate the charge-dependence of 
inhibition would be a series of complexes in which 
the members differed from each other only in a single 
property, but this can only be approximated. 

The first group tested consisted of Co complexes 
carrying three, two, one, and no positive charges. The 
zero charge had no effect, but otherwise this series did 
not give much additional information. 

Tl1e second group consisted of Ru(o-phen)3 
(010.1)2 complexes, having at the five-position on the 
phenanthroline differe;1t clec~ron-attracting or -repel
ling groups. Here agam the sizes of the members vary. 

The third group consisted of three series, viz. 
M.e(phenanthroline )s(ClO,1)2, l\fo( dipyridyl)n(OIO,1 )2, 
and Me(terpyridyl)2(0IO.1h 

The members of these series contained only different 
central metal atoms, the rest of the ions being identical. 
Therefore the cbarge on these cations varied from one 
member to the other only in accordance with the 
different electron negativities of the central metal 
atoms and with the difference in the sizes of the metal 
atoms: which is negligible. 

The results with these last two groups showed that 
the inJ1ibition caused by the complex cations depended 
on their charge; the greater the positive charge on the 
surface, the stronger the inhibition of the enzyme. 
Among the 30 complex ions tested there were three 
wh ose action was not quite as expected. Solubility 
measurements arc being made in an effort to disclose 
the reason for this. 

The toxicity of the compounds was tested by LD50 
determinations on mice and showed the same trend as 
their enzyme-inhibiting activity. These experiments 
were done with racemate forms of the complexes. 

Tlie experiments with 10~Ru ( o-phen )a ( 0104)2 were 
continued. It was found that the difference in the 
toxicities of the cl- and l-forms after intraperitoneal in
jections was caused by their different ability to per
meate tissues. The d-form was foimd in higher con
centrations both in serum and urine. 

Experiments with intraperitoneal injections of d
and l- forms of 104Ru(o-phen)3 (0104)2 _were done. It 
was found that the bulk of the ii1jected material was 
ex-creted unchanged within a short time in the urine. 
A part from blood and urine only kidney, liYer, and 
pancreas contained significant amounts of the complex. 

It was found earlier in toxicity experiments that a 
non-lethal amount of the less toxic l-form of a complex 
rendered a subsequent lethal close of the d-form 
ineffective. This experiment was repeated by injecting 
intra-peritoneally the non-radioactive Z-form prior to 
the radioactive d-form, and the appearance of the 
radioactive material in the blood stream was followed. 
Even at different dose rates lower levels of d-forms 
were found in the blood stream than in the control 
animals which received the same amount of d-form 
only. It was concluded that the Z-form of the complex 
inhibited the penetration of the d-form. 

It was found previously that after the intraperitoneal 
injection of different charged complexes the urine of 
the animals contaiiied considerable amounts of reducing 
substances. On examining the behaviour of blood 
glucose levels after the injection, a curve was obtained 
which was identical with the blood glucose behaviour 
after CoOl2 injection . It is generally believed that 
OoCh causes rise of blood glucose by exciting the 
a-cells of the pancreas. These cells disappear 24-48 
lJQms after CoOl~ injection. The results indicated that 
both CoC:h and the complexes tested can elicit a 
rise in blood glucose levels at a time when a-calls are 
no longer demonstratable and that the a-cells disappear 
after CoO12 injection, but not aftel' the injection of 
the complexes. Injection of OoOb togethe1· with 
different amino acids did not inhibit the glucose 
response but two of them, methionine and histidine, 
prevented the damage to a-cells. It was concluded that 
the glucose response is not directly related co dis
appearance of a-cells, which is merely coincidental. 

19. EXTERNAL PA.R,\.SITES. 

(Division of Animal Health and Production.) 
(a) Ecology of Ectopa.rasites.-Damalinia ovis has 

been studied chiefly, with particular reference to the 
effect of temperature on its ecology. It was shown 
that the distribution of eggs of D. ovis in the fleece 
was determined by the temperature prevailing within 
the fleece. Lice placed on glass wool and exposed to 
a temperature gradient laid their eggs between 39° 
and 36° 0., which coincides with the range existing 
in the fleece. Lice migrate to the warmer region 
suddenly about 45 min. before oviposition. .At 'first 
the louse places its l1ead in the warmer region but. 
reverses its position 5 min. before oviposition and 
pla,ces the posterior tip of the abdomen in the warme1· 
region. Oviposition occupies some 30 sec., after which 
the louse returns to the cooler area. Linognathus 
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i;lenopsis behaved similarly in a goat. When the tem
pernture was equalized throughou t a fieece, D. ovis 
oviposited along the whole length of the wool :fibre. 

lr'urtl1tor observations confirmed that the preferred 
site of Linognalh11s ovilli1s is the face. It spreads from 
this area over the ventral aspect of the neck itlld is 
brushed on the body. Complete -control of this pnrasite 
was obtained in a trial with l)enzene hexachloride at 
the concentration em ployed for the control of D. ovis. 

Studies on the life cycle of Psorer,qates ovis were con
tinued and, although the previously reported findings 
were confirmed, it has not yet been possible to deter• 
mine the exact length of the life cycle. 

20. Pno T ECTIO.N AGAINS'l' BLOWFLY STnmE. 
(DiYision of Animal Health and Production.) 

In vcst iga tions have continued at Y eerongpilly, m 
co-opera tion with the Queensland Depa~·tmen_t of 
Agr iculture and Stock, on the value of vanous m~cc
ticides applied to the ficece to protect sheep agamst 
sheep blowflies, and l1ave been extended to inclmla 
systematic administration of insecticides. 

(a) Body S trilce.- The protection given by spraying 
or jetting DDT, BIIC, ald~·in, dield(·u1, a~c~ malatbon 
,~·as determined by applyrng the msec t1c1de to the 
dorsal areas and then exposing the treated animals to 
a heavy popula tion of gravid Lncilia cuprina in an 
i11sectary with indolc plugs i11serted into the fiecce aq 
an a t tractant . The an ti-larva 1 protection was tested 
by placing newly hatched maggots _of t~is blowfly on 
the skin of the treated a reas at van ous mtervals after 
treat ment. 

Tt was quickly detel'miued that jetting gave ~ignifi
cantly greater protec·tion against both adults and l arvae 
than spraying. As an anti-adult insecticide DI?T 
(I per cent. ) proYed more ln sting than BHC, aldnn, 
or cl ieldrin (0.25 per cent. active ingredient). Further 
t ests of the anti-adult properties of BIIO, aldriu, 
clielchin, and malatho11, at 0.25 and 0.1 per cent. active 
u1grodients, sh owed that BHC at the higher concentra
tion gaYe considerable protection at five weeks, whereas 
with the other imecticides protection at this period 
" ·as poor . Aga i11st larvae, in one trial oldrin (0.2ii 
per cent.) gave good protection for 23 weeks, dieldrin 
(0.25 per cent.) for seventeen weeks, BRO (0.:l5 per 
cent. gamma isomer) for eighteen weeks, and DDT 
(1 per cent.) for only eight weeks. Another trial 
~-hich included mala thon (0.05-0.25 pe1· cent.) showed 
this insecticide to be much less effective than BRO, 
aldrin, and dieldrin at similar concentrations. Tn 
this trial BHC was less effective than aldrin and 
dieldrin, which were about equal, giving 17-18 weeks' 
protection a t a concentr ation of 0.25 per cent. Field 
trials were canied out with aldrin, dieldrin, and BHC, 
bnt unfortunately flies remained ina-ctive. 

(b) Head 8 tri1.:e in Rams.- A field tr ial was carried 
ont with 1 per cont. dieldl'ill jetted into the area at the 
hase of the horns. T'UJ'ing the e1even weeks after treat
ment, twehc strikes had occurred in 111 control rams, 
,\·herefls none of the 568 treated rams had been struck. 

(c) T1·eafmen t of Strilce.-Prelimi1rnry_ ob_servat~om, 
haYe been made on the treatm ent of artrficial stnkos 
by jetting the strnck area and surroundiug wool with 
a ldrin, dieldr iu ( 0.05-0.2 per cent.) , and BHO ( 0.05-
0.2 per cent. o-amma isomer) . In all instances the 
strnck areas w;re free of maggots within 24 hours of 
treatment, healed quickly, and at the highest concen
trations remained resistant to implants of larvfle fo;· 
np to thirteen weeks. 

(d) Systematic Ad-ministration of Insecticides.-In 
prelimu1ary work nldrin in peanut oil was administered 
subcutaneousl.v to guinea-pigs and sbeep. At intervals 

after adminis tration, the blood was tested by a bioas~ay 
method against newly hatched maggots of L. cuprina. 

Blood from guinea-pigs 2 hr. after dose rat~s of 
up to 20 mg./kg. of body weight was n?n-toxw to 
mno-got s, but when the dose rate was ra1sed to 35 
mg./ kg. body weight none of the maggots survived. 

Two sl1ecp remained unidfected at dose rates of 50 
nud J.00 rng./kg. body weight and their blood at 
intervals of 2, 4, 6, and 24 hr. after treatment was not 
toxic to maggots. T hese investigations are proceeding. 

21. Onrnn I N VESTIGATIONS. 

(Division of .A.nimal Health and Production.) 
(a) Neo-natal Mortality in Lambs.-At Armidale 

in 1951, ewes of several .J\forino strain.s, mated and 
lambed 11n<ler pen conditions, reared a higher percent
age of lambs than station ewes mated and lambecl 
under paddock conditions. Under pen conditions there 
was a higher percentage of ewes lambing and a lower 
dra tu-rate in the lambs. 

A study was commenced of the effects of different 
husbandry practices a t mating and lambing on the 
percentnges of the ewes lambing as well as _on lamb 
mortality. 1 ferino ewes of nll ages were used. The 
hu3bandry practices were described in the last Report. 
I n 1()(,3, these observations wer e continued and an 
" 1rnatteudcd " paddock system was also included. In 
this system attention was restricted to cast ewes and 
ewes un able to lamb. 

There was au average mortality over all treatments 
of 14 per cent. The greatest loss occurred within the 
first three days of life and only a small proportion 
had suckled before death. 

:Mortality in lambs ranged from 9 per cent. in the 
grou p lambed later off shears, and 10 per cent. in the 
group lam bed later in the wool, to 11 per cent. in 
the modified paddock system, 12 per cent. in the pen 
Jambings, and 1S and 20 per cent. in station paddock 
"attended" and "unattended " systems respectively. 

(b) Prod11clion of Native Pastu.res 1tsed in Oonjunc
fion with Sown Pastures.-In co-operation with tho 
D ivision of P lant Industry (see Chapter III., Section 
18), a study is being made of the animal and pasture
p1·oduction from land unit.s composed of increasi11g 
proportions of sow11 pasture (3.9, 15.5, 30.8, and 57.1 
per cent.) , usu1g a composite flock of breeding ewes, 
weaners, and wethers. In the first year, 1953, animal 
and pasture production increased in relation to thll 
amoant of sown pasture available. The liveweight 
gain of 42 lb. and wool production of 20 lb.jacre 
where 57.1 per cent. of sown pasture was available 
was more· than double the production with onl_y 3.9 
per cent. sown pasture. 

VIII. CATTLE. 
1. GENER.\T,, 

~roducts of the cattle industry-meat, hides, and 
dairy produce-represent over 20 per cent. of all Aus
tralian r ural prodnction. With tl1e rapid increase in 
the population. of D. ustralia in the post-war pel'iorl. 
bo!llC cons nmpt1~11 of food commodities is outstripping 
pr1m11ry p l'oduct1on. If Australia i s to maintau1 both 
i ts own food standards and an export of meat and dairy 
products ~n the pre-war level, resrarch mnst find the 
me-ans to m rrease the entire cattle industry. 

Rroadly, the approach of the 01•0-anization to the 
p1·oblem of the cattle industry compri~es :-

( i ) A survey of the structure an<l il1terrelutious of 
the various sections of the beef cattle indus
t ry throughout Australia. 

(ii) Studies designed to eliminate wasta!tC and los~ 
from disease in both beef and dai ry rattle. 
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(iii) The exploitation of potentialities for im prov
ing nutrition by tho dernlopmt•nt of S0\\'11 
pastures; scientific understand iHg of the 
characteristics and management of naturnl 
pasture and study of the possib ility of intro
ducing desirable exotic species i11to nat11r11l 
pastures. 

( i,·) The de\'elopment of systems of brredin,!! 
dcJ::igne<l to e\'Ohe more pro<luctin• heef nnrl 
dniry types for no1·th :.\ os::tralinn conrl itio11•. 

The Organia:t.tion's wo1·k on cattle p rol •lc111s ha~~ hcc•n 
l'anied 011t rhicfly by the Di\'isiou of . \ 11 iwal lfrnlth 
and P1·oduction, mainly in the Anin,al ll<'nlth Laliorn
ror.'I' in .\folbourne, the Rational Cnttlr1 H1wd ;,,. 
Station nt "Belmont", nem· Ro,•ldrnmpton, Q11e<'u~land, 
11ud tho V etcrinn ry Pnrasi tolog-,y Laborntor.v in B1·is
h:me. Qncen,danJ ( see Sections 2, ~. :3, G, :rnd 7 (b) of 
this Chapter) . Thr. Di\'ision of .lintomology has bern 
COll('erned with ,,·ork on tlie ('Ottlc tiC'k c~('(' Section -1 
of this Ohaptm·) . The work of the D ivision of Plant 
J ndustry on pastlll'<'S is also of great importance to tho 
r-attle induc;t ry ( sec ('Jiupter J I I.). The work of the 
.\nimal Oc•nPtics S<'ction on b<'cf C'attlc i.- desc·ribed in 
8er-tion 7 (a) of this Chapter. 

2. 0ATTLE D rSJ.-:ASES. 

(Divisiou of .Aniu1al Hcnlth aud Production.) 

(a) Plcurozmewmo11io, of Oa/l/e.-Furthcr work has 
confirmed tl1e e:1 rlic1· fiudi ng that attempts at 
raccinnting very young cnlves are likely to lend 
to losses associntC>d with pai11ful joint infections 
nud n1lv11for le-;ions in 1llC' heart. These com
plications nrc directly related to the age at 
\\'hich fail vaccination is c·al'l'ied out. Of !'!2 
l'al ves vac,r· i natc<l when SC\'en dnys old, thi r tccn ( 41 
per rPnt.) de\'rlQpcd swollen joints ( cnrpal and/ or 
tar,;nl), _1111d fou; ( It per crnt.) speriflc Yalvulitis; of 
:.lO ,·a1·c111a tC'd \\'ucn 20 to 30 days old, eight (27 per 
<·cnt. ) dcl'eloprd ,:wollcu joints irnd t\l'o (7 per cent.) 
heart lc~io11s; of 30 vncrinatcd \\'l ien -l:O to GO days old, 
one (3 pcl' cent.) <lenilopcd .,wollc11 joints and 11011•· 
heart lesions; and of 30 ,·aecinatcd when fi,·e to i:even 
months old, no11e developed swollen joints or heart 
lcsi~ns. 'l'.hc ,·accinnted groups are yet to be tpstcd 
for lIDll1UllJty. 

The first recorded instance of tonsillar infection 
\\'ith tlw plcuropneumonia organism oceurrcd in tht
motber of one of the cah·es vnecinated scren d:1vs after 
birth. The mother deYeloped a positi,·e conq;lemcnt,
fixatiou reactiou eleven days later, but 110 other signs 
of infection. .At autoosy no abnormalities were found . 
The organism was reeoYered from both tonsils but 
from no other si te. This experience suggests that ton
sillar infection may be a cause of no-lesion comple
ment-fixation reactions, 01· of transien t reactions which 
!un-e been observed during an epidemic. Much atten
tion is being gi,·en to a study of the nutritional require
ments of tl1e cansal organism. in particula r to the 
11uture of tlie serum fnctor or factors. Indications 
are that scrum supplies substances other than cholesterol. 

.l film clt'aling with tlrn problem of pleuropneumonia 
in .\ ustralia, and with the contributions made by the 
Organizntion, was prepared by the Film Unit with tl1c 
n.•!'istancc of t.l1e i\ nirnal H eal th L aboratory, :Mel• 
hourllf'. The film is <lE'signed fo1· the nse of research 
workers and disease control a11thorities, and has been 
well recei,•ed by them. 

]1ming the year 400,450 doses of vaccine wer e dis
trihutr<l. S nffit'ient complement-fixing antigen was 
supplied without charge to laboratorie.• within Aus
tra Jin to t<'i-t 42,200 animals, and abroad (Kenya, Spain 
Japan) to test 15,700 animals. In addition sufficient 
c·oncentratcd stained antigen was supplied to Queens
land to test 3,000 animals by the rapid whole-blood 
~l ide agglutination test. 

(b) M astitis in Dairy Oaltle.-Further therapeutic 
I rials with antibiotics were canied out against staphy
lococcal mastitis, using the same criterion of bacterio
lc,girnl <'Ure refoned to iu earlier Reports. The agent!! 
in ,e~tigatccl W<'l'P chloromycctin, penicillin combined 
with the surfactant "Mauoxol ", and penicillin com
bin<'d with hyaluronidase; but irJ no case was the infoc
tinn Pliminatc<l from any of the quarters. Work has 
bt'en <'aniecl out on the correlation of laborntory tests 
(congula~e, hacmolysin phosphatase) with pathogeni<'ity 
or sta pliylococci. 

( r) Brucellosis in Goltle.-In Australia and else
,, ht-1·e hMvy e<'onomic lo:<ses due to abortion ha,e been 
c·onsirlcrably r educed by protective vaccination with 
Hrucrlln (1/Jortus, strain 19-11 method that was first 
introdured in the United Stutes of l\.merica. Jn 
e:,rlic•r iin-estigations of the degree and duration of the 
prot<'ction afforded vaccinated cattle, the results of 
rxpcriments performed at the Animal Health Labora
lory, Melbourne, agreed with those of workers overseas 
a.0 to the high degree of resistance to abortion but 
rliffrred in revealing n high infection rate in those cattle 
"·hich did not abort. In the .Australian experiments 
brger groups of cattle were used than in o,erst'as 
work and further tests abroad have now confirmed tl11J 
. \ ustr~ 1 inn results. 

The fin<lings of p1·e,•ious years on thP duration of 
immunity under scYere aud repeated rhalleng:e indi
rnted tl1nt the grrnt majority of cows which completely 
l'<'sist<'Cl in fection at the first challenge continued to 
do ,o when th<'ir immunity wac; challen!!<'<l in subse
'lnent y<'ars. The tests ha.e bt'en continu<'d for another 
yenr. Ench of t,vo groups of about 20 animals had 
rrachcrl t.l1r fi fth year aft.er rnlfhood YR<'<'ination but 
onr gro1q, har/ bren rernccinat<'cl with strain 19, three 
,vPa r" aft rr calfhood varcination. Together v:ith n 
third, or rontrol. ~ronp of ,cerenteen animals, the 
,·ac:•iuatNI gronps ,,·e1·e snbjerted to th<' hnzar<l of infec
t ion u11dc01· condit;ions closrly simulating those i'n the 
fie ld. The infection rate in the control gronp WRS 7G 
pc,r ct'nt. aud the abortion rote 53 per cent .. wberea~ tho 
infrc·tion rr.te wns zr1·0 in the onre-Ynccinated group 
nnd -1:.8 per cent. in the twice-vnceinate<l, with no rncc·i-
1rn tecl en ttlc aborting. Tl1c difference between tlie 
Yacrinat('d gronps was not stntisticall.v significant and 
the cumulative results of t<'sts on the duration of 
immunity indicate a very useful resistance. continuing 
mto t.11<' fifth year after ral fhood TaC'cination with no 
nrh-aut11ge evident as a re1;111t of re,accination. Teqts 
are being continued. Thes e field tests have supplied 
rnluable material for importaut academic studies on 
Br. aborfus and its pathogenicity. 

( d) If aem,aturia Vesticalis of Cattle.-The work 
referred to in the previous Report was continued; 
tissues from the surviving mice have been prepared for 
examinntion. Another i:mall area in which the disea<Je 
is said to have been endemic for up to twenty years 
rarne 11ncler notice nncl ,Yas yisite.d . It is of particulnr 
intere5t lw,.ause, unlike haemat11ria area-; preriouslv 
dsitC'd in Victoria and South Australia, there was n~ 
l'nggcstion of earlier \'Olranic action; indeed, the general 
~C'o~raphy was very similar to that describr<l for affected 
art'as in Germany and Transylvania . The area was 
,:urYe,rcd by scintillograph by the V'iC'torian )fines 
DPpartment, but tbe le,el of gamma radiation was not 
a bovc normal. 

(e) Tnferlilit:IJ -in Dairy Cows.-An outbreak of an 
ac·ute and readily transmissible vaginitis ha., been 
in,estigatt'd. It has not been transmitted by filtrates, 
bnt none of the demonstrable bactrria isolated is able 
to r eproduce tho disease. Treatment of infecti\'P 
ma tcr1al with antibiotics, in an attempt to characterizt' 
the causal agent, has given u-rt'gular results. 



3. INTERNAT, PARASITES. 

(Division of Animal Health and Production.) 

'l'he following investigations have been carried out 
by the staff of the Veterinary Parasitology Laboratory, 
Queensland. 

(a) Epidemiology of Parasilis Gasl?-o-enlerilis of 
Ca,ttle.-(i) Seasonal Trencls in H elminth Population~. 
- Observations h ave been continued on herds at 
Dayboro and Goodna, Queensland. The trends given 
by the egg counts for the various species of helminths 
present have remained similar to those previously 
reported. 

Two licl'Cls in Victoria have been brought into the 
experiment, and assistance was p rovided to the Depart
ment of Agriculture in Western Australia for similar 
1r•)l'k in that State. One of the herds in Victoria com
prised a number of identical twins but the egg co1mts 
liare been too light in this herd to permit of any con
clusions. In the second herd in Victoria larvae of 
Haemonclws contort11s, Triclwstrongylus axei, Oste1·
tagia oslertagi, B1mosto11wm JJhlebotomum, Gooperia 
oncophora, G.punctata, and Oesophagostomum 
1·ndiat?tm1 were recognized, but only those of G.onco
phora, T . axei, and 0. osteragi were abundant. In the 
first year's study, C.011cophora gave its maximum 
faecal eg.g counts in J uly to early November, 0 . oster
lagi in August to November, and T . axei in October to 
early January. The counts of all three species then 
declined to a low level at which they have remained. 
All the calves also became infested with M oniezia sp. 
(Jll. benedeni), but the infestations were in general only 
short-lived. 

(ii) Ilost Reactions to Infestation with Haemonchus 
contorius.-Studies are being made to determine the 
factors rcsponsbile for outbreaks of haemonchosi.,. 
Observations on natural populations of this species have 
shown that when calves are first exposed to infestation 
the populations build up, either rnpidly or gradually, 
to a maximum which is usually of comparatively short 
duration and is followed by a conspicuous and fre
quently rapid decrease to a low level at which the 
populat ions remain. In such animals t he egg count.s 
may reach a maximum of 4,000 eggs or more per g. 
of faeces but because this heavy infestation has such 
a brief duration, clinical signs of haemonchosis are not 
obvious. Under certain conditions, however, the 
resistance r eaction fails to operate, high populations 
are maintained, and haemonchosis becomes evident. 
It has been suggested that these conditions are brought 
about by cxposurn to very large numbers of infective? 
larrac nr by inadequate uutrition, or possibly by both 
factors, and the m atter is being investigated accordingly. 

It has been found that worm-free animals when given 
a singl<i dose of larvae maintain the period of maximum 
egg pl'Oduction for a few weeks at most, after which 
the count drops to a low figure. Animals given con
tinuous large doses of larvae, up to 10,000 per day, 
react .somewhat similarly. One group of animals, given 
100 laryae per day, ga\·e a more persistent population, 
bu t the egg count did not increase beyond a moderate 
figure. Other animals were given spaced doses but 
reacted similarly . The " self cure" phenomenon 
reported with H . contortus in sheep has also been seen 
in calves. All animals given more than one dose of 
larvae were eventually tested for r esistance witl1 test 
dosrs of 150,000 to 200,000 larvae and were then 
killed and examined. Evidence of a strong r esistm1ce 
was shown by practically all animals and was denoted 
by the presence of none or only a few adult worms and 
by the delayed development of the test infestations. 
i,_ fter 56 da,ys, worms of the test infestations were still 
in the fourth stage. 

These animals were also tested weekly for antibodies, 
but only in one was the presence of antibodies detected . 
Tl1e animals discussed above were all fe<l lucerne chaff, 
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wJ1ich has given good growth rates. The work . will 
be repeated with animals on a diet of lower nutritional 
value. 

(u) Faecal Examination as a :Measure of H elminth 
I nfesfation.-The r esults of studies on the relationship 
of li,ewcight , age, and faecal output to enable more 
accurate interpretations of faecal egg counts to be 
made have already been r eported. Investigations have 
also been undertaken to determine whether corrective 
factors for faecal consistency would be of any value. Ou 
a dry matter basis, factors of 1.25 and 1.75 were 
obtained for soft and diarrhoeic faeces r espectively. 
It was found, however, that the dry matter output for 
a 24-hr. period showed considerable variation. It was 
also observed that egg counts from hour to hour and 
from day t o day for a11y g iven population of wor ms 
wel'e also Tery variable, and that corrections for faecal 
consistei1cy had little influence on these variations. It 
was conclncled that variations from other causes were so 
much gl'catc-r than that from faecal consistency as to 
make faeca l consistency corrections of little value. 

(c ) Amphistomes.-Work on the pathology of 
:nnpl1istorne infestation in cattle has been held in 
abeyance as the officer responsible for these studies is 
abi·o:.id. Studies on tl1e taxonomy of this group of 
t rematodes are being continued. 

(d) Worm Nodnles (Onehocerca gibsoni) .- I n 
Queensland, cattle are infested with two, if not three, 
species of Onchocerca, namely, 0 . gibsoni which occurs 
in nodules mainly in the brisket area, 0. guttiirosa 
which occm-s in the connective tissue of the ligamentum 
nuchae and of the r egion of the subscapula1· cartilage 
an<l elsewhere in the body, and 0. fasciata in t he 
gastrosplenic ligament. Studies on the life history of 
0 . _qibsoni arc complicated b_y the fact that the micro
-filariac of two, if not all three, species occur in the 
skin. B efore these studies could be continued, therefore, 
i( was necessary to determine whether the larvae of 
these species could be distinguished morphologically and 
if so, whether there migllt be any difference in their 
distribution in the skin of various parts of the body. 
To date the larvae of 0 . gibsoni and 0. guttu.rosa have 
been studied but examinations based on the number, 
size, and distribution of the cephalic and caudal nuclei 
and on body measurements lrnve not revealed any 
ronstant difference between them. 

( e) Bionomics of Infective Larvae of Gastro
intest-inal Nematodes.-(i) Technique for Recovery of 
Infective Larvae from Soil and Pasttire.-Before com
mencing studies on the ecology of the pre-parasitic 
stages of the strongyle nematodes of · cattle it was 
necessary to develop a satisfactory technique for 
recoYcrinp: infective larvae from soil and pasture. An 
investigation of Baermaun's technique and its modi£ca
t ions confirmed r eports from other workers that they 
were unreliable and could not be used for quantitative 
studies. A method was, however, eventually developed 
which permitted a recovery of 70 per cent. or more of 
the lar vae and was effective with both l arge and small 
numbers of larvae. 

(ii) Behciv·iom· of Lar vae on Experimental Plots.
Dung pads containing eggs of several species of 
strongyle were exposed on grass plots. The soil and 
grass were examined at frequent intervals to determine 
tlie movements of the larvae and their longevity. It 
would nppear that infective larvae may migrate down
wards into the soil beneath the pad and they have been 
i·cco,ered at deptl1s up to 2½ inches. They have also 
been found on grass 6 inch from tbe edges of the pad 
:.ind sometimes up to 12 inches. 

Data on the longevity of infective larvae indicate 
that few Haemonch11s contortus larvae survive more 
than four and a half months, whereas many infectfre 
lnrvae of Gooperia spp. (0. p1incta.ta a11d 0 . pectinata ) 
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may still be present on the grass around the dung pad 
after £.ve months. These are preliminary observations 
and the studies will be contillued aud intensified. 

(iii) Observations on Larvae on Natural Pa.sture.
Pasture samples are being examined at weekly intervals 
from a calf pasture at Goodna. Observations were 
commenced in February and each sample bas so far been 
dominated by the larvae of Gooperia spp., which have 
constituted up to 90 per cent. of the larvae Tecovered. 
H . contortiis has recently shown evidence of an increase 
from 1 to 10 per cent. of the l arvae recovered. 

The total counts of larvae rose from 520 per lb. of 
pasture in Febr uary to 1,500 per lb. at the end of May. 
At the end of March, which was an extremely dry 
month, the count was only 250 per lb. 

(f) Anthelmintic Trials.-Two field trials are in 
pi:ogress in which animals are being treated monthly 
with phenothiazine or with tetrachloroethylene. Weekly 
body weights are taken. 

In the phenothiazine t rial, groups are being given 
0.2 g./ lb. body weight from about one to two months 
old. 1'.he treatment has proved very effective in 
controlling Haem·onchits and Oeseo7Jhagosto1mmi, but as 
would be expected h as had little influence on the 
populations of Bunostomwn and Gooperia. Infesta
tions with Trichostrongylus and Ostertagia have been 
~oo _lig~t to permit any ~onclusion. As yet there is no 
m<l1cation from body weight records that animals have 
benefited from treatment. 

Tetrachloroethylene has been given at dose r ates up 
to 10 c.c./80 lb. bod,v weight in equal parts of liquid 
paraffin, an~ im~ediately preceded b,y 60 c.c. of 10 
per cent. so<lrnm bicarbonate to stimulate closure of tlrn 
oesophageal groove and ensure direct passage of the 
drug to the_ abomasum. This drug bas given excellent 
results ngamst H aemonclrns at dose rates as low as 
7.5 c.c./80 lb. body weight, but even at 10 c.c./80 lb. 
was _ineffecti~,e ~gaiust ~unostomun~ and at most only 
par!ially effective agamst Goopen a. From results 
agarnst H acmm~chi1s, ~timul~tion of tlrn oesophageal 
g roove reflex with so<lmm bicarbonate was successful 
in about 80 per cent. of the calves. In this t rial also 
treatment has not affected body weight. 

(.q) Bloocl .Minerals of P arasitized Oalves.-Pre
liminary work has consisted of the determination of 
norm~l _values for blood minerals in worm-free or lightly 
paras1t1zed stall-fed calves. In 50 calves so far 
examined, serum calcium values were from 9.0 to 13.5 
mg. per cent. (mean 11.3 mg. per cent.) , serum phos
phorus values from 5.5 to !l.3 mg. per cent. (mean 7.4 
mg. per cent.) , and values for mean corpuscuJar 
haemoglobin concentration from 29.0 to 35.0 per cent. 
The younger cal ves showed the higher vafoes in all 
cases. 

Blood a?alyses . of two calves which carried heavy 
n~matode mfestat10ns ~n<l were in a state of collapse 
disclosed severe nnaenna and an extreme deficiency of 
calcium and copper. 

4. ENTOMOLOGICAL STUDY OF THE CATTLE Trcrr. 
(Division of Entomology.) 

Such problems as that of resistant ticks and the loss 
of t~xicity of dipping flui~s in Yats may be solved by 
studies of the mode of action of toxicants on ticks the 
improvemen_t of <lipping fluids of established effi~acy, 
and the testmg of new toxiea_nts. However , reasonably 
good control of the cattle tick can be effected in all 
part$ of the zone of distribution, using one 01· other of 
the a,7a ila ble aca ricides. Hence alt

0

hone:h the work 
listed above is continuing, more emphasis ~is now being 
placed on the methods of employi11g acaricides makin(J' 
use of certain ecological factors. The most i~1portant 
investigations are concerned with the effects of pasture 
spelling and strategically timed dipping on cattle tick 
control. 

(a) Chemical and Biochemical Studies.-(i) 
Absorption and Metabolism of Chlorinated Hydro
carbons by 'l'iclcs.-This investigation was started to 
provide a chemical method of assessing the resistance 
of strains of ticks to acaricides. The aspect most 
intensively examined in the last year has been pene
tration. It has been found that when DDT is dis
sol ved in an homologous series of normal primary 
alcohols and applied to cattle ticks, the greatest 
penetration takes . place with butyl, amyl, and hexyl 
alcohols. A cons1<lerablc amount of DDT applied in 
amyl and hexyl alcohols cannot be accounted for in the 
a1rnlysis of DDT from inside and outside the ticks, 
and is considered to have been metabolized to products 
which are not detectable with the Schechter-Haller 
analytical procedure. 

The penetration of gamma-BHC into BRO-sus
ceptible and reputedly BRO-resistant ticks was 
compared, but no differences were found between the 
strains in the rates of penetration of the amounts of 
gamma-isomer retained within the ticks. 

( ii) Depletion of Acaricicles from Cattle-dipping 
Vats.-Studies have been made of the gamma-isomer 
content of BRO cattle dips. The actual gamma 
content is usually considerably below the value cal
culated from dehydroha)ogenation analysis, or from 
!he k:1own rate of charging and replenishment. There 
is evidence that the greatest deplet ion of laboratory
stored di p samples occurs in the summer months. 
Chemical breakdown of gamma-BRO has also been 
demonstrated in some artificially produced hard waters. 

Depl~tion of DDT in laboratory-stored preparations 
~011tamlll~ted wi~h dip _detritus_ is indicated by an 
rncreasc rn the morgamc chlon<le content, and the 
presence of DDT breakdown products. However, the 
c.xtent of DDT depletion so far recorded appears to 
be of little practical importance. 

(iii) Persistence of Acaricides on OattZe.-Measure
ment of tLe ~mounts of DDT on samples of cattle hair 
collecte~ at mterrnls after <lipping or spraying, corre
lated with a study of reinfestation with larval ticks, 
suggests that the presence of more than 1 000 µo- of 
J?DT per g. of hair protects animals against reinf~sta
tion. 

DDT_ and lin<lane ,~ere formulated with equal 
proportions of the chlormated polyphenol " Arochlor 
5460" as cattle ~prays w~1ich, by analogy with the 
performance of t his nnd allied synthetic resins in other 
fields of insecticide application should have resulted 
in much grea_ter persis~eucy of the toxi cants. However, 
no marked mcrease m the persistency of DDT or 
BHC on cattle resulted. 

Coumarone-jndene resius formulated with DDT 
pro?ucecl a small increase in the persistency of the 
tox1cant as measured by both chemical analysis of hair 
sampl~s and the rate of reinfcstation of the cattle with 
seed ticks. 

(iv) Jlfalathion.-This acaricide which is an 
organic phosphate of rnlatively lo,v' toxicity to verte
brntes, appeared to have some promise fo r tick control 
wl1en tested in the lnboratory, but in £.e]d t rials its 
performance ,vas rather erratic. 

. (v) Dieldrin ancl Aldrin.-Laboratory and field 
t1:ials )lave_ shown that these preparations, particularly 
d1~ldrm, ~1ve a very efficient kill of ticks and prevent 
rernfestat1011 for at least as long as DDT. 

. (vi) Systemic h secticides.- A lclrin dieldrin and 
hndnne, as s?lutions . in peanut oil, we~·e injected sub
cutaneou~ly mto animals at the rnte of 25 mg./kg. 
bod)' ~701ght. The animals showed no symptoms of 
tox1c~s1s. The younger stages of ticks on the dieldrin 
and hndan_e animals_ were killed. Hair samples taken 
from the hn<lane ammal two days after injection were 
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found to contain 117 µ.g. of l inclane per g. of hair, 
while samples taken five clays after the injection 
contained 21 µ,g. per g. of hair. 

(b) Biological and Ecological Bl-udies and Field 
Experirnents.-(i) Interact,ion of Life History Stages. 
-To find whether there was any analogy with the 
plienomcuon of larval nematode infestation in sheep 
affecting th~ population of adult wor ms, large numbers 
of larval ticks were placed on a bovine bearing a 
population of young adult ticks. No signi:ficant 
reduction in the i.11fcstation of adults occurred in com
parison with a control animal. 

( ii) Effect of Ferl·ilization of Ticlcs on Engorge
ment.-It lrns long been suspected by workers on the 
cattle tick that engorgement of the female only follows 
fertiliv.ation. This was con£rmed by removing all male 
nymphs and newl_y emerged males from small infesta
tions isolated on a bovine by repellent baniers painted 
on the skin. Females in such areas deprived of males 
did not engorge complctelyl but retained the power to 
do so, when males were mace available, for a week or so 
after ticks to which ma Jes had early access had 
Pugorged and fallen. 

(iii) Larval Snrvival.-Work on sunival of larvae 
throughout several seasons yielded a vast amonnt of 
valuable data ou this important non-parasitic stage in 
the Brisbane area. Similar studies haYe now lJeCH 
carried out in the Rockhampton area, where larval 
survival in the hotter mouths has been found rarely to 
exceed thl'ee months from the time of fall of the adult 
tick. 

(iv) Seasonal 'l'iining of D i pping.-Populatious of 
tick larvae in pastures in the Brisbane area undergo 
a very pronounced reduction in numbers in winter and 
early spring, owing to the adversity of conditions for 
reproduction of tl1e species ornr late autumn an<l 
1rinter. Ilo11·ever, a very small "turnoYer" of ticl,s 
orcms most of the time but progeny of ticks falling 
from late July to early September tend to batcl1 morn 
0 1· less simultaneously some time in September or 
October, according to the prevailing temperatures. A 
"spriug rise " in the nw11bcrs of larvae attaching to 
cattle then occurs, prnducing an early or m id spring 
generation of engorged forunle ticks which may become 
the parents of heary Nox·cmber, December , and January 
infestations . If tlicse in turn nrc not more or less 
completely controlled very heavy autumn and late 
summer infestations result. 

A strategic d ipping programme was commenced, _to 
detect the spring r ise in the numbers of larvae attached 
to cattle, and to initiate a dipping programme which 
would prevent the fall of engorged female ticks for 
some months, and t.hus reJurc tlie uumbers of seed ticks 
in the pasturei.; at a ti111c when the,y are normally 
inrreasi11g. In practiee it lias been found that winter 
populations arc sometimes considerable and the detec
tion of the sp1·ing rise is wmewhat difficult . N ererthc
less the initiation in September of a S<'hcJnle of <lip
ping-, to prevent the scape of engorged females until 
the end of the year achieved sueh a worth-wbi.lc degree 
of pasture disi nfestation tha t diµp ing in Janu:ny to 
L\.pril could be spaced :it intervals of 7-10 weeks hcfor,! 
pasture infestations romiueucecl t.o build up again. B_y 
contrast, a herd in which clippiug was neglected in 
spring and cm·ly summer Lcrause of low tick incidence 
on the cattle duriug that period was so grossly infested 
i11 Janunr:v to April that cont.rol, even hy monthly dip
pings in DDT, \\'as extremely difficult. 

The question of the cattle losing their tolerance to 
redwater fever as a result of such a progrnmme scarcely 
arises. Under almost all conditions of management 
there appear~ to be :1 sligb t. "leakage" of ticks wbicb 
l'$<·Rpe all but the mos t r igorous clipping programmes. 

Tliese sene to continue the ii1fest:.ition of the pasti1re,. 
1rhich is necessary to maintain the tolerance of the 
henh to piroplasmosis, hut survirnrs ran be kept ilown 
to such nurnl,ers that worth-wl1ile disinfostation of th,~ 
pastures is produced. 

J\ strategic <li ppi11g prognunrne may noL materially 
reduce the muuber of dipp ings, hut a mncl1 rno1·p 
efficient c:nntrol of the ticks is bronght ahnut a ncl infr~
tnLions likely to injure the cattle an• avoided. 

(c) Fosfnre S1Jel/ing.-:\i1 experiment was c-om
menced 11 t Rockhampton iu April, 195;!, to obtain 
further information on the effect of spelling a pasture 
Cln the numl1er of treatments with DDT required to con
trol ticks. In the control area ten to fourteen animal.s 
hnd the run of the entire 80 acl'es continuously, whereao: 
in the spelling treatment a similarly stocked area wa5 
dirided into two by an electric fence. One portion of 
tl1is .~ubdivided paddock was kept free of animals from 
mid November, 1953, to early February, 1954. Tb,, 
animals were then returnecl to this half, folll' days after 
DDT spraying, and d id not need treatment by mid May. 
On the other band, in the control paddock two sprayi:ngs 
were necessary <luring the period. Prior to their 
t.ransfer to the spelled half, tbe cattle required spraying 
every fhe to eight weeks. After mid May the cattle in 
the spelled paddock were sprayed, although they still 
carried only one-tenth of the number of ticks usually 
accepted as a criterion for spra_ying. Tl1ey were then 
returned to the half of the paddock they occupied i 11 

February. The observations on the longevity of tlw 
larvae are therefore confirmed. 

(d) 1'iclc-free Areus.-Certai.n areas within the 
broad zone of distribution of the tick are stated to bf' 
either free of ticks or so ligl1tly i11festcd that di pping 
is seldom nece~sary. Visits lrnve been paid to certain 
of t11ese areas in prel irn i11ary a ttelll pts to dPcide what 
fac,tol's arc responsible for t,he ronditiou. 

:i. I'noDucnor,; IN DA lllY C',\TTU: llmws. 
(Division of Ani mal JL,alth and Production. ) 

(a) Progress in the ?:ebit-rross Dairy Ilerd.-Pro
gress has been •eriously retarded as a result of tlw 
relative infer tility of the Siu<ll1i x Jersey bull imported 
from the United States iu J!J,,2. In over 130 mating~ 
since J UJ1e, l:J52, he bas succeeded iu getting only 
uiue females in calf. Semen samples from this bull 
ha,·e been examiued and the sperms found to be low in 
number, of very poor motility, and with an lllldue pro
portion of abnormal spcnn~. Efforts are being inaJe to 
improve the quality of the semen by treatment of the 
animal. In the meantime he is being persevered with a~ 
a sire. 

Data for lactation performance, coat colour, a.nil 
body weight continue to be 1w·or<lcd, and an iu,·estiga
tion into tl1e nature of the phcnomenou of Mat shedding 
in both Enropean ai1d half-bred cattle has commenced. 

:Macroscopic changes in the coat during shedding were 
recorded at weekly iiitervals. At the same time sample, 
of Lair were clipped from the animals, the area of th~ 
rlipped patch being measured. Trephined skin samples 
for histological stndy 11·cre ·tl1rn takc11 from the centre 
of the clipped area. Prel iminary examination of tl1r 
<lata from the obsenatious on macroscopic change~ 
in the coat during shedding indicate that they follow 
a definite pattern, aud that their progrei-s may depend 
on the condition and pbysical well-being of the animal. 

(b) Physiology of Mill,; Secrefion.-Studies in thi~ 
field were discontinued at the end of 1953. A.u experi
ment on the effect of unequal diurnal milking interval~ 
upon milk production was concluded. Data on udder 
capacity were analysed, and demonstrated a pattem 
of physical and functional involution during lactation. 
Experiments on tbe duration of the let-down reaction, 



in which the complications of " second let-down " were 
excluded, indicated that the degree of evanescence migh, 
be considerable within the period occupied by milking 
and that it varied greatly between cows. 
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One empty heifer was brought into lactation by 
implants of 3 g. progesterone and 100 mg. stilboestrnl 
120 days before, and 1.5 g . sti1boestrol 30 d~ys_ before, 
their r emoval and the <'Ommcnccment of milking. It 
produced 7,175 lb. of milk in 305 days, as a~ainst 8,275 
lb. from its identical t11·i11, which calved normally. 

6. INVE:;T W A'l'ION or.- B EEF PnonucnoN 1~ .AUSTRALIA. 

(Division of Animal Heal th and Production.) 
The following s tudie~ are under the direction of the 

William Mcilrath Fellow in Animal Husbandry, who 
is located at the McMaster Laboratory . 

(a) Caltle Afana_qemrmt invc:;tigalions ·in the 
Southern States.-Tbese investigations arc conducted 
by the Departments of Agriculture of N cw South 
Wales, Victoria, South Australia, '.CV cs tern Australia, 
and Tasmania, and the Wil liam 1\Idlratli Fellow acts 
as co-ordinator for tltc observations at the twelve 
centres. Details of food intakes, lfreweight changes, 
and carcase appraisal arn recorded. 

(b) Stall I1'eed·ing and " Topping Off" of Beef 
l'atfle.-The practice of " topping off" by complete 
hand feeding is increasing and data were collected from 
four trials, one of which comprised 650 bead of cattle. 
With one exception, the agreement between actual and 
calculated liveweight gains for the food consumed was 
very close. 

(c) Feeding Sl1ul Oa.ltZe.-Comprebensive nutri
tional and liveweight data continue to be collected from 
a H ereford stud. 

( d) Biocheniico l Inveslig,, hons.- Sensonal varia
tions in the vitamin A, carotene, and inorganic phos
phorus levels of the blood serum were stndicd in a herd 
of Shorthom cattle iu central Queensland. Compared 
1rith contrnl cattle in southern N cw South Wales, low 
values for vitamin A and carote11e were recorded ou 
four of the six occasions when analyses were made. The 
oral administration of 1,200,000 i.u. v i tamin .A per 
head did not appreciably improve the serum values for 
vitamin .il. This investigation emphasized the need 
for wider studies of blood vitamiu r\ levels and the 
inclusion of liver biopsy samples. The analyses of the 
serum inorganic phosphorus revealed loll' values com
parable to those r ecorded in cattle afflicted with "peg
leg" and suggested phosphorus deficiency. 

7. GENETICS OF CATTLE. 

(Animal Genetics Section and Division of r\nimal 
H ealth aml Production.) 

(o) A-ni11wl Genetic:; Ser/ion.-During the year a 
herrl of dairv cattle were iuseminated ll'ith frozen 
semen flown from the United States. The problems 
encountered in gr•tting cows to the rig-ht stage in 
ocstms for suc:cess with this technique 1rnrc largely 
solved. Work on beef cattle has been conf:ined to study 
of tho coat. The densi ty of hair folliciles is much the 
same for all E m opean breeds with the exception of the 
J er sey, which is some\\'hat dcnse1: _under comparable 
conditions. Both 11gc am! nutnt.1onal status have 
marked effects on dcnsi ty which have to be taken into 
account when making comparisons. Zebus are 
nltoget,her denser, having rather more thau 50 per cent. 
more follicles per square centimetre than Shorthorns. 
The fast cross between Zebu and Shorthom is inter
mediate between the parent breeds. 

(b) Division of Animal Health and Prod1iction.
The beef cattle breeding investigations at "Belmont" 
were initiated with the mating of fourteen single-sire 

groups in late Jnnuary 1054. Prior to this all cows 
had been identified, and where necessary calves had 
been identified and mothered. 

(i) Cross~breeding.-Subgroups haYe been an-anged 
with Hereford, Shor thorn, Zebu, and 11fricander bulls, 
eac:h mated with 30 cows, l1alf of which arc Ilerefords 
and lialf Shorthorns. Ju all, t\1·eh-e bulls and 360 cows 
arc involved . To ensure coruparnble subgroups, bulls 
and co,i:-s were ra11domly selected before mating. The 
period of mating was limited to six weeks. Floods 
in :February caused some upset to this mating- as it was 
necessary to withdraw bulls from. eight of the twelv~ 
families. N o mismatings occurred and, after the 
floods had subsided and fences were repnired, it wa,; 
possible to resume the programme. 

Houtinc observations on the breeders have commenced 
with the monthly weighing of all animals. 

( ii) N orthern-bred-Soulhern-bred Trial.-The stock 
involved consist of two groups, each of one bull and 30 
cows representii1g animals typical of the Hereford 
breed in Queensland (northern) and in New South 
Wales ( southern) . The noJ"tbern groups were bred near 
Rockhampton, Queensland, and the southern group 
at Armidale, New South Wales. 1\.nimals of the tll"O 
groups and their progeny ~-ill be subjec~cd to obser~a
tions a-nd measurements aimed at definmg adaptation 
and production within a tropical environment. 

In addition to the above there is a third, southern
bred group located at "Ohiswick ", .Armidale, New 
South Wales. This group is identical with the 
son them-bred group at "Belmont" and i ts performance 
at Armidale will be contrasted with that of both groups 
at "Belmont". 

All groups were mated in January, ·1954, and 
monthly weighings of cows is proceeding at both centres. 

(iii) Z eb1t-cross Brecding.-This group, consisting 
of 30 cows each containing 50 per cent. or more of Zebt1 
blood, is being used for the investigation of methods 
·which will later be applied in the larger herds of the 
main projects. The objective is to define, and to evolve 
methods of measuring, productive. and adaptive char
acters. The cows ·were mated in March and April with 
Zebu bulls. 

(iv) Oestrus Sl1idies.-This study aims at the deter
mination of the incidence of oestrus in beef cattle in 
a tropical environment. The investigation has been. 
delayed by the floo?s· The b_erd compri~s 80 H ereford 
cows which are bemg run w1th vasectom1zed bulls. 

IX. ENTOM OLOGY. 
1. GENER.AL. 

Tl1rouc-hout the agricultural, pastoral, and bortfoul
tural ind;stries, Australia in common with most parts 
of the world su1l'ers enormous losses from the depreda
t,ions of insects. As seed, as growing crop, or as 
h,uTosted food the prodncts of the soil are continually 
subject to spoilation by insects of the many thousands 
of species. Before a campaign against any insect ca11 
be la1mched w itlt r easonable hope of success, the life 
history and habits o.£ the particular species must bo 
thoroughly investigated and understood . . The Organiza
tion's investigations im·olving the biology and control 
of insect JJests, t.he biological control of weeds, and 
other aspects of entomology are mainly carried out by 
the Division of Entomology, with head-quarters i n 
Canberra. Collaborative work is, however, undertaken 
by the Division on special problems in conjunction with 
other laboratories. Research on insects a -ffecting 
animals is done in co-operation with the establish
ments of the Division of Animal Health and 
Production and is reported in Chapters VII. and VIII.; 
the Division plays a part in the investigations on the 
virus disease of rabbits being studies by the Wildlife 
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Survey Section (see Chapter X ., Section 2). The Divi
sion co-operates with the Division of Forest Products 
in the st11d_y of pests of timber (sec Section 13 of this 
Chapter, and Chapter XIV., Section 6 (h)) . 

Division of Entomology.-The emphasis of the 
Division's work continues to shift towards the 
more fundamental aspects of entomology. This 
results from an increasing realization that the 
development of effective control of insect pests 
lies more in a clear understanding of the basic 
principles of insect life than in the development of 
new insecticides and new methods of applying them. 
Naturally direct control measures must always have a 
place in the prevention of damage. However, it has 
been found that research 0n the factors which influence 
the_ abundance of insects, or the physiology or ecology 
of msects, leach; to more intelligent application of direct 
control measures. This may result in improved control, 
?r control at less expense when insecticides are used, or 
i t may be found that by an adjustment of the environ
ment chemical treatment is made unnecessary. 

Current rcsea rch on the cattle tick r eflects the new 
approach. Although work is continuing on the im
provement of dipping fluids, the emphasis has now 
shifted to : (a) experiments on the strategic timing of 
clipping, with the object of ensuring that fr6m time 
to time all the ticks in a given area are exposed to 
clipping, and not merely those which happen to infest 
the animals at a given moment; and (b) the "spelling" 
of pastures, with a similar object. Another example is 
the cun-ent research on the air-tight storage of grain, 
which indicates that under air-tight conditions the 
gaseous environment becomes unsuitable for the 
developme11t of insects which destroy grain, thus 
eliminating the need for application of any insecticides. 

Work has been intensified 011 the study of insect popu
lations, and the field studies commenced last year baYe 
developed to a stage where intensive observations on a 
few species can be undertaken. In Wes tern Australia 
more attention is being given to ecological studies on the 
earth mite and luceme flea than to chemical treatments, 
which have previously been regarded as being of more 
immediate impor tance. 

Promising results have been obtained in the Argen
ti11e ant er:idicatiou campaign in Sydney, where the 
Division is co-operating with the New South Wales 
Department of .Agriculture. All known infested areas 
have now been sprayed, which has reduced infestation 
to a very low level throughout the affected area, and has 
already eradicated the ant in some isolated areas. 
Experiments are contiiming in Western Australia in 
co-operation with the Western Australian Department 
of Agriculture. 

A new air-conditioned insecticide laborator_y which 
has been under construction for some years was com
pleted during the year and will make much more effec
tive work possible on inser,ticides and insect toxicology. 
One new prefabricated glass-house has been erected and 
the two acquired l ast year are now in constant use. 
These facilities, however, do not satisfy foe Division's 
need for more buildings which will suppl_y the coutrollecl 
conditions required in many of its investigations. 

Iu May, 1!)54, at the request of the Agricultural 
Co,mcil, a conference was convened at Canberra by the 
Organization to discuss a proposal to carry out a trial 
campaign usu1g a new strategy in locust control. It 
was attended by senior entomologists from all States. 

The Division has commenced a study of the ecolog,y 
and pathology of the black beetle. Although the pest 
is present in several States, this work will be done 
mainly in New South Wales in co-operation with the 
Department of Agriculture. 

The Division is engaged in co-operative work ,vith 
the New South Wales University of Technology on the 
formulation of cattle dips, and the surface chemistry 
of insect cuticular lipoids, and has provided material 
for work on the chemistry of ants. It is also co-opera~
ing with the Australian National University in expen
ruents on the mechanism of insect transmission of 
animal viruses, and in other minor research projects; 
and with the Australian :Forestry School in a small 
experiment on harvester ants. 

The final draft of a list of common names of insects 
and related pests occurring in Australia bas n ow been 
completed and is being prepared for publication. 

2. 1NsEC1' PnYSIOLOnY AND Tox1coLOGY. 

(Division of Entomology.) 
(a) D-igestion of Wool by lnsccts.-Ful'ther atten

tion has been paid to the characteristic factor in whiC'h 
wool-digesting insects difier from other animals, 
namely, the possession of highly reducing midgut 
digestive juices. These reducing conditions disrupt the 
resistant disulphide bonds of keratin, and this r educed 
wool can then be degraded by proteolytic enzymes. 
Various systems which may be involved in maintain
ing the reducing conditions are being examined. 

A study of cysteine desulphydrase in wool-digesting 
and other insects has been completed. This enzyme 
is responsible for the production of hydrogen sulphide 
from cysteine and is extremely active in the gut of the 
clothes moth larva, where it plays an important part in 
the degradation of kerafo1. Its presence accounts for 
the ability of these larvae to eliminate many metals as 
insoluble sulphides. Cysteinc desulpbydrase is present, 
but in a far less active form, in some other insects, 
i11cluding carpet beetle larvae, which are unable to 
excrete ingested metals as sulphides. 

Another enzyme system which might have been im
plicated in the maintenance of reducing conditions is 
xantbine oxidase ( which catalyses the oxidation of 
xanthine to uric acid) and the distribution and proper
ties of this enzyme have been investigated in several 
insects. Larvae of the clothes moth T ,ineolci possess an 
extremely active xanthine oxidase, where as no activity 
was detected in larvae of the carpet beetle Anthrenus 
jiavipes and only slight activity in cockroach adults 
and sheep blow.fly larvae. Relatively little acti vity was 
found in the Tineola gut, whereas most resided in the 
remaining tissues. Methylene blue acted as a hydrogen 
acceptor under both aerobic and anaerobic conditions, 
but molecular oxygen would not suffice. The clothes 
moth enzyme therefore bears some resemblance to bird 
xanthine oxidase. 

(b) Histochemistry of the Digestive '.l'ract.-Thc 
midgut of blowfly larvae provides excellent experi
mental material for the study of correlations between 
enzyme systems and cellular function. A series of 
histochemical tests demonstrates that there is a more 
striking functional difl'ereritiation in the midgut epi
thelium than is indicated by histological studies. This 
differentiation is most marked in the middle region 
of the midgut, the cells of whi<;h display a complex 
pattern of functions. The distributions of the following 
ha Ye been studied : lipoid, glycogen, iron, copper, 
potassium, acid and alkaline phosphatase, debydro
genases, cytochrome oxidase, and acety 1 esterase. 

(c) Insect .l1lt1scle Biochcrnisfry.-.A. study of the 
Mg-activated ATP-ase of mammalian muscle has been 
completed. This work yielded important new know
ledge on the specificity of this enzyme. 

.An extensive study of the molecular kmetics of the 
.A.TP-ase of myosins and actomyosins from various 
sources has been initiated. This involves the prepara
tion of myosin and actomyosin from insect and mam
malian muscle; the determination of the effect on the 



etizymio activity of variations in pH, total ionic 
strength of the medium, and the nature and quantity of 
<li valent. cations present; and finally, p1·ecise meas,u~
ments of the kinetics of the enzyme action under speci
fied conditions. 

So111c basic differences between the proteins of insect 
and mammalian muscle have been revealed and will be 
investigated more fully. In addition, new knowledge 
of the energetics of the process of interaction between 
ATP and actomyosin, the primary reaction in muscular 
contraction, has been gained. Such ~ata form ~ neces
sary part of the background matenal on w~ich any 
theory of the mechanism of muscular contraction must 
be based. 

Some preliminary experiments have been underta~eu 
in connexion with a projected sl.udy of the mechamcal 
and cnzymic properties of glycerine-extracted fibres 
of the fliO'ht muscles of insects. This work w1U be 
extended ~s more insect" material becomes available. 

( d) l,f etabolic Sources of Ohitin.-The study of the 
metabolic sources of chitin in insect cuticle has been 
cou tiuued. Types of enzymic degradation of chitin 
11J1d chitin esters, such as wight occur in a biologi~al 
system, have been investigated. Chitin is very readily 
sulphated or nitrated but is very resistant to phosphory
lation. ·Chitin and chitin sulphuric acid are both 
brol·, 1 down by the en~yme chitinase to N-acetyl_-D
glucosaminc, together with a trace of D-glucosanunc. 
The pH for optimu)Il activity is 4.8 for both substrates. 
Chitinase is without action on chitin nitrate. Acid 
hydrolysis of chitin, chitin nitrate, or chitin sulphuric 
acid leads to the forination of D-glucosamine. It has 
been shown that chitin as isolated froru biological 
material contains free amino groups. 

( e) Chitin-protein .Association ·in I nsect 01iliclo.
'J.'hc problems connected with the association between 
chitin and protein in the insect cuticle are being 
RCtivcly studied. The reaction of N-acotyl-D-gluco
,mmi11c (the recurring chemical u11it of chitin) with 
a-amino acids, peptides, and proteins has been inves~i~ 
"'ated. It is considered that products of the Schiff 
bRse typo (azomethines) are formed but the combina
r.ion is unstable and is split even at biological pH values. 
Some of these Schiff bases have been synthesized. 

(f) Prewrsors of Outic1tlcw Protein.-The method 
fol" quantitative estimation of amino acids by filter 
pnpc1· partition chromatography l1as been. widened ~o 
iucluc1e all amino acids likely to be found m a protem 
hydrolysate. 

An:1 lysis of insect larrnl blood has shown the presence 
of th<' following free amino acids : cystine, aspartic 
acid orlutamic acid, serine, threonine, glycine, alanine, 
valj;ie: tyrosine, phenylalanine, leucine, proline, gluta
mine, and asparagine. Arginine, methionine, and 
possibly lysine are present in small quantities. The 
possible presence of ornithine, ,B-alnnine, dopa, and 
tami1w requires eonnrmation. Tqptophane and 
histidine appear to be absent. Pre-pupal insect blood 
has n similar amino acid content but contains less 
asparngine and much more glutamine. 

({J) lnfliience of N1it1-ition on Reproduction.-Iu
restigations on the r elationship between larval aud 
adnlt size and reproductive capacity of the Australian 
,hec·p blowfly Lucilia c1iprina, have been completed . An 
additional finding to those in previous Reports is that, 
although small flies lay fewer eggs, these eggs arc of 
normal size and weight. If the larvae from these eggs 
are supplied with adequate food the J'esulting flies are 
of normal size. There is no indication of l'esorption of 
unlaid eggs. 

As stated in previous reports, honeydew from coccids 
and the droppings of sheep fed on pastures low in 
protein ( e.g., swnmcl' pastures) are each inadequate 
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aa prot~i.u ,sources for the maturation of eggs of 
L. cuprina. However, it has been found that the 
combination of these two foods provides the necessary 
proteins and amino acids for egg maturation. T~i~ is 
interesting in view of the fact that, in some Iocahties, 
analysis of the crops of wild flies shows that they have 
been feeding on coccid honeydew. 

Carbohydrate analyses have been e;arried Ollt, by 
means of paper chromatography, of the honeydew fro)]) 
coccids living on five common eucalypt !;!pecies near 
Canberra. 

Work on the carbohydrases present in the salivary 
glands and gut of L. ciizn·ina. is almost oompleted. 1t 
has been found that the salivary glands and the gut 
secrete identical carbohydrases. These are amylase, 
a-glucosidase, a-galactosidase, and probably ,8-h
fructosidase. 

3. lNsEc'l's .AND V musEs. 
(Division of Entomology.) 

Some viruses are transmitted mechanically, the 
pathogen being carried directly on the mouthparts of 
the insect vector. Other viruses pass through the 
vector, being first ingested and then reinjected with 
the saliva. Mosquitoes have been shown to function 
as vectors of either type. Thus they transmit myxo
matosis mechanically, whereas they transmit Murray 
Valley Encephalitis by the "biological" mechanism. 
It has now been shown that aphids also transmit by 
either meclwnism. They transmit the mosaic diseases 
of plants mechanically, whereas they transmit the 
virus causing potato leaf roll, for example, only after 
ingesting it and injecting it with the saliva into a 
susceptible plant. Leaf-hoppers and tbrips, so far as 
is known, transmit viruses only by the "biological " 
process. 

(a) Myxomatosis.-Iu co-operative work with 
Professor Fenner of the Australian National University 
some strains of myxoma virus have been found to be 
more easily transmitted than others. Analysis of . 
experiments has shown that on the average a mosquito 
( Aedes aegypti,) acquires about 20 virus particles when 
it probes a myxomatous lesion on a rabbit injected 
with the standard laboratory strain. Each time it 
probes a susceptible rabbit roughly 11 per cent. of the 
virus particles on the proboscis are left in the skin. The 
viable virus is lost from the proboscis in other ways at 
the rate of about 16 per cent. of the infectious particles 
per day. 

The " Lausanne" strain of myxoma virus from 
France has been used instead of the Australian standard 
laboratory strain in a similar experiment. Results 
suggest that there may be some advantages from the 
,1iewpoint of rabbit control in releasing the French 
strain of virus in Australia. 

(b) Pof;ato Leaf Roll Disease.-The virus causing 
this disease can be i-ecovered from the haemolymph 
of the vector, Myz11s pe1·sicae. The virus is trans
mitted by an aphid after a moult, and the aphid retains 
its iufectivity for at least eight days; during this time 
it is able to infect many plants. Experiments suggest 
that the virus multiplies to a limited extent in 
M. pe?'Sicae. 

( c) Rugose Leaf GU1·l.-W ork on the vector rela
tionships of this disease awaits the establishment of 
virus-free colonies of the vector Austrof!allia. toi-rida. 
The occurre11ce of transo,1 arial infection and the ability 
of some adults of A. torr·icla to pass the virus on to 
this progeny without themselves transmitting the virus 
to susceptible plants necessitates careful testino- to 
ensure that colonies are in fact virus-free. Se~eral 
colonies, estnblished by sel ection and by heat treatment 
of iidults (32-34° C. fol' eight <lays), have p1·oduced no 



disease symptoms for at least six months. During 
this time they have passed through two generations 
on susceptible indicator plants. 

H eat inactivation of the virus in tomato plants has 
also been studied. A temperature of 36-37° 0 . for five 
days caused them to produce symptomless new growth 
for approximately six months, but the symptoms then 
reappeared. 

(d) Potato Purple Top Wilt.-It has been considered 
that this important disease of potatoes is caused by the 
same virus that prodnces big bud in tomatoes. Work 
has been started to determine whether the two viruses 
have the same vector relationships. 

4. PoPULA'fION DYNAMICS. 

(Division of Entomology.) 
(a) Theoretical and Laboratory Studies.-Osing the 

sheep blowfly Liicilia mvrina as the experimental 
animal, work has been continued upon the study of 
how populations accommodate themselves to external 
stresses. Populations have been subjected to many 
different kinds of adverse factors m1d it has always 
been found that populations react in a way which 
opposes the reduction in densi ty which the adverse 
factors tend to produce as a primary effect. According 
to the circumstances, the operation of an adverse factor 
may increase or decrease density, or leave it unchanged. 
Commonly it reduces the density of some life stages and 
increases the density of the population at other stages. 
Because of this mechanism of compensatory reaction, 
populations are commonly able to maintain themselves 
in being in spite of very great stresses in the environ
ment. A knowledge of the mechanism of such compen
satory reactions is absolutely essential for the develop
ment of the most effective means of controlling pests. 

In each of the cultures studied previously, the 
population was controlled by only one reactive factor, 
although different reactive factors were used iu the 
different experiments. During the past year, a study 
was made of the effects produced when two or more 
i·eactive factors took part in the control of a single 
population. It was found that the populations auto
matically adjusted themselves to this comparatively 
complex situation. Both the average levels of the 
populations and the patterns of population change 
were influences by the interaction of these factors, 
but the basic characteristics of population control 
remained unchanged. A beginning has also been made 
with the study of populations living in fluctuating 
environments, by contrast with t}1e populations studied 
in previous experiments which were cultured under 
constant conditions. 

(b) Field Popiilation Stuclies.-Last year the 
Division began long-term field studies on insect popula
tions aimed at determining the factors responsible for 
regulating the numbers of different kinds of insect 
under natural conditions. 

Seven species of P syllidae and two of Coccidae werH 
chosen fo r study. Preliminary investigations on these 
phytophagous insects occupied the first six months of 
the year. They included : (i) life cycle observations; 
(ii) observations on numerical distribution; (ii~) 
studies on natural enemies; (iv) studies 011 the effect of 
populations of high density on the host plant. 

The object of t.his wo1·k was to obtain sufficient 
preliminary information to allow of expansion to a 
programme of systematic broad-scale field studies 
designed to demonstrate the factors r esponsible for 
density governance. 

It was possible to begin the second stage of the 
investigations during the latter half of the year and 
for each species, much useful information has bee~ 
collected for either one or two generations. The 
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results agree with the leads given by the preliminary 
observations and leud support to the suggestion that 
natural enemies are normally the density-governing 
agents of these insects. 

5. LOCUSTS AND GRASSHOPPERS. 

(Division of Entomology.) 
Tl1e outbreak of the Australian plague locust 

( C:horloiceles terrninifera) that developed in certain 
western outbreak areas in the late summer of 1953 
continued in a much more severe form in the season 
1953-54. In the Bogan-Macquarie outbreak area, 
where continuous field investigations are in progress, 
1ntme1·011s swarms hatched and matured during the 
spring months. These migrated out of the area in an 
easterly to south-easterly direction, for the most part 
without ovipositing. From early December to March 
the Trangie area, at least, was free from swarms. 
During the latter part of }:larch and into April 
scattered flyers and loose swarms drifted into the 
district froru the west and north-west and concentrated 
in the outbreak centres around Trangie, leading to 
the production of dense swarms, which laid heavily on 
the outbreak centres and then emigrated in a south
cast6rly direction, leaving a scattered non-swarming 
Ilopulation behind. 

These developments interfered to a considerable 
extent with the programme that had been laid down 
for determining the effect of the shrub-p1anting 
treatment 0£ outbreak centres on the locust population. 
Three outbl'E:ak centres had been planted with rows 
of the saltbush 11lrivlex nu1nmula.ria some ten years 
previously, the plantings being arranged in the form 
of a hedge-like barrier between the oviposition and 
food-shelter habitats. A further outbreak centre had 
been fenced off from stock and ploughed, and the 
ovipositiou habitat had by this means been destroyed. 
Each of the treated centres had been paired with an 
adjacent and similar "control" centre, and the effect 
of the treatments was to be estimated by periodical 
comparison of the locust densities on the treated and 
co1;1trol _ centres. The treatments were designed 
pnmanly to reduce the rate of multiplication of locusts 
m tlie ti·eat?cl outbreak centres- hence an invasion by 
swarms, w]nch settle to some extent at random, could 
be expected to obscure the treatment effects. 

Dm·ing March when swarms had been absent for 
some three months, locust counts were commenced 
along :fixed yard-wide lanes spaced at equal intervals 
acros~ each o_n tbrrak . centre. During the period of 
countrng, tl1e m:61Lrat1011 of immigrants from the west 
(see, above) begau aucl to some extent vitiated the 
rcsu~t~. Nevertheless some indication of lower 
deus1t1es on the treated outbreak centres was obtained 
m;d useful experience_ wit~ the technique gained. 
,~ !1en s_ul,scqnently the mvas1on of flyers greatly inten
sdic~, it \\'as noted unexpectedly that the densities 
obtamcd, and the tendency to form swarms, remained 
less on the treated than on the untreated outbreak 
centres, notwiths~a~ding_ that the density differences 
were not_ ~ue to_ d1ffere~tial multiplication by breeding, 
or t? d1flerential survival, but solely to differential 
$ettlmg by the inrnclers. These results are far from 
conclusi:'e, but if they can be confirmed by further 
observations the shrub-planting treatment will be 
shown _to ~a,,c had a definite effect in limiting swarm 
formation rn the out.hreak centres. 

6. p .ASTURE 000KCH.AFERS. 

(Division of Entomology.) 
_Only a limited amoun_t of work has been done 011 

this gro1;1p of pests durmg the past two years but 
preparat1011s have now been made to begin an ecol~gical 
study of the black beetle (H eteronychi~ sanctae
helenae), which is a serious pest of crops in the New 
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South Wales coastal areas and in other parts of 
Australia. The work will be canicd out in co-operation 
with the New South Wales Department of Agricul
ture, which bas carried out and will continue 
extensive control investigations on this pest. 
Extremely heavy infestations were present in the 
autumn of 1954 and a joint survey was made of the 
affected areas, mainly with a view to selecting suitable 
sites for ecological studies. 

Dr. R. L. Beard, who visited Australia on a Fulbright 
Fellowship, carried out investigations into the bacterial 
and fungal diseases of cockchafer larvae. A milky 
disease infectii1g the lanae of the black beetle was 
discovered late in l!l53 when he visited the south coast 
of New South Wales with an officer of the Division. 

7. PASTURE CATERPILLARS. 

(Division of Entomology.) 
Although the officer in charge of these investigations 

Las been overseas for most of the year, regular light 
trapping has been carried out in Canberra to ensure 
the continuation of long-term records of certain species 
under observation. 

Aestivating adults of the bogong moth Agrotis inf11sa 
have been kept under observation on the Brindabella 
Range, Australian Capital Territory. 

8. RED-LEGOED EARTH MITE AND LUCERNE FLEA. 

(Division of Entomology.) 
(a) Popiilation Stud,ies.-The insecticide experi

ments described i.n previous years are now being 
r educed to permi t of intensified work on the ecology 
of these pests. Population studies of the lucerne flea, 
red-legged earth mite, and bdellid mite were com
menced during 1D53 and although no definite con
clusions can be dra wn from the one year's observations 
some interesting points have arisen. An area relatively 
free of bdellid mites ,ms chosen at Walebing, Western 
Australia, and the distribution of lucerne fieas over 
the paddock was mapped at three-weekly intervals. 
Clearly defined areas of high density could be mapped 
at the beginning of the season. As the season pro
gressed the flea population in the areas of high density 
declined and that in the areas of low demity increased 
so that at the end of the season the picture was com
pletely reversed. 1\T o clear-cut reasons for this change 
are yet available, but there appear to be no environ
mental factors responsible. Competition for space or 
some food factor or the relative unoalatability of 
previously infested food plants appear likely to have 
influenced the population. A similar but less di5tinct 
change was also observed in another area at W aroona 
Western Australia, but here the picture was com~ 
plicated by the presence of a very high population 
of predatory bdcllid mites and also a dense population 
of earth mites. The presence of the former resulted 
in a rapid decline in the overall lu~erne flea population, 
so that at the ~nd of _the season 1t was at a very low 
level. Supportmg evidence for the above hypotheses 
on ~he factors_ limi_ti:1g the J:opulation density was 
obtamed from 111sect1c1de expernnents where the killino
of a high proportion of the luceme flea populatio~ 
in a pasture resulted iu a significant increase in the 
earth mite population. 

A start has been made on a study of the distribution 
of the bdellicl mites in the south-west of Western Aus
tralia and samples have been collected from over 200 
sites from the Murchison River in the north to Augusta 
and Hopetoun in the south. Observations indicate 
that not all bdellid mites are predatory on the lucerne 
flea. 

(b) Physiological Stiid,ies.-Further studies of the 
aestivating eggs of the earth mite have shown clearly 
tl,at after comp1eting their development in the mite 

these eggs enter a diapanse lasting for about two 
months m the field, where they are exposed to ver7 
high temperature~ and very low humidities at the soil 
surface. 

A study of the effect of temperature on incubation 
period has confirmed a previous experiment showing 
that hatching- would not occur above approximately 
20° C., despite the presence of adequate moisture. 

(c) B-J)'ect of Earth Nite on Pasture Production.
The first two years' observations were described in 
the previous Annual Report. In the third season the 
elimination of the mite resulted in au increase of 21 
per cent. in total yield of early season (June) growth 
and 3 per cent. in total yield of late season (October) 
growth. Subject to more detailed analysis the results 
indicate an interesti11g change in the composition of 
the pasture, subterranean clover and grasses being 
increased in both early and late season, while capeweed 
was reduced throughout the season and Erodium in 
the late season. 

(d) Insecticide Experiments.-In small-scale experi
ments at the Institute of Agriculture, Nedlands, 
·western Australia, eleven new insecticides and 
acnrir.i<les were tested against the now standard DDT. 
None was as effective as DDT, but DCPM and Dilan 
showed some promi;e and will be r etested in the next 
season. 

A large-sC'ale experiment using the boom spray was 
carried out at Coombcrdale, '\V-es tern Australia, the 
treatments bei11g parathion at -½ oz./acre, parathion at 
½ oz. + DDT at 4 oz./ acre, and dieldrin at 4 oz./acre. 
Parathion + DDT gave excellent control of both 
lucerne flea and earth mite, though the population of 
the former returned to no11nial after three months. 
N either parathion (alo11e) nor dieldri11 affected the 
earth mite, but again parathion gave a complete 
initial kill of the lucerne flea, the population r eturning 
to normal after three months. Dieldrin achieYed some 
control of the lucerne flea with some apparent residual 
effect, and further tests with it are planned. 

9. SrrEEP BLOWFLY. 

(Division of Entomology.) 
(~) Eco_logical Studies. - From trapping data 

obta~nc<l m December, 1052, tentative population 
dens1t,y measurements have been made of Calliphora 
augiir and Callivhora styg,ia, the common domestic 
nuisance blowflies in southern Australia . Calculations 
based on th~ ratio of w~ld fiies caught to r etrapped 
marked specunens, of which known numbers had been 
liberated, indicated that e,ren when an improbably 
high daily mortality of 25 per cent. of marked 
speci_mens was allowed for, the population density of 
Calliphora augur was 195-275 flies/ acre and of C. 
slygia 50-80 flie:,/acre. These figures contrast strongly 
with __ the po1_mlation_ densities of the sheep blowfly, 
Li,ciha cu.prina, \\'hich average about two flies/ acre 
and indicate why the Calliphom, spe~ies are such ~ 
prominent feature of the Australian scene in the warm 
weather. Although the Calliphora species are 
unimportant in comparison with Lucilia cuprina as 
sheep blowflies they are extremely important as com
petitors of this species in carrion. 

10. CATTLE TICK. 

(Division of Entomology.) 
The Division's work on the cattle tick is described 

fully iu Chapter VIII., Section 4. 

11. INSF:CT PESTS OF STORED PRODUCTS, 

(Divi5ion of Entomology. ) 
Problems of grain storage have received most atten

tion during the ;vcar. The study of the efferts of air
tight s~orage conditions on the grain weevil Calandra 
granana L. has been completed and it has been shown 



that all stages arc killed by t!ie reductio.n in oxyg~n 
du~ to the re13piration of the insects and the gram. 
Tho adults have been shown to be the most resistant 
stage. Measurement of the respirator.y quotient of 
this spcciaE- showed that the ~ccumulatio_u _of car?on 
dioxide which occurs as oxygen is depleted 1s msufficient 
to play any part in the death of the insects. 

Tho time taken for the insects to be killed in an air~ 
tight silo )las been calculated and indicates that under 
211itable conditions the method may be of use for 
storage periods as short as three months. The amount 
of damage that the insects can do between the time 
of sealing up and their death was estimated and it has 
been shown to be negligible in a well-sealed silo. 

I n order to carry out experiments pu a larger scale 
t-han is possible in the l11bor atory a steel silo of 1,000-
bushel capacity h11s been purchased and erection has 
star ted. 

The information so far gained about t he method con
finns the desirability of carrying out .full-scale field 
trials. If this can be done and proves successful an 
economic inetbod "f grnin storage will be available 
1.ltat will enable gr:iin Lo be held as 1011g as desired 
without loss or deterioration. 

Quite severe infe!ltation by the large strain of 
Calandra oryzae L. was found in maize cobs before 
harvest in nor th Queensland. 

12. BIOLOGICAL OON'rROL. 

(Division of Entomology. ) 
Much "f the biological control work ;mentioned iu 

the previous Report has continued and in addition 
work has b()gu11 on several pther problems. These 
inclu<le the biological control of r agwort (Senecio 
jacobaea), the introduction of parasitics of the brown 
vegetable weevil ( Listroderes oblirz1ms) and of . wax 
sc11 les ( Gero7>lr1..~les spp.), and a stud,y of the parasite.<; 
and predators 0£ aphids in Australia. The~e fottr 
investigations will receive considerable attention in 
the 11ext few years. 

(a) St. John's Wort (Hypericum perforatum) .
.111 additional 20,000 chrysomelid beetles, mainly 
Ohrysomela quarlrigem•ina (= C. gemellata), were 
distributed in New South Wales during 1953 in the 
,Jingcllic district and .at lCootingal near Tamwoi·th. 
Beetle colonies are making g-ood progress in the Ornnge 
1111d Sodwalh rlistricts, while colonies ut Tuena con
tinue to develop satisfactorily. 

A colony of the cecidornyi<l gall-fly Zen.-i;idiplnsi:; 
gicirdi, ,vhich mainly produces galls on the terminal 
shoots of Ifypericmn spp. resulting in restriction of the 
plant's growth, w::is introduced from California in 
M::irc:h, 1953. Liberations were made in two separate 
a !·eas in New Sonth Wales dUl'ing October. T he libera
t.ion area 11t Tuena ·was inspected in June, 1954, when 
galls of var_ying ages were found on some l:Jypericu.m 
plan ts. 

(b) Insect .Problerns.-(i) Cabbage J.lfoth (Plutella 
maculipennis) .-0£ the introduced parasites of this 
sµecies only , 1 panteles pfotella'e continues to be cul
tttl'ed 11nrl distributed to the St,ates. Of the established 
parasites, ,111r1ifia, cerovhaga is the most abundaut. 
Diaclro11ws colloris seems to have increased since the 
introduct.io11 of the It11lian strain of this species. 
. I pdnteles pfo/;ellae is apparently already established, 
t.J1ough it is recove1wl in small numbers only. The host 
has e,idently declined markedly in abundance siJ1ce 
the biological control work was be~un; and on experi
mental plots this year in Canberra, c·abbages suitable 
for marketing were grown without the use of any 
insecticide, 

(ii) Oa'bbage White B1itterfly (Pieris rapae).
Pa1•asitism remains at a very high level. 11.panteles 
r11hac11,la js now Tegarded as permanently established, 

tliough s till far letiS nl.Ullerous than Apanteles glomerar 
tus. Apanleles rubecula cannot effectively parasitize 
Pieri:,; because it has been found that the eggs are 
encysted by the haemocytes of the host larva. 

(iii) Green Vegetable Bug (Nezara viridula) .
Further introductions of Tr_ichopoda, a tach_i1:id para
site were made from F londa and the British West 
Indies. It is now consider ed that T . pilipes F. is 
merely a colour variety of T . pennipes F. ; both 
varieties were introduced this yeai·. Recoveries of T. 
2>ennipes have again been made this season, but its 
establishment is uncertain. The factors affecting 
diurnal emergence periodicity in _this spec~es are being 
studied. The two egg-par asites, Microphanurus 
ba.~alis (West Indian strain) and Ooencyrtus sub. 
111,etalliws, continue to be cultured aud liberated on a 
la rge scale. Special features of r eproduction in 0 . 
:,;ubmelallicns are l>eing iuvestigated. 

(iv) Qiwensland Fruit Fl.I/ ( Strumeta tryoni) .
l!'ield work has begnn to assess the suitability of areas 
for forthcoming liberations. of the parasites imported 
from Hawaii. Ovhts lhaiensis ( ?), 0. longica1idatus, 
aud 0 . oophilu:,; ha \7e bccu cultured on Strumeta tryowi. 
Efficient mass culture methods have been developed 
for the fi.rst two. 

Field collections confirmed that the incidence of 
parasites Attacking S . lryoni in cultivated fruits is very 
low, but blackberry may prove an important .host 
affecting the fruit .fly-parasite relationship. 

Field studies in Coff'R Harbour and Grafton (New 
South Wales) indicate that the fruit of native trees al'e 
of litt le importance as reservoirs of Queensland fruit 
Hy. Cofl"s Harbour J1as been chosen as suitable fo1· 
t,1,e release of imported parasites because of tb.e mild 
climate, high S. lryoni population, availability of host 
fruit almost a11 the ycni· roimd, low incidence of e:tist
iug parasites, :rnd presence of many wild tobacco 
plant:;.. T he fruit of these are infested by S. 
ccwiim,inata, which in the laboratory can be parasitized 
by 0 . longicattdal11s and 0 . thniensis ( ?). 

(v) Polalo '.l'uber Jlioth (Gnorimoscrhema oper
eulelln) .-A field s11rvoy has shown that Oopidosoma: 
l.ohlcri is established oYer a wide area of the potato
growing district~ of Quecms1and and New South Wales, 
includi11g- many districts quite removed from any 
liberntion site. In most a r c11s except in Queensland 
tl1c percentage of parnsitism is too lo1r to be of economic 
importance, but there is evidence of n gradual increase 
iu some districts. 

(vi) Bed, Scale (.t\.onidiella aurantii).-The estab
lislnne11t of the int roduced Com,periella bifasciata in 
the Mnrray valley has been confirmed. 

(vii) lVa.-i; Scales (Ceroplastes destructor, 0 . 
rubens) .-With the co-operation of Kenya entomolo
gists, a oompru·isou has been made of 0 . destriictor from 
New South Wales aud the 0 . desfrurtor on coffee 
plan.ts i_n Ke1iya. It has l>een found that the Kenya 
Hpcc1es .1s wrongly named, but that a wax scale identical 
with the N cw Soutl1 Wales C. rlest?-11,r for is present, 
~bo~gh . Yci·y m1com_mon, on othe1• hosts in Kenya. 
rl11s di.scovcry prov1des n new bas.is for work on the 
biological control of this i;peciPR. P11rasite introduc
tions against 0 . de.~lrncfor and 0 . rnbens will be made 
in the ronrse of the mixt few year~. 

J.3, TE1U1 l 'fES Al'\j) UTJ.lER \¥" OUD-DJ;;ST.B,OYING INS.1:JO'l'S. 

(Division of Entomology.) 
(a) 'l'ermite Investigrt.tions.-The assessment of the 

termite r esistance of timbers, timber treatments, &c., 
by t~e standa_rd laboratory colony technique l1as been 
eont~nued durmg the past year. Once again it has been 
possible to cnn y 011t test.~ with tl1e impo1·tirnt econom ic 
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s_pccie~ Uvplulerm~s (winacifurn1is i11 nui-tl.t Queeus-
1~~-- A total of 743 test colonies was installed, com
pnsmg 387 of C'. acinaciformis, 174 of 0 . lacteus, and 
182 of N asu.tifo1·mes exitiosus. 
. Materials submitted to tests during the past year 
include commercial timbers from Australia, Africa, 
New Guinea, and :M.a laya, rubber- and metal-sheathed 
cables, treated plywoods and hardboards, and auti
termitic chemicals. 

Tho more important test rosnlts wore : (i) that ply
wood made from karri (E11calypl1ts di'l1cniicolor) can be 
termite-proofed effectively by momentary dipping of 
the veneers iu suitable preservative solutions, such as 
sodium pentaborate or a mixture of zinc chloride and 
arsenic pentoxidc, before bonding; (ii) that aldriu 
possesses very promising preservative properties, being 
superior to either chlorda11e or dieldrin in this respect. 

A limited number of field tests of timbers and pre
servative treatments are in progress around mound 
colonies of 0. l<t'ct,ms and N. exitiosiis, and a detailed 
report of the concli tioll of samples in the International 
Termite Exposure T est after 24 years' service was 
prepared and forwarded to wlndis011, U nited States of 
America. 

Soil poisoning tests a round mound colonies of N . 
exitioS1is and C. lacteiis, and subtcnanean colonies of 
0. frenchi and Heterotermes ferox, have shown that 
5 per cent. penta chlorophenol, 5 per cent. sodium 
pentachlorophcnate, creosote, 10 per cent. sodium 
arsenite, 5 per cent. DDT, 2 per cent. chlordane and 
0.1 per cent. dieldrin all afford some prote~tion. 
Ho:"ever, in the tests against N . cxitiosus, some of 
which have been _installed for five years, penta
chlorophenol ~as failed badly in the fifth year while 
creosote, sochum pentachlorophenate, and sodium 
arsenite show varying degrees of breakdown. 
. (b) lilJct11s lnvestigal·ion-s-.-Tbe dietary studies of 
Lyctus brunneus hrvae have continued and it has 
been shown that normal development is possible when 
starch in the syn thetic diet is replaced by glycogen. 
Although the total methanol" extracts of either 111 cli
cope ausl1·alasicci or Oryvtocarya glauccscens ( two 
resistant species) ,,·e re toxic when added to the 
synthetic diet, none of the various fractions of these 
extracts showed any toxicity and this investi"'ation has 
been a!>andoned. Work is now proceeding on the effects 
of vanous sterols an<l halogenated sterol derivatives on 
the growth of the l arvae. 

A }relin:inary survey of the Lyctns susceptibility 
of 4;:, species of Queensland timbers has been com
mellced. 

14. i'l..lWENTJNE .8.NTS. 

(Division of Entomology.) 

The Division's work on the Argentine ant was 
carried ont in tl1c three States affected by the pest. 
!n S;rdney th~ full-sca!e er adication campaign, which 
1s bemg earned out m co-operation with the New 
South Wales Department of Agriculture and local 
govemment bodies, was co11tinuecl with promising 
results. 

New infested areas discovered in Sydney since the 
work began have brougl1t tlie total to 64 separate areas 
totalling nearly a square miles. Tlie new ateas were 
mostl? less than 10 acr?s in e~tent and the complete 
spraymg o:t all known rnfestat1ons presented no diffi
culty. After t,he 1;161 acres treated in 1952-53 had 
been surveyed for surviving colonies it was decided 
to apply a second complete spray to areas with a high 
incidence of sma 11 colonies and to " spot " ep1·ay 
isolated infestations. A total of 281 acres bad been 
re-treated by May, 1954. A 2 per cent. chloNlane 
spray was used at first, but in the later part of the 
season an 0.75 per cent. dieldrin spray was used. An 
nvera/!e of 61.R :rnl./ncre was applied. 

in . Wes tern A~sti-alia, with the co-operation of the 
W cs tern Austi'ahan Department of .8.."'riculture it 
was found that a 2 per cent. dield1·in ~pray ap~lied 
~wo ~nd a half year.s before was still killing ants 
m:1ad1~g. the treated area. .A 1 per cent. spray was 
still killmg ants one year aftei· application and an 
0.5 per cel\t. spray had eradicated them from treated 
block~ except where soil had been disturbed. Aldrin 
and DDT gave results inferior to dield1'in. 

During th_e year the University of Melbourne 
l'Cquested as~1sta1_1ce in controlling the Argentine ant, 
ancl the :Umvers1ty grounds were used as an experi
mental site to test under Melbourne conditions the 
sprays and methods used in Sydney. 

15, INSEOTIOIDE INVESTIGATIONS. 

(Division of Entomology.) 
Duril.1g the year the inserticide section moved to new 

premises ~pecially designed for laboratory work in 
msect toxicology. Pnrt of this building, comprising 
lnbor_a~ory, culture, and testing rooms, is air
cond1t1oned1 . and forms u compact unit which has 
g-reatly fac1htated the work in progress. 

I_n the study of factors influencing the susceptibility 
of nu;ects and the toxicity of insecticides adult house
fiics of _an insecticide-susceptible labo~atory strain 
b~ve again _b~~n the principal . test insects employed. 
1he suseepbbihty to DDT of £hes of uniform age was 
found _to vary with pre-adult development time. Flies 
maturm~ early_ or 1ate_ were more susceptible than 
th?se with au 1htermedia_te rate of de-velopment. As 
this factor was not taken mto account in previous work 
vu the variation in susceptibility with age of test flies 
some oi these experiments are being repeated using 
DDT and BRO. . ' 

The distribution of susceptibility in experimental 
batches_ of flies, an~ the variations in susceptibility of 
successn-e generations, are being studied in th~ 
insecticide-susceptible strain and in a strain which i s 
being selected for resistance to DDT. The two strains 
are also being compared in certain aspects of their 
biology w~1ich have a bear!ng on rearing procedures, 
namely, hfe cycle, fecundity, and mortality during 
each developmental stage. 

16. TAxONOJ\ff. 
(Divi~ion of Entomology. ) 

T~vo papers published ~urin" the year on the genera 
lfoli_othis _an? .Perse~iamci, ,,:fiich contain important 
species a:ffect1~g various crop~, are good examples of 
tl1e rclatioush1p that must exist between ecology and. 
taxo!lomy. They reveal that certain common pest 
1-pecies .have been incorrectly identified. 

. A mouograph on the taxonomy, phases, and distribu
t 1011 of the genera Choi-loicetes a1·d Austroicetes, which 
include most injurious . Austrdiun locusts and grass• 
hoppers, has been published. Other taxonomic work 
on th~ Au~tralinn Acrididac, is continuing in co
operation with the Academy of Natural Sciences of 
Philadelphia. The second -v, lume of J ames A. G. 
Rehn's monog1:aph was p1;1blislled i1~ July, 1953, and 
work on the third volumo 1s progressmg steadily. 

Full revisions of the families N emestrinidae and 
~pioce1·idao (Diptera) l1ave been published duri110- the 
year . O~h?r diptero_us g1:oups receiving attentio; are 
t.hc Tarlnmdae, Calbphon<lae, and Oyrtidae. 

A; compl_ete revision of the D ynastinae (Scara
bae1d~e) will shortly be ready for publication. Most 
of this work was done b;y an officer of the Division at 
the Imperia_l College in London during the tenure of 
a studentship. 

Work is continui11g on the Formieidae (ants) by an 
Australian specialist with the support o.£ the Common• 
ll'CAlth Scientifio and Indust.rial Research Organization. 
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Other groups being studied within the Division are tho 
Chalcidoidea and other parasitic Hymenoptera (no_tably 
the Cynipoidea and Cleptidae), ~soptera (termites), 
Blatticlac (cockroaches), and Psylhdae. 

A large number of ~nse_ct _specimens have been 
identified for research mstitut1ons ~nd go\'er~ment 
departments in .Australia and New G~mea. Specimens 
for identification have also been received from several 
institutions and individuals overseas. 

X. WILDLIFE. 
1. GENERAL. 

In every country in the world ma~mals and bir_ds, 
both native and introduced, affect pnmary product10n 
and other human activities in a variety of ways. I n 
Austral ia, what may conveniently be. termed wildli~e 
problems range from that of the rab?it, the cou(1try s 
most serious pest, to the mutton bird, on "111ch a 
small but valuable loca1 industry depends. Kangaroos, 
possums, and ducks of various specie~ may be pc~ts 
at various times and in parts of their range, whi!e 
callin"' for conservation elsewhere because of theu 
econo~ic rnlue or their importance as game. To d_eal 
with wildlife problems that called urgently for solution 
or merited scientific study for other reason~, t~e 
Organization established its Wildlife Survey Section m 
1949. 

Wildlife Sitrvey Seclion.-During the first two or 
three years of the Sectio_n's e:'ist~nce its time w~s 
virtually monopolized by. mvestigat10ns of_ the 1:abb1t 
and its control, and particularly by the v_uus ~isea~e 
myxomatosis which, after its successful liberation m 
1950 has brought annually increasing benefit to tho 
country. The peak mortality in r~bbits over_ the 
greater part of south-eastern Austraha was achieved 
durin"' the summer and autumn of 1952-53; and the 
resulting be11efit to pastoral production has been 
estima ted at approximately £50,000,000. 

As a result. of inereAses in the staff, it lias recently 
been possible for the Section to enlarge the scope of 
its rn bbit investi~atiom, to intensify work on some 
proiects which had hitherto only been givrn pre-
1 irninary attention, such as the study of the ibis and 
of kanp:aroos and euros in north-western A nstralia, and 
to initiate nne or two new minor investiirntinns. 

In many of its investirrations the Wildlife Survey 
Sertion depends materin lly on colla bo1·ntion with 
State Departments, with Universities (particularly the 
Austr11lian National University). and with other 
brandies of the Organi7.ation; while most of its £eld 
work wnuld be imnossible without the assistm1ce of 
inrliv;clual lan<lh()lrlers. The W estern Austral ian 
Denartment of Agrienlture bas provider] the aecom
morlat.ion anrl has m:-ide possible the establisl1ment of 
a fielrl station in the North-west Division for the 
investigntion of the kangaroo and the enro problem; 
and close collabor11t.ion is maintained with its Vermin 
Branch in the rabbit invcstir.a tions being carried on 
in the State. In connexion with work on myxomatosis 
aud other aspect$ of rabbit control, r.lMe co-operation 
is mainta;necl with the Vermin and Noxious Weeds 
Branch of the Victorian Department of Lands and 
Sunrey, and with the Tasmanian Department of 
J\gric11lt11l'e. Thr expan.sion of the cluck invr>~ti1wtio11s 
l1 ns made it nossihle for the Section and the Victorian 
Fisherie9 and Game Department to h elp one another to 
a useful degree. 

The Seetion has established very close relations with 
the Antarctic Division of the Department of External 
Affairs, and has ta ken on a consultant and advisory 
role in c01mexio11 with the biological research carried 
out bv the Australian National Ant.arctic Research 
ExDeclitions. 

During the year. the head-quar ters of the Section left 
the cramped and makeshift premises that it bad been 
occupying at Black Mountain, and established itself 

at "Gun"'ahlin ", an old homestead on the outskirts 
of Canbe~·a, which provided accommodation of e,..-._actly 
the type required. 

2. RABBIT I NVESTIGATIONS. 

(Wildlife Survey Section.) 
(a) .Myxomafosi~--T~e i~vestigations £al~ into 

three main ca tegones : ( 11) reg10nal surveys c!lrned out 
to assess the seasonal performance of the disease and 
to collect information that might explain the local 
variations; (ii) intensive investiga~~?ns i11to the ecol_ogy 
and behaviour of insect vectors; ( m) work on variant 
strains of the virns. 

Just as the full effects of the disease in the 1952-53 
season had not been assessed when the last Report was 
written, more information bas to be collected before 
the 1953-54 picture is complete. By the winter of 
l!J53, myxomatosis had spread until it was virtually 
coextensive with the distribution of the rabbit in south
eastern Australia, and kills ranging (in the main) 
from 75 to 90 per cent. or better occurred over an 
enormous area extending from southern Queensland 
to South Austra1ia (a substantial portion of which 
State benefited) and including almost all of New 
South Wales a11d Victoria. The performance of the 
disease remained disappointing in Tasmania and 
W estern .Australia. 

The unexpectedly good results obtained in 1952-53 
were a reflection of a seasonal rainfall that favoured 
the widespread breeding of insect vectors, particularly 
the mosquito Anopheles annulipes. The much drier 
1953-54 season resulted in a marked geographical 
restriction of disease activity as compared with the 
previous year, good kills in the main being confined 
to the neighbourhood of waters. Luckily chy conditions 
militated against a rapid and extensive build-up of 
rabbit numbers, and the overall r abbit si tuation remains 
highly satisfactory over -most of south-eastern Aus
tralia. The response to the rains of late January and 
early F ebruary, in the form of i11croased diseases 
activity when and where it might have been expected, 
provided additional evidence of the dependence of 
epizootics on water-breeding insects. During the past 
season, Oulex annulirostris ( the first mosquito to be 
implicated as a field vector in Australia) was found 
to have played a more important role than A. annulipes 
along the Murray River and elsewhere. 

General observations had indicated that, over much 
of south-eastern Australia at any rate, useful ki!Js by 
myxomatosis depended primarily on the abundance and 
activity of one or two species of mosquito, and that 
the habit of Anopheles annulipes of resting in rabbit 
burrows and apparently even feeding on the animals 
underground was an important factor in transmission. 
The vector studies now under way in the Riverina are 
designed to place tliese indications beyond doubt. On 
three experimental sites typical of the major habitats 
of _this region---;-river fr?ntage, foothill valleys, and 
plam cot)ntry witl~ sandh1\ls-th_e production, activi ty, 
~ncl feed.mg behaviour of mosqmtoes are being studied 
m relation to _seasonal changes in the nature and 
extent of breedmg waters and the local incidence of 
the disease. T he dry season has prevented the collec
!ion of a~l tlie data that w~re hoped for; but valuable 
m~ormat10n has been obtamed and the study should 
pomt the way to a method of prediction, at least a 
month or two ahead, of the vector si tuation durin"' 
that season of the year when the transmission and 
spread of ~yxo!natosis normally occurs. The dry 
season., resultmg m efener ally low numbers of Anopheles 
annulipes, has a)so mterf~red with the progress of the 
stu~ly of mosqmto beha_v1our in rabbit warrens (for 
wlnch a system of artificial burrows has been con
stn1rted.) Preliminary experiments however have 
conurmed the suspicion that Anophele.; will bite :-abbits 
underground. 
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In eo-operation with entomologists from the School 
of Public H ealth and Tropical Medicine in Sydney, 
an ecological vector study is being carried out at Colo 
Vale, near Mittagong, New South Wales. This area 
differs from the regions further west, where A. annulipes 
and 0. annulirostris are of dominant importance and 
myxomatosis outbreaks aro usually short and sharp. 
The observations at Colo have failed to implicate any 
species as the main vector, but suggest that a number 
of insects may contribute to the transmission of the 
disease to produce a low level of infection which, in 
time, bas efiected a useful reduction in rabbit numbers. 
Conditions at Colo Vale are now believed to be typical 
of substantial areas of coastal and near coastal country 
in eastern .Australia where potential myxomatosis 
vectors occur in greater variety than further inland, 
where Anopheles ann.ulipes is of much less importance 
aud appears to have a somewhat different behaviour 
pattern, and where the time-table and intensity of 
disease outbreah cannot be so easily explained or 
predicted. 

Research on the virology of myxomatosis is centred 
in the :Microbiology Department of the Australian 
National University at Canberra, and the Wildlife 
Section co-operates by collection in the field of material 
and data required for the laboratory studies. The 
Section bas, however, continued work on a strain of 
the Yirus collectecl from a loca1 outbreak area. This 
"Uriarra " strain is typical of the many variants of 
reduced viru1ence that have appeared spontaneously in 
the £.cld, and has now been established as the most 
attenuated of these natural mutants. When trans
mitted by contact tl1e Uriarra strain has shown a case 
mortality rate of on1y 21 per cent., though when 
transmitted by mosquitoes its lethality is somewhat 
enhanced. (A satisfactory explanation of this interest
ing observation has not yet been discovered; it is 
possible that a mi..~ture of strains will be involved.) 
The Uriarra strain has proved of great value in 
laboratory investigations for which a virus with a very 
high case mortality rate would be unsuitable; e.g., it 
has been used by Professor Fenner of the Australian 
National University in his studies of the "passive 
immunity" of young rabbits. 

(b) Rabbit Census I nvesl·igations.-The ability to 
assess population densities, and changes in populations . 
due to the operation of control measm·es, with reasonable 
accuracy is of key importance in many of the Section's 
rabbit investigations, and the most promising of the 
available techniques are being studied and checked. 
Satisfactory tagging and dyeing methods have been 
found for the marking of rabbits. Using a technique 
of liYe-trapping, marki.J1g and release, and the standard 
"Lincoln Index" calculations, a census of the popula
tion of individual wanens was obtained with adequate 
accuracy; but. the method cannot be regarded as 
suitable for <lea ling with tl1e total population of au 
area. In many of the Section.'s investigations ( e.g., 
when estimates of mortality caused by myxomatosis 
are required) reliance bas to be placerl on "traverse 
sight counts ". Experiments arc in progress to check 
the accuracy of these counts, and to determine the 
factor~ causing variability which, unless understood, 
make it impossible to improve the technique. 

During the course of the census experiments interest
ing observations were made on predation by little 
eagles and goshawks. These con£.rmecl earlier results 
which showed that birds of prey concentrated on the 
kittens, and that CYen in areas where hawks were 
exceptionally abundant the resulting mortality was 
inadequate to pre,ent the rabbits' rapid increase. 

( c) Sfo{l,ies on Poisoning.-W ork on poisons and 
poisoning is continuing in Tasmnnia, where the Depart
ment of Agriculture is carrying out a large-scale 
campaign using sodiumfluoroacetate (" 1080 "). The 

Wildlife Section has co-operated with the State D.epart
ment in three experiments designed to obtam an 
arcurate assessment of the efficacy of this poison. The 
trials were carried out in completely netted paddo~ks, 
and the resultant kill was determined by the collection 
and coU11ting of carcases and the digging out o~ ev.ery 
burrow. The evidence obtained confirmed the indica
tion, based on widespread practical experience, that 
"1080" was highly efficient; but it also demonstrated 
tl1e need of modifyi11g the technique when poisoning 
operations were undertaken during the breeding season. 
It was found that there was an unsatisfactory kill 
among very young kittens, owing to the fact that they 
did not wander far from their warrens. 

Before progress could be hoped for in the improve
ment of general poisoning techniques, it was found 
necessary to gain a better understanding of the feediug 
behaviour of rabbits under natural conditions. For 
this purpose a number of netted enclosures, each 
several acres in area, have bee11 built on a grazing 
property in the Midlands. For the series of experiments 
now in progress, these enclosures are stocked with 
rabbits at a natural density which are allowed to 
acclimatize themselves before the study of their 
behaviour in relation to " free feed " and poison baits 
is star ted. A surprisin1< mun ber of factors leadin~ to 
disturb11nce and variation of individual behaviour 
have lieen disclosed and some valuable information has 
been obtained, e.g., on the part l)layed by the plough 
furrow, and the niirhtly "build-up" in the amount 
of free feed taken. The Tasmanian experie11ee provides 
a good example of the danger of attemµtin~ short cuts 
in the search for information of practical value. 

3. KANGAROO INVESTIGATH>NS. 

(Wildlife Survey Section.) 
Following preliminary observations and experiments 

mentioned in the last Report, a field station for the 
intensive investigation of the local kangaroo and em·o 
problem has been established at "Woocl;tor.k ", betwc('11 
Port Hedland and Marble Bnr in north-western An~
tralia, witl1 the co-operation of tLe Western Australiun 
Department -0f Agriculture. The programme of 
research, covering practical poisoning trials and 
ecological and behaviour studies, has been laid down. 

4. MUTTON BIRD I NVESTIGATIONS. 

(Wildlife Survey Section.) 
The joii1t investigations with the Tasmanian Fauna 

Board of the economic biology of the mutton bird 
( P11..ffinus tenii-irostris) were continued during the year 
on the Bass St~·ait islands. The intensive study, 
$tarted the prcnous year, of the life cycle of the 
breeding birds was concluded during the current 
season by continuous observations covering the period 
from egg laying in January to the departure of adult 
and young birds from the isla11ds in May. 

_The highligl1t of the continuing observations on 
Fisher Island was the recovery of six birds which had 
been hatched there in January, 1950. As only nineteen 
young birds were reared on Fisher Island in the 1949-50 
season, this represents a retum of nearly 32 per cent. 
In addition four birds of the 1950-51 hatchi110' were 
cl1ockod in. None of these young were identified as 
breeding birds, thougl1 several had brood patches. It 
is hoped that definite evi<lence as to the deO'ree to 
which _yonng birds return to breed 011 thei; natal 
islands will be obtained at next November's field work 
ou Fisher Island. · 

Dn~·ing the seasoi-: under review a study of the 
parasites of m.utt?n birds was undertaken, and an effort 
made to. determrne the .cause of the disease of the 
:voung b1l'ds known as "hmey bird" sicknes.~. 



5. DucKs AND RwH UuJ,'l'lvA-rwN . 

( Wildlife Survey Section.) 
Last year's largely preliminary investigations have 

been consolidated into an intensive programme cover
ing the assessment and ana1ysi~ of economic dama~e, 
tl1e feeding habits ~f tl~e more. unport~nt d~ck species 
occurring in the R1venna, thell" breeclmg biology and 
their l ocal population fluctuations and movements. 
The l ast rice season has been marked by an almost total 
absence of duck depredations. Comparison of con
ditions over the past three years has made it clear that 
by far the most important factors determining the 
d
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egree of depredation by ducks of irrigated rice c1·ops 
in nny senson are those affecting on a large scale the 
br t'eding and_ moveme1~ts of the three most impor tant 
species-the black duck, teal, and maned goose (wood 
duck). A study of the breeding biology of these ~ucks 
in the :M:urru:tnbidgee I rrigation Areas has aocordrngly 
beet! initiated, and with it a programme of banding 
(i•111ging) which should in time provide data on the 
natttre and extent of the birds' movements and other 
points of interest. The Section's biological and band
ing activi ties should tie in usefully with th~ du_ck 
investigations of the Victorian Department of Fishenes 
nnd Game. 

The initiation of the breeding studies coincided 
with an almost complete failure of the breeding season 
in the R iverina. This was disappointing but never the
less enabled some very worth-while observations to be 
mnde. 

T he duck food stu<li!')s, based on analysis of stomach 
contents, l1ave progressed to n stage when the feeding 
habits of the more im1,ortant species, and their changes 
durillg t.he ~l."ason. can he fai rly olcarl;v defined. 

6. IBIS IN VES'l'lGA'l'IONS. 

(Wildlife Survey Section. ) 

·work was confined last year principally to the upper 
l\Iurray Valley and the Murrumbidgee I rrigation 
Areas. The wiclesprend grasshopper plagues enabled 
information to be obtained on tl10 distr ibution and feed
ing habits of ibises in relation to these insects. (?bser 
vations indicated that they and several other species of 
birds turn to this superabundant food supply when they 
happen to come in contact with it, but arc by no means 
dependent OH it. Food stndies have r evealed t be 
following items of diet, listed in the approximate order 
of their abundance in tl1e sumples: crayfish, crickets, 
water beetles, spiders, grasshoppers, centipedes, cater
pilh1rs, foh . frogs, worms, snails, and leeches. 

7. Brnn BANDING. 

(Wildlife Sun ·ey Section.) 
Tbc orgnnization of H national scheme fo r bird band

ing ( previously referred to 11s " ringing") bas now 
been completed in dPtail, the full range of standard 
bands is in hand, bands are already i..J1 use in the 
Section's own invest igntions, and arrangements to 
enroll co-operators and to p11blicize the scheme have 
been made. 

8. M1scEU,AN:Eous l:-iv£STIG,\T10NS. 
(Wildlife Sm vey Section.) 

A number of m inor investigations, invol ving tl.te 
pnr t-time-and often spare-time-attention of mem
bers of the Section's staff, 1iave been initiated. These 
jnclude : (i) r esearch into the digcstfre phj>siology of 
the wallaby. Selonyx brachymns, locally known as the 
Quokka ( carried out in co-opcrntion with the Univer
sity of Western Austrnlia, primaril_y to develop tech
niques which can later be applied to a similar study 
011 the rabbit); (ii) a study of the brush-tailed possum, 
'J'richosu1··us vulpecnlci, in the 01.1.11bena area which i~ 
providi11g duta on population numbers, movement.s, 
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breeding seaauu, illl<l _t.he gro:"th of the young i (i~i) . an 
investigation of the mcnbat1on of the mound building 
mallee hen Leipoa ocellata ( a paper presenting the 
results ore~ted great inter est when read at a recent 
International Ornithological Congress held in -Swit
zerland) ; ancl (iv) work on . the starli_ng, Sturniv:s 
mtl,ga.ris, carried out in the mam to provide the b~~!S 
for advice to bodies (including the Government of F iJ1) 
<1esil-ous of taking action against the bird as a pest. 

XI. Ul-.TDERDEVELOPED REGI ONS. 
1. G ENERAL. 

The normal processes of exploration and pioneer 
occupation have resulted in the rural settlement _of 
most accessible and easily developed par ts of Australia . 
There are, however, large por t ions of the continent 
and the Tenitories which are underdeveloped or only 
very sparsely occupied, by reason of low rainfall, po_or 
soils sparse pastures, inadequate water, and g1•eat dis
tanc~s from centres of dense population. 

It is essential to unde1·stand th e problems of t hese 
areas and where possible to solve them, so that either 
uew developments can take place or the I_Jresent l~vel 
of pr oduction can be protected from unwise exploita
t ion. 

The de~,elopment of northern Australia in part icular 
has been slow in comparison with that of the southern 
1111<1 eastern States. Over 100 years have elapsed since 
the first settlements in the north, yet vast n.rens remain 
unproducti,1e and are still only sparsely populated. In 
1946 the Governments of the Commonwealth, Queens
land, and Western .lustralia founded the Nor thern 
Aust.ralia Development Committee with the object of 
formulating a policy of development for noi-thern Aus
t ralia . The former Council for Scientific and 
Industrial Research was requested to initiate a series 
of land su rveys of underdeveloped regions in order that 
this development potential might be more accurately 
assc~sed. I n consequence, the Northern Australia 
Regional SuTVey established later as the Organization's 
Land R esearch and Regional Survey Section, was 
organi zed to conduct these regional surveys. 

Whilst the work of the L and Research and Regional 
Survey Section is thus concerned wi th the sparsely 
populated arid and semi-ar id regions -of the continent, 
much <!omplementary work is car r ied out by other 
Divisions of the Orga11ization on the development of 
low-producing areas i n the less isolated regions. The 
Division of Biochemistry and General Nutrition is 
in.-estigating problPms of plant and animal nutrition 
on the Coonalpyn Downs in South Australia (sec 
Ohapter III., Section 11), the Plant aud Soils Labora
tory i s stud.r ing the wallum country in eastern 
Queensland (see Chapter III., Section 21), and the 
Division of Soils is making soil surveys throughout 
the Commonwealth (see Chapter II. ) . (Allied work is 
also carr ied out by t he Division of P lant Industry 011 

plant and pastm-e ecology at T raugie, New South 
Wales, south-western Queensland, and elsewhere (see 
C'lrnpter III. ) . 

Land Research and Regio1~al Swrve'l/ Section.-T his 
Section has its head-quarters at Canberra and field 
sta~ions at Katherine, Nort hern Territory, Ivanhoe 
(Kunbcrley, Western Australia), and Alice .Springs. 
Tl1e -~ection is concerned with : (1) the survey and 
m~ppmg of lnrge underdeveloped regions and the 
primary assesslllent of land-use potential ; (2) researob 
mto J?roblcms of aq"riculturnl and pastoral develop
ment rn selected portions of tl1ese regions; (3) olimato
logical studies; and ( 4) research into l and-use problems 
of the arid and semi-arid zone of central Australia. 

During the year the headquarters staff of the Section 
moved int o II new buildiug at Canberra. 



The Ofricor-in-Ul1ur"e of the Section n ttended the 
.h'.A.O. International t:>Rico Commission's Meeting of 
Workin~ Parties in Bangkok in September, 1953, as 
Austrahnn delegate. He has since been nominated as 
per1!1anent liaison officer between tho Working Party 
on Fertilizers of the International Rice Commission 
nnd technical workers in A ustrnlia. 

A lal'ge portion of the underdeveloped areas in Aus
t.ralia lie wit.hi11 arid and semi-arid regions. In order 
that tl10 limited research resources available in Aus
tralia for problems of tl1cse regions may be used to the 
best advantage the Officer-in-Charge of the Section 
has been appointed by the Commonwealth Scientific 
and Industrial Research Orgimization as Liaison Officer 
for Arid Zone Research in Australia. This officer is 
also a corresponding member of the U.N .E.S.C.O. panel 
on Arid Zone Biology. 

2. REGIONAL SURVEYS. 

(Land ]~esearch and Regional Smvey Section.) 
The two regional survey units of the Section con

tinued to operate, one on the mainland of Australia and 
one in the Territories of Papua and New Guinea. 

The main function of each unit is to classify and 
map the lands according to surface characteristics of 
importance in the dotenninntion of land-use potential. 
The second is to make the best possible assessment of 
the possibilities of land use, together with the estimates 
of areas of each typo of country mapped. The surveyo 
provide a basis of facts necessary for the formulation 
of policies concerning land development or conser vation. 

(a) Australian Jlfainland Survey Unit. ( i ) Leich
ha1·dt-Gilbert 11?-ea.-Tbe main efforts of the Unit have 
been concentrated in this area (previously referred to 
ns the Gulf Region) where tbe second season of field 
work is now in progress. It covers nn area of about 
110,000 square miles. The team returned from the 
:first season's :field work in October, 1953, and has since 
proceeded with the exami1iation and interpretation of 
;ier ial photographs, which bas led to the production of 
an interim map. 

In February, 1954, a botanical collecting trip during 
t.l1e wet season was made wit.bin the area. A large 
collection of grasses and herbs, usually in a dead condi
tion at the time of year when surveys are made, was 
obtniJJcd and the specimens havo since been identified 
and distributed to other )1erbaria. 

(ii) Georgina River Area.- Late in 1953 a botanist 
was sent to this area in response to urgent representa
tions by the Animal Indust ry Branch of the Northern 
Territory Administrntion, which was investigating a 
poison plirnt problem then causing serious stock losses. 
Preliminary investigations were made and further work 
is plam1ed with a more complete team at the conclusion 
of the fi eld work in the Leichhardt-Gilbert area. 

(iii) North Kim.berley Area.-During the year the 
Section undertook the interpretation of aerial photo
grnphs and production of a land type map as a 
preliminary to a survey to be under taken in this area 
by tho Western Australian Government. The Section 
will attach two officers to this survey for a period of 
about one month in order to make a more complete 
botanical, soil, and land classification assessment. 

(b) Pap1ui-N ew Chiineci Snrvey Unit.- During the 
yoar the first survey by the New Guinea Unit was made 
'in tho Bmrn-Kokorla area in the Northern Division of 
Papua. 

This survey was largely experimental and princi plcs 
deYcloped in 11orthoi·!1 _ Austral ia bad to be adapted 
to the different cond1t10ns. Nearly all the traverses 
had to he made on foot and this resulted in the i~ivesti
gations being more intensive than thos_e of the marnland 
nnit. To extrapolate the data obtained on traverses 

and also for pro1Jer orientatioi1 in the heavily timbered 
country recent aerial photographs 0£ good quality have 
been found necessary. The field work was conducted 
using photographs taken early in 1951. Arrangements 
have been made to have new Rerial photographs of the 
whole area taken. 

For ease of movement and simplicity of transpol't in 
areas without roads and tracks it has been found 
imperative to keep the team as small as possible and 
the equipment very compact and light. The dense 
tropical vegetation, a great part of whicL bas never 
been identified, presents special p1·oblems in its study 
and classification. 

The survey examined the fertile slopes and alluvial 
plains of the Mount Lamington volcano, the rugg8d 
country of the extinct Hydrographer Range volcano, 
the low-lying flood plains of the Kumusi and Opi Rivers 
a.nd the alll!ost impenetrable peat swamps along the.se 
rivers, the volcanics of the Douglas Harbour plateau 
and the foothills of the Ajura-Kiljala Range, and the 
fertile Yodda valley between the Ajura-Kiljala and 
Owen Stanley Ranges. 

The Yodda valley and tbe Mount Lamington country 
have promising and. varied agricultural possibilities and 
large portions of the Kumusi-Opi River flood plains 
hnve potentialities for rice-growing. The other parts 
rneutio11ed above hnre little or no 11alue for regional 
de,·clopmcn t. 

Provisional maps of the Kumusi River-Oro Bay 
portion of the area have been prepared, showing the 
geomorphological units, soil associa tions, vegetation 
types, and land systems, and an interim report has been 
prepared. Final accurate maps of the whole area will 
be prepared when the new aerial photographs are 
available. 

( c) N anru.-At the request of the Department of 
Territories two officers of the Section visited N aul'U 
I sland in November. As the rock phosphate deposits 
will eventually become exhausted i t was necessary to 
investigate the possibility of other means of livelihood 
for the N auruan people. The aim of the visit was to 
assess in the field both commercial and subsistence 
potentialities, to inclicate the most suitable production 
s;vstcms, 1111d to investigate the possibilities of reclaim
i1!g the worked-out phosphate lands. 

The potentialities are seriously limited by the small 
arcn of snitable land, tho infertility of the soils, and the 
irregularity of r aiufall. Conditions on the island 
'\\ould seem to fa,our varied crop production on small 
individual plots rather than large-scale operations. 
There appears to be no economically justifiable 
possihility for reclaiming the old phosphate lands. 

An unpublished report, on tbe survey has been 
prepared. 

3. AoRICUL1'Ull,\L RESEA.non IN NORTH A usTRALJA. 

(Land Reseatch and Regional Survey Section.) 
( a) Katherine Research Station.- In addition to 

research by the Land Research and Regional Survey 
Section in to problems of dry land agriculture, the work 
of this st.ation includes a programme of testing plant 
introductions and investigations into the possibilities of 
tobacco growing conducted by ~he Di,1 ision of Plant 
Tndnstry (:seo Chapter III., Sect10n 8). 

(i) Croz>s.- Rainfall for the season was charac
terized by heavy fa Us at the beginning and the end of 
the seaso11, with frequent droughts between. There 
wC'1'e in fact five breaks, varying from 14 to 30 
clays of hot dry conditions. Theso droughts adversely 
affected crop production, and damage was accentuated 
by tlrn heavy rains at the end of the season. 
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Yields of individual crops fluctuated markedly 
between the different experiments, but the better yields 
were well up to average. Thus peanuts and sorghum 
both gave yields in the region of 2,000 lb./acre, whilst 
cotton exceeded 1,000 lb./acre ( seed cotton). Sorghum 
appeared t o su:ffer most from the recurrent droughts, 
and the grain harvested is small and pinched. It has 
been observed in previous years that the size of grain 
produced at K:ttherine is small, and yields appear to he 
related to grain size rather than to the number of 
grains. 

Sunflowers J·eactccl sererely to the variable weather, 
b~t in spite of this justify further examinatiou . Trials 
with safflower and maize showed that these crops wore 
not suited to the region. 

(ii) Fe.rfilizers.-Work 1s concentrated on the 
effects of phosphate, 1\lld on the relative merits of 
superphosphate and rock phosphate. Although the 
soils arc 1ieutral in pH, rock phosphate is showing 
promising responses. The marked residual effects of 
superphosphate noted in previous years is being 
examined. 

(iii) Soil .llioisf.tire Studies.-Difficulties in establish
ing crops have directed attention to moisture studies 
in the upper layers of soil. The top t.\Yo inclie:: ~liO\\·, 

n rapid rate of drying, and also a marked diurna l 
variation in moisture content which may have 11 
deterrent effect on seed gcrminntion. It would appear 
necessary to plant seed below this zone for safety. This 
cannot be done with small seeds such as grnsscs, and 
attempts are being made to reduce germination diffic;ul
ties by sowing such seed into a nurse crop. 

(iv) 011ltivalion and Tillage Prcictices.-Tlrn 
importance of prc\·cnting surface seals through rnin 
has again been evident It was earlier believed that 
tliese seals functioned largely by preventing the pene
tration of rail1fall into the soil, but further work bas 
indicated that aeration may play a very important 
role. 

Weeds, which were a relatively unimportant factor 
in tlrn early days of the station, are annually assuming 
increasing importance. Improved general levels of 
fertility would appear to favour the gramineous weeds. 
The most troublesome weed on the station is the black 
or giant pigweed (T1·ianlhema sp. ). 

(v) Disease.-Orops during the present season have 
been mainly free from disease. The drought-induced 
"charcoal rot", which severely affected last vcar'$ 
sorghum did not cause damage to this crop this season. 
The only crops affected to any marked extent were 
t.hose of Phaseol1ts spp. P. aiweus appears to l)e much 
less susceptible to drought-induced disease than 
P. rn'll.ngo or P. acutifol·i11s. 

(vi) Native Pastures.- Studies on the composition 
of the native pastures in relation to climatic variation~ 
and to grnzing have shown that it is the perennial 
species which were adversely affected both by drought 
and by grazing. The yield of annuals remains in the 
rngion of 100-1 50 lb. dry matter /acre. There has been 
a marked rcco,,ery of perennials in the current season, 
and total pasture yields are of the order of 1,200-1,500 
lb./acre. 

Factors governing the _introduction_ of Cenchn1s spp. 
and Stylosanthes rnndaica (Townsville lucerne) into 
native pastures are bein~ investigated. Evidence avail
able suggests that establishment can be obtai11ed only 
in very favomed localities. 

(vii) Sown P asfores.-Survival hns been adopted 
as tl1? fast. criteri?n for preselection of grasses. An 
expenment 1s now rn progress on the effect of differences 
in stnnd density and in fertility level on production in 
a group of selected grasses. 

Experience with pure swards of grass has shown that 
al thourrh reasonable production may be expected in the 
year of establishment,_ suc?eeding _year~ are chara~
terized by marked detenorat10n. It 1s behered that this 
is a,ssociated mainly with a deficient ~itr_ogen_ supp)y. 
Attempts are being made_ to remedy _tlu~ _situation with 
the aid of legumes and 111trogenous fcrt1l1zers. R esults 
11·ith mixed grnss-legume pastures ha ve not been 
promising so far. 

Townsville l ucerne is showing promise -\\'hen ~rown 
il1 pure st.a11ds. Yit"lcls of dry matter approachmg 3 
tons/a<·re ha\'e been obtained, with a protein content 
almost three times tl1at of the dry natural pasturns. 
S npplementa1·y feeding experiments with Townsville 
luccrnc are now in progress. 

(b) Kimberley R esearch 8talio11.-(i) Orops.
S119arco·ne.-An encomaging feature is the success of 
earlier plantings and of ratoon crops. A :first ra.toon 
crop of nine varieties cut at thirteen months averaged 
27-29 tons/acre, almost 3 tons/acre better than the 
plant crop at ten months. The leading variety, Pindar, 
gave 30.5 tons/acre and a total of 74.5 tons for the two 
,vea rs. Hand refractometer tests and actual sugar 
determinations have both indicated very satisfactory 
, ugar rontents in these canes. Plantings made during 
.:\ pril to .J unc last, in a time of planting trial, have 
g-rO\\'Jl particularly well, and should give good yields 
when the canes are cut at 13-14 months. 

Rirl'.-Thc more 1)1'omising selections from over 200 
vn r irties introduced from tropical and subtropical 
i::oui·ccs ha\·e again been tested along with commercial 
v:ni<'t;cs from the United States of .America and from 
tl1e :Hmrumhic.lgce Irrigation Areas. It has been 
eonLirmcd that these latter strains are not adapted for 
rnn•in,., ,· p;rowth in the Kimbcrle.vs, and that tropica1 
\·ar;d:::is from 'Malaya, Burma, East Afrira, and Indo
nesia appear well adapted. Good yields have been 
obtained witl1 mult.iplication pl ots of some of these 
tropica 1 varieties. 

.Snfflowe1·.-Yields in the past season were below 
those obtained iu pre.Yious seasons. Fertility factors 
related to the previous cropping of the soil are believed 
largely responsible. Time and soil factors may exclude 
this crop from a successful short rotation with the long
term varieties of swamp rice. 

Other Orops.-A dry season (,vinter) irrigated crop 
of Kondut wheat, mechanically harvested 107 days 
after brairding, gave a yield of 34 bushels/acre. A 
wet season crop of peanuts and a dry season crop of 
.ounflowers gave only moderate yields. An appraisal 
b,v commercial processers of tho various varieties of 
pra nn ts u11drr tria 1 ha s shown t.lrn t only one is in any 
1\·a,v comparable with the standard Virginia Bunch for 
confectionery purposes. Sunflower varieties are being 
selected for nniformit:v of height and maturity and for 
non-shattering heads. Further srnaU t rials with the 
:fihres kenaf, roselle, jute, and cotton were made. The 
stnndard varieties of cotton from Queensland were 
snuerior to the introductions, but yie1ds were con
sidcra bly reduced by boll vest&. desnite rigorous spray
in~ and dnstina; schedules. Small plots of tobacco 
grown on the le;·ee sh owed considerable promise. 

(ii) Fertilizer Exveriments.-It is b ecoming clear 
that after an initial phosphorns deficiency has been 
overcome, nitrogen is the most important limiting 
factor in the growth of sugar cane and µ;rasses. With 
~u"'ar cane. the r atoou croJ) annear s to r equire more 
than the J)lan t r rop. Pastures respond well to additions 
of nit.rogen, but the responses Are enbemeral. Rice 
111mears to require rrgula r supplies of both phosphatt·~ 
nnd nit.rogen. 
. ( i\i) lrri_qat~n.-Com pa ring 12 a n<l 2'1 day water
rng mtervalR with dry season rt·ops of safflower and 
~orglrnm, the shortAr interval gave approximatel,v 20 
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per ceut. higher yield. Tho water requirement of rice 
_(including raiufall) has been found to be 75-80 acre
rnch. 

(i~) Diseases.-The main crops, sugar cane and rice, 
remained remarkably free from diseases. Peanuts were 
less t roubled by crown rot than usual a consequence 
ascribed to the maintenance of an' adequate soil 
moisture level. Many kenaf plants showed symptoms 
of a virus disease. 

(v) Pests.-!J. rice stem borer, identified as 
Schoenobius chrysorrhoa Zeller, has caused significant 
damage to the crop. Contrary to pre11 ious experience, 
the attack began at a ,·ery early stage of plant g rowth. 
-Grasshoppers reached plague proportions and did cou
~idernble damage to almost all crops, as a continued 
rnflux of boppers from surrounding areas hampered 
control. 

(vi) Pasfores.-:\ fter three years' establishment 
and two and a half years' intermittent grazing, pasture 
grasses appear to be stabilizing at a low l evel of pro
ductivity. Guinea grass and Andropo,r;on gayanus are 
the most produeti vc of the grasses under grazing treat
ment. C'litoria tematea remains the only legume 
showing any promise in pastures on tLe clay soils, but 
it is not nearly so active in winter AS in summer . It 
benefits the talle1· grasses, resul ting i n more and 
greener grass, bnt this cHect is mnch less marked with 
the shorter grasses. 

4. CLI'\\[AT•OLOGY. 

(Land Research and Regional Survey Section.) 

During the year the climatology unit bas· continued 
to provide general climatic information to the survey 
and agronomic units of the Section. Reports on the 
climates of the Leichardt-Gilbcrt area and the Buna
Kokoda a1·ea havt' been preJJared. A detailed study 
of the elimate at Ivanhoe, Western Australia (near 
the Kimber ley Research Station) which will have 
direct application to the research program.me at Kim
berley has also been commenced. 

Further studies on the moisture characteristics of 
soils from the aspect of water availability for plant 
growth have been made with t he col1aboratiou of the 
Division of Soils. The narrow available moisture 
range of Katherine soils has been largely attributable 
to the kaolinitic nature of the clay fraction. Soils 
with similar characteristics are widespread in mon
soomll Australia , and it is probable that the feature 
of a 1rnnow avail a blc moisture range will likewise be 
widely distributed. This is currently under investiga
t ion. A furthe1· study at headquar ters is an examina
tion of the potentialities of a pqrtable capacitance soil 
moisture meter designed in the Division of Plant 
Industry. 

One of the more important projects proceeding at 
Katherine and Kimberley in collaboration with officers 
stationed at these centres concerns the extent of 
moisture losses from fallow soils during the dry season. 
This work is being spread over two years to examine 
the relative losses from soils which commence the dry 
season with moisture levels at approximately field 
capacity and those which are at approximately the 
permanent wilting percentage. A further study at 
Katherine is being made to follow changes in soil 
moisture status throughout the year under an a rea 
of natural pastures. At Kimberley studies on water 
use by sugar cane have been continued. 

F rom experimental results already available on 
rates of water usage by various plants, investigations 
into the development of better climatic indices are 
proceeding. The main emphasis in this work is on the 
clecreased' rates of transpiration which obtain when soil 
moisture levels are depleted and moisture becomes less 

available to plants, rather than on the maximum 
transpiration rates which occur when soil moisture is 
freely available. 

5. Amo Zo:NE RESEARCH. 

(Land Research and Regional Survey Section.) 

The arid and semi-a rid zones of Australia support 
large numbers of sheep and cattle even though the rate 
of stocking per unit area is low. It is of importance 
to maintain these areas at as high a productive level 
as possible and to raise this where practicable. 

An officer has been stationed at Alice Springs since 
December, 1953. The main fields of investigations at 
this centre are : (1) ecology of native pastures with 
special attention to their management and maintenance 
under grazing ; (2) ecology of introduced species in 
arid areas in relation to the possible modification and 
improvement of native plant communities. It is 
in tended that this in nstigation will eventually be 
extended to cover the whole transect from Alice Springs 
to Darwin iu which a wide range of climatic and 
edaphic environments occurs. 

A reconnaissance survey of the native vegetation 
of the Alice Springs area has been commenced in the 
pastoral districts south of the MacDonnell Ranges and 
west of the main Adelaide-road. This is being 
extended to the Bur t Plain, uort:h of the r anges. 

XII. FISHERIES. 

1. GENERAL. 

The acqualic resources of A ustralia, including whales, 
the more important commercial fish, crustacea and 
shellfish, and seaweeds, require study to ensure their 
economic use and, where necessary, their management 
to prevent depletion of stocks. Fundamental to this 
study is an examin ation of tl1e environment to ascertain 
the variations iu oceanographic and estuarine condi
tions which affect organic productivity and are to a 
large extent responsible for fluctuations in fish 
occurrences. Through its Division of Fisheries the 
Organization provides facilities for tl1ese studies. 

Division of Fisheries.-The D ivision of Fisheries is 
concemed with research into the important aquatic 
resources of Australia . This research may be con
sidered under the following headings:-

( a) the study of the biology of whales and the 
more important of the commercial fish, 
crustacea, and molluscs; 

( b) the study of the oceanic, estuarine, and fresh
water environments in which fish occur. 

D uring the year the studies have again been restricted 
to coastal wa tors because the Divisio11 has only two 
small research vessels. Consideration is being given 
to the provision of a trawler tyJ)e oceanographic vessel 
to extend the work seawards. 

The head-quarte1·s of the Division is at Cronulla 
New South Wales, and during the year teams als~ 
oV~erat~d atHTbursday I sland, Queensland; Melbourne, 

1ctona; obart, Ta,smania; and Perth Western 
Australia. At the end of the year the Division with
drew its officers from Dunwich R esearch Station on 
Stradbroke Island, Queensland, on completion of the 
greater portion of local studies there. 

During the year fou r officers made overseas visits 
and shared . Divisional represe~tation at the Copen
hagen mectmg of the International Council for the 
Exploration of the ~ea, the_ IntP;rnational Lirnnological 
Congress at Cambndge Umvers1ty. the Pacific Scien~e 
Co1~gress ancl a pre-s~ssi~1rnl Conf~1:en~e arranged by 
U."N .E.~.C.O. at :Manila rn the Ph1hpP1nes, to rliscms 
an Institution of Oceanography in the Indo-Pacific 
area, a Conference on Marine Corrosion at Berkeley, 
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Rnd n OoJJJ~reucc 011 Biol uminusceucil al A!!ilournr, 
Oalifo1•nia. A six-months' visit by one officer to Scripp!1 
Institute, La Jolla, was made possi ble by a Rockefeller 
grant. An officer also visited the .Honolulu laboratory 
of the Pacific Oceanic Fisheries Investigations of the 
United States Fish and Wildlife Service, and partici
pated in a tuna survey in equatorial waters. 

'l'linnks are dlll'l to the Universities of Western 
Atlstralia and Sydney for laboratory accommodation, 
to the Universities of Adelaide, Queensland, and Sydney 
for ready help, to all State Departments of Fisheries 
for general co-operation, and to the Western 1.\ustralian 
Department of Fisheries for permission to share a 
recently-acquired field station on R ottnest Island; also 
to the Tasmanian Salmon and Freshwater Fisheries 
Commission and the Mount Field National Park Board 
for assistance with trout investigations in Tasmania. 

The assistance given by Whale Products Pty. Ltd., 
the Australian Wha1ing Commission, the N orwest 
Whaling Co., and Whale Industries Ltd. is gratefully 
acknowledged. Thanks are also due to the Royal 
Australian Navy and to Huddart Parker Ltd. for 
assistance with the collection of sea-water samples. 

2. OPE.RATIONS OF RESIMRCJI VESSELS. 

(Division of Fisheries.1) 
(a ) F .R.V. Derwent Hmiter.-Four cruises froru 

the home port of Hobart were made. Preliminary 
results of the surveya m11de are summari7.ed e1sewhcre 
in this Report. 

(b) F.R.V. Gahleru.- The F.R.V. Gahlcru. com
pleted tweh·e short crniscs during 140 days at sen . 

3. WHALING. 

(Division of Fisheries.) 
The proportion of female humpback ,vhales in the 

catch at Point Cloatrs station, Wes tern Australia, rose 
from 46.7 per cent. in 1952 to 48.2 per cent. in 1953; 
and at Tangalooma, from 25.1 per cent. in 1052, to 
27.3 per cent. in 19~3 . . Measurements of mature ,ylrnl~s 
at Point Cloatcs md1cated that sexual maturity 1s 
reached at 36 ft. 9 in. in males and 38 ft. 6 in. in 
females. At P oint Oloates a female humpback in the 
early stages of lactation, together .wit~ it.s new-born 
calf and a young female 31 ft. 4 m. m length, were 
taken by special permission for scientific purposes. 
An impor tant observation made was that the mature 
female had ovulated again shortly after giving hirth 
to its calf. 

At Tangalooma station on :Moreton Island, Queens
land, a close study of ~he ovarian cycle was continued 
and many sample sections of corpora lutea were pre
served. A strong correlation was noted between the 
two types of corpora lutea and the state of prognancy 
and non-pregnanoy; and a further nine early embryo~ 
ranging in size from ¼ to ~- in. were obtained. 

Aerial observations made on the W estem 11.ustra
lian coast on the direction of migration of about 800 
humpback whales, and on the presence of new-born 
calves gave similar results to those recorded in 1952. 
'l'wo ,~hale marks were recovered during the season, on~ 
from a humpback tagged in 1936 in position 60°01'8., 
80° 55'E. and recovered at Point Cloates ; the other 
from a humpback tagged on the central New South 
Wales coast on July 7, 1953, and reC'.ovewid at Tanga
looma six days later. 

4. SEA FISHERIES. 

(Division of Fisheries.,) 
(a) Barracouta ( Thyrsites a tun) .-The year 1052-53 

saw a continuation of the adverse fluctuation of the 
pi'evious two years in the barracouta population of 
Bass Strait, and a return to uormal ( after the decline 
which occurred in 1951-52 onl:y) in the availability of 
the population of eastetn Tasmania. 

Harracoutn prefer waters al 13-18° (.}. aud generally 
disappear from an area w~en .it be~omes colder (e.g,, 
Bwss Strait and Tasmama m wmter) or waTmer 
(e.g., New South Wales in summer). 

An attempt was made to check a hypothesis that 
the barracouta of the Bass ~trait. and eastern 
Tasmanian populations p~ss the ~inter m the warmer 
waters east of Bass Strait, but rt was apparent that 
trawlin,,. would be needed to revea1 the true extent of 
barraco~ta occurrences in this area. 

Work continued on the distribution and growth of 
immature bnrracouta aud on the seasonal cycle of 
feeding and growth i11 adults. 

(b.) School Shark (Galeorhi:1us austra~is) ~nd 
Gummy Sharl~ (Emissola antarctica) .- The rnve~tiga
tion of school shark is being concluded. Recoveries of 
tagged sharks continue to confirm deduction_s about t~e 
slow rnte of growth and widespread wandermgs of this 
species. .Altogether 270 tags have been returned, 
including 14 showing migration to various South 
Australian waters. The widespread movements of 
tagged sharks have proved conclusively the existence 
of a single stock of school sharks in the waters of 
South Austrnlia, Victorin, Tasmania, and Ne,l/' South 
Wales. 

The overall migration pattern determined from 
tagging and fishing shows that the main body of the 
stock is dispersed throughout the waters of the four 
States; but at the approach of winter, when the inshore 
waters of Victoria and Tasmania begin to cool, the 
majority of sharks there tend to move either northwards 
towards the warmer waters of New South Wales and 
South Australia or out to the edge of the continental 
shelf. There is a leisurely return southwards and 
inshore again diHing the . late spri11g months of the 
year. 

Most juveniles born in the sheltered bays and 
estuaries remain there until the late autumn before 
moving to the adjacent deeper waters. They return 
inshore to the estuaries and bays again during the late 
spring. This inshore phase of their lives lasts about 
three years, after which they leave to enter the stock 
iu the open waters where they are fished commercially. 

Two hundred and fifty-fore gummy shark were 
tagged during the year. 

( c) Demersal Fish of the Oo1itinental Slope.-Deep
sea longlining was continued periodically in south
eastern waters. There is an indication of a winter 
migration into deeper waters, this being most apparent 
in the movement of Hyperoglyphe porosa. Though 
the records of gonad stages are incomplete it is apparent 
that Hyperoglyphe porosa and Mora mora are summer 
and winter spawners respectively; no clear evidence fa 
rrvailable for Genypterns bla.cocles. 

(d) Tuna.-A divisional offil!er spent three months 
with the Pacific Oceanic Fishery Imestigation 
Organization at Ilololulu, studying its investigations 
into all phases of tuna biology and tuna fishery develop
ment. Usillg knowledge gained, 11 :first cruise by an 
1.\ustralian research vessel in oceanic waters was 
planned and took place in F ebi-uary, 1954. 

The 1953-54 tuna season on the southern coast of 
New South Wales was the most successful since the 
inauguration of the tuna industry. The live-bait and 
pole method of :fishing as carried out by four boats 
produced 50 per cent. of the catch, whilst 50 trolling 
boats acconntecl for the remainder. 

( e) A 1istralian Salmon ( Arri pis trutta) .-A detailed 
histological study of the reproductive cycle of the 
western sub-species of the Australian salmoll. has been 
continued, and already indicates that reports of lar&e 
spawning fish in South Austrn1ia probably refer only 



to mature male .fish; mature females have not been 
found an<l there may be no effective spawning in this 
area. 

A_ comparison of the gonads of the Western Aus
tralian and South Australian fish at the end of autumn 
sl:ows similar degenerative changes in both groups 
of fish. An examination of the le11gth frequency data 
of the so-called " large " :fish in South Australia 
indicates that they are of similar size to the smaller 
age-groups of the W estem .Australian commercial 
fishery. A total of 4,000 salmon have now been tagged 
in South Australia and from these 175 tags have been 
recovered in local waters. In Western Australia 150 
salmon were tagged to confirm the iinnual spawning 
movement, and two useful recoveries were obtained. 

(f) Rv;ff (Arripis georgiauus).-Tagging results to 
date indicate that the behaviour of this closely related 
species is identical with that of the western sub-species 
of Australian salmon, and have con~rmed that there 
is a single homogeneous population extending from 
Western to South Australia. Of 1,200 :fish released in 
1952 in South Australia, nine recoveries were obtained 
in Western L\ustralia. During 1953-54, 4,600 fish 
were tagged in South 1\ ustralia and flll'ther tagging 
was done at Bremer Bay and Cheyne Beach in W cs tern 
Australia just before the spawning season. Several 
recoveries from these releases indicated that £sh moved 
to the Fremantle area wl1icb is co11sidered to be the 
spawning centre. 

~ 

(g) Trawl F'ish.-(i) New South WaZes.-Investign-
tions have continued to centre nround the analysis of 
available catch and effort statistics and the routine 
sampling carried out in tbe Sydney Fish Market. 

Fo1• the tiger flathead (Neoplatycephal11s richard
soni) the aim bas been to prepare results for integration 
and comparison with past data. During the last four 
to five years there appears to have been a trend towards 
the handling of a decreasii1g perce11tage of larger fish 
(35 cm. and over) and an increasing percentage of 
smaller fish (below 3!3 cm.). 

In conjunction with the New South Wales Fisheries 
Branch and with tho co-01leration of a number of 
Danish seiner owners, prcliniinary tests were made on 
the escape of tiger flathead from the cod·en<l of a 
Danish seine net. The tests involved the use of 
covered cod-ends. The results indicate that a 3¼-in. 
mesh i11 the cod-end of Danish seine gear would act as a 
saving device by allowi11g the escape of a large percen
ta[{e of unclcrsi7.ed -fish. Such a cod-end gives a 50 
per cent. selection point very close to t.he existing New 
South Wales minimum legal length of 33-cm. (13-in.). 
Steam trawling companies declined to co-operate in 
making similar tests with otter trawl gear. 

Ono hundred and foU1·teen tiger flnthead were tagged 
off Ulladnlla ii1 March, 1954. To elate no return is 
recorded. 

Data on the morwoug (Nernadactyfos macroptents) 
a 11d naimygai (Tra.ch-ichthodcs affinis) continue to 
n 1:cumulato and await analysis. 

(ii) Vict01·irt.-The fishery by seine net depends 
111,1i111y on tigc.1· AathPad. Some routine sampling has 
lwon done in tho :field nnd at the Sydney Market. 

A tagging programme was initiated in August, 1953, 
ii nd 626 tiger flathead have been tagged and released 
0ff Lakes Entrance, but few returns arc yet to hand. 

(h) Fil.chard (Snrdinops neopilchardus) . - Com
mercial interest in pilchard fishing in Western Aus
tralia has diminished because of the low effective 
demand for tho fish. In New South Wales waters 
efforts were made to check a hypothesis that pilchards 
a~-e abu1,1dant below the surface, and sufficiently fat to 
he profitably rednced into oil and ;6sh meal, in the 
,;nmmer montl1s. Results obtained in January, 1954, 

in the Port S tephens,Newcastle area were highly 
satisfactory. Although shoals were not seen at the 
surface they were readily detected in abundance by 
echo-sounding, and all of the large samples taken by 
drift net -consisted of large fat fish. Oil content 
ranged from 11 to 17 per cent. by weight of raw fi&h 
(compared with 1-5 per cent. in winter) which would 
permit of pron.table reduction if sufficiently large and 
l'egubr catches could be made. 

,:; • .EsTUAIUNE FraH. 
(Division of Fisheries.) 

(a) Lake litfacqnarie (New South Wales) Survey.
Estuarine fish studies in the past have been concerned 
with the biology of individual species. A study of a 
mixed fishery as a whole has been lacking. Such a 
study of the relative abundance of spocies and their 
i11tcraction commenced during the year in conjunction 
with environmental studies -011 the hydrology, micro
biology, and planktology of the lake. The study on 
tho fi ~h commenced iu January, 1954, The first few 
months were occupied in construction of gear and the 
testing of methods. Full-scale work commenced in 
May. By tagging very large numbers of fish it is 
hoped to obtain a mca·sure of the fishing rate as well as 
data on movements and growth. It is evident that 
school fish such as mullet aud tailer are plentiful in the 
lake but ground fish are relatively scarce. 

(b) Mullet (Mugil cephalus) .-Mullet were tagged 
in Western Australia and Queensland during the first 
six months of the .vear and in South Australia during 
tlw summer of 1!)5-!. The hypothesis that large mullet 
move out of the south-western estuaries and move north
ward has been supported by the recapture at Geraldton, 
Wes tern . \ustralia, of several :fish tagged in Lesche
uault and Peel Inlets. In Queensland, tagging was 
confineu to tho northern end of the mullet run to learn 
whetl1er individuals make a return move southward$ 
again after spawning. In .South Australia, mullet were 
tagged in the north-western waters of the State to see 
whether the stock of this area are autonomous or con
nected with either the eastern ,or western stocks. A 
systematic: review of the mullet (Mugilidae) of 
Australia indicates the presence of seventeen species 
referable to nine genera. 

( c) Barram-undi (Latcs calcarifer) .-One thousand 
barramun<li were tagged aloug the Queensland coast 
between Gladstone and Proserpine, about half of them 
being rescued from drying water-holes and released in 
adjacent ri,,ers. Mnny thousands of :Ssh must be 
destroyed caah year by being stranded in such water• 
holes after tbe flood season. Barramundi have been 
found in all the rivers and creeks north of Mary
horongh and along the Gulf coast. They appear to 
prefer slow-moving muddy waters and to be tolerant 
of high sus pensions of silt, being taken only as far out 
as the mud line. Rii,te of growth studies are continuing. 

(d) Whitebait (Lovettia seali).-The catch and 
effort records of the :fishery of the northern Tasmanian 
population indicate that the availability of :fish was 
fairly stable at a low level, approximately 20-25 per 
cent. of that of the best recorded year 1946

1 
over the 

tl1ree seasons 1950, 1951, and 1952. It had been hoped 
tlHtt the closin!\' of the :fishm·y in 1949, following the 
depletion of the population which became evident in 
J 948, would Jrnve bropght about some recovery. How
ever, thero were s.igns of recovery in the 195S season 
and the season of 1954 will be watched with interest. 

(e) Fi.sh Oulture.~Aclvice has been give11 to several 
persons seeking information on the culture of mullet 
-and bream in estuarine lagoons. The D ivision is at 
present doing no active work on :fi~h culture because 
jt was decided that the cost of salt- or brackish-water 
fish culture would he p1·ol1ihitive with high Australian 
labour costs. 
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6. FRESHWATER FISHERIES. 

(Division of F isheries.) 

(a) Troiit I nve~ligat·i~ns ( T a's1nania) ._-This work 
is nearing completion as far ~s the_ collect10_11 of factual 
data and their inter pretation m relation to t he 
admini.c;tration of the fishery are concerned. 

Examination of collections of scales from various 
north-west river s has provided evidence of a con
siderable degree of natural spawning. 

In Lake Leake in June and July last year; 1,270 
brown trout were examined at the spawning run, and 
during August and September 720 rainbow trout were 
studied. In addi tion, OYer 400 fish of both kinds werP. 
taken by gill-nets from May to September. The net3 
were set near the outlet of the lake and all fish taken 
were marked for future identification, the object being 
to discover what proportion of fish appeared in the 
run up the Snow Rfrer, and hence to get evidence as 
to the extent of spawning in the shor es of the lake. 

In Great L:tke over 3,600 brown trout were taken 
in the Liawence Canal from :May to July, aud 720 
rainbows ,rerc taken durin" Scptt>mber and October. 
The condition of the fish in ''the lake remains r elatively 
poor and confirmation hns been obtained that growth 
ceases after fish spawning, although in the early year.5 
it is good. In an effort to discover ho\\' far this co11-
dition results from the fish being completely land
locked a munber of fish were transferre.d from this 
lake t~ the Der went River and tagged. It is hoped 
to recover some of these fish in the Plenty River fish
!l'ap, through whic11 about 370 fi sh pa$sed from April 
to J ul_y on t he spawning run. A downstream fish -tr ap 
which is being installed should establish the extent 
of the success of natural spawniug by taking young 
fish migrating to the river. 

(b) Ji'reshwa/.er J?ish Ottltnre (Tasmania) .-Suffi
cient information has been obtained from recaptured 
trout to show tha t growth has improved as a result 
of the emichment of Lake Dobson. Zooplankton is 
still abundant and the spread of plants continues, 
although it is two and a half years since the lake was 
artificially fertilized. 

The artiiicial lake near Deloraine has made possible 
the study of conditions in a body of water created by 
flooding the natural l and sur face. This will have 
application to the new bodies of water formed by the 
activities of the Hydro-electric Commission. Since 
it has been stocked with fish at a known rate, and can 
readily be drained, it will provide valuable information 
as to the rate of growth and natural mortality of :fish 
in such a body of water. 

It is intended to stock four dams as soon as 
p racticable and, by retaining one as a contr ol, to follow 
the growth of the -fish under varying conditions, with 
and without the addi tion of fertilizer . The object of 
the work is to discover the most economical and 
practical method of stocking for farmers. 

7. Cu.usTACEA , \ ND S1rnLLFISH INVESTIGATIOKS. 

(Division of Fisheries.) 

(a) Western Aiistral•ian Orllyfish .-Duri.ng 1953 the• 
continuous fishing t est of 194S at the western reef of 
t.he Pelsart Group, Houtman's Abrolhos, was 1·epeated. 
The total catches of the two tests ,,·ere : males 2,878, 
females 2,162; and males 1,480, females 1,275. All 
the crayfish taken i11 1953 were marked aud released 
outside the test ar ea. W ith several exceptions, r ecap
tures iJ1dicated movements limi ted to 102 miles. T he 
comparison of the results in the two years is being 
prepared for publication. 

Length-weight studies were continued. To test the 
effect upon the density and gr owth rate of smaller 
r.r nyfisl1 of the absence of larger crayfish in a given 

area, a ground approximately 60 by 20 miles was 
opened to intensive fishing operations by the Wes tern 
,'-.ustralian Depa1-tment of Fisheries during 1954. It 
will be closed during 1955 and resampled in 1956. 

Monthly gonad sampling was commenced at fishing 
gr ounds between Geraldton and Hamelin Bay, and 
from these investigations it is hoped to determine 
wl1ether spawning in this species is annual or biennial. 

(b) 1'1·awns.- Further surveys were carried out with 
promising results at Sh-ark Bay, Exmouth Gulf, and 
Cockburn Sound, Western Australia, on board the 
State Department of Fisher ies P.V. Luncelin. 

Three species of large pe1iaeid p r awns occur in 
Westem Australian coastal waters. Penaeus latisul
cal'us, the blue-back prnwn (related to Penaeus plebejus, 
the king prawn of New South Wales), grows to 8 
incl1es and occurs from Bunbury to Exmouth Gulf. 
Penaeus esculenfos, the tiger pr awn of New South 
Wales and Queensland, grows to 10 inches, and occurs 
from Shark Bay to Exmouth Gulf and beyond. 
Peuueus mergttiensis, the pink prawn, grows to 8 
iuches, and occurs in Exmouth Gulf. 

Lt ad<lition several species of 111 etapenaeus (greasy
back pram1s) occur in Western Australian coastal 
waters. 

(c) Oysters.-Sydney Rocle Oyster (Crassostrea 
connuer cialis).-D ur ing the year an officer of the D ivi
sion v isited oyster growing areas in Italy, France, 
Holland, Great Britain, and the United States of 
America. Advantage was taken of a visit to Paris 
to inspect Lamarck's types in the Par is Museum. As 
a result some uncertainty in the naming of Australian 
oysters has been r emoved. A taxonomic review reveals 
the presence of ten native and one imported species, 
r eferable to thr ee genera. 

(d) Scallops.-Diving investigations again indicated 
an area of concentration of marketable scallops; this 
ar ea was subsequently wol'ked for almost a month by 
the main scallop fleet of 40-50 boats, almost 100 tons 
of c1caned scallop meats (representing 9,000,000 
scallops ) being taken. D i,ing was also <lone on the 
,rcstern side of Freyciuet P eninsula and scallop grounds 
were located. It was 11oted that numbers per square 
yard on this ground declined rapidly in depths greater 
than 7?-S fathoms. 

( c) Pearlshell.-The collection of biological data. on 
Pinctada ma,:i,-ima, P . margaritifera, P. vulgaris, and 
P. sugillcila was continued at the Thursday I sland 
station. 

The collection of spat of P . ma,,;ima is obviously 
essential if shell culture is to be established. T hree 
very small specimens of l'. maxima were found on 
culturn cages in March and four small specimens on 
2,000 older specimens br ought up by divers of F.R.V . 
Gahlent. An investigation of the mainland gro1mds 
shows good quantities of 1+ and 2+ age groups hence 
it must be concluded that o+ age group have n~t been 
collected on the ground because they are invisible or 
otherwise unavailable to the divers. F tu ther evidence 
on this subject will be sought. 

P. maxi·ma reaches full gonad maturity in November 
and December and spawns in January and F ebruar y . 
P. mtlgaris and P. sngillata spawn in April and there 
arc i11dications of a minor spawn111g peak in August 
and September. 

Experiments are beiug continued to determine the 
exact age at which sex change occurs and much work is 
being done on the histology of the gonad. 

A series of 900 tagged P. ma:i.-im.a have been set out 
on the mainland ground. These will be collected after 
twelve months to deter mine growth rate under natural 
conditions. Ar tificial fertilization of gametes was 
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accomplished in P . 11uixi1na and P. su,giltata. A small 
percentage of the fertilized ova survived to the ciliated 
l!irval stage and one larva was obtained. 

8. fou'l'HYOLOGY. 

(Division of Fisheries.) 
(a) Reference Cataiogue of Australasian Fish.-The 

comprehensive catalogue which was started several 
_years ago has been kept up to date and now covers 
more than 2,700 species. .An index to photographic 
negatives lrns been incorpon1tcd into the cross-indexing 
system. 

(b) H andbooh of Ceylon Pishes.-As a project under 
the Colombo Plan, a comprcltcusive illustrated hand
book on and key to the 850 recorded marine and fresh
water species of ,Ceylon bas been completed, and has 
been accepted by the Department of External Affairs 
for publication and distribution to the governments of 
tl1e countries of South-east .Asia. 

( c) Oheclc-list of New Giiinea Fish.- This list, 
covering 1,312 species, is being prepared for publication. 

The identification of the fish material co11ected in 
New Guinea waters by 1vLV. Ji'airwind during 1948 
and 1949 has been continued. This will serve as a 
practical basis for the preparation of a handbook of 
the fishes of the area requested by the Department of 
Tenitories. 

(d) Fish Eggs and Lu1·vae.- .As part of the pro
gramme of determining spawning seasons and breeding 
habits of fishes in Lake Macquarie, the eggs, larvae, 
and postlarvae have been sorted from plankton collec
tio11s and many of the forms identified to species. 
Work has begun on the identification and description 
of the rich collections of fish larvae and postlarvae 
obtained in New Guinea by M.V. Pairwind. 

9. HYDROLOGY. 

(Division of Fisheries.) 
(a) Oceanic ln1Jesli9alions.-Surface-water sampl ing 

between Sydney and New Zealand from T .S.1\'.LV. 
Wanganella was continued. A thermograph bas now 
been fitted to this vessel and continuous temperature 
records are available for correlation with the salinity 
data. 

F.R.V. Derwent Hunler carried out two major 
oceanograpbical cruises. In February, 1954, an ex
tensive survey of the south-western Tasman Sea 
demonstrated clearly the path of the east .Australian 
current in this region and the continuity between 
southern Tasmanian waters and the deep Tasman Sea 
waters below the 12° isotherm. The presence of regions 
of divergence on either side of the east Australian 
current and the meandering characteristics of this 
current were other noteworthy features. 

In :March, 1954, a suney of Bass Strait and its 
aprpoacbes was made. The previous data for this 
region seemed to indicate two principal water masses 
as being responsible for its fertility characteristics. 
Seasonal movements of water from the east in the 
summer and from the west in the winter were also 
postulated. The 1954 cruise result~ fully co~firmed 
the existence of two ·water masses with very different 
fertility and temperature-salinity characteristics, one 
oriO"inating from the "Paddock" region of the south
wettern Tasman, the other from the south-west corner 
of the western approaches, this latter wa~er mass 
being continuous around the southern Tasmaman coast 
with the eastern Tasmanian coastal waters. On the 
nssmnption of con!i~uous mixing betwee~ these two 
water masses a fertility pattern was established for the 
period of the sm·vey. This pattern ~ts well t~e dis
tribution of zooplankton elements mvolved m the 
feeding of barracouta. 

H.M.A.S. Warrego and Barcoo have contributed data 
from several surveys extending out into slope waters of 
the New South Wales coast. 

(b) Ooaslal Investigations.- The regular sampling 
of coastal waters in New South Wales, Victoria, 
Tasmania, and south-western Australia was continued. 
It is now clear from recent data supplied by the New 
South Wales Weather Bureau that the long-term 
trends in hydrological properties of eastern Australian 
coastal waters during the period 1942-1953 have been 
nccornpanied by major changes in wind conditions over 
the Tasman Sea. 

The seasonal variation in properties of the waters 
off Rottnest I sland, south-western Australia, is due 
almost entirely to reversal of water-mass movement. 
There is no similarity between the factors responsible 
for the seasonal cycle at this station and a comparable 
one off the New South Wales coast. 

( c) Estuarine b westigat·ions.-The studies on the 
circulation of the Hawkesbury R iver estuary and on 
the assimilation of fresh water into its salt structure 
have received only minor attention during this year 
because of the concentration of effort on Lake 
Macquarie. However, it is clear that during a tidal 
cycle, ahhough there is no reversal of flow at upper and 
lower levels, there is a net motion upstream on the 
right hand side facing upstream and the continuity of 
salt is maintained by this process rather than by a 
wedging of salt water along the whole bottom of the 
estuary. This same process could be responsible for 
the persistence of oysters or any other organisms with 
free-swimming larvae in such an estuary. 

The studies on Lake Macquarie have had two primary 
aims: (i) the circulation pattern and the :flushing rates; 
and (ii) the productivity and, general hydrological 
characteristics of the waters and bottom deposits. 

The circulation of this marine lake cannot be 
measured directly, as the velocities are far too low. To 
date it has only been possible to indicate in very broad 
terms the manner in which wind, quasi-tides, internal 
waves, and freshwater discharges affect the circulation. 
An indirect estimation of the rate at which nutrients 
are transported from the mouth of Dora Creek as a 
source along the median axes of the lake is dependent 
upon a more exact knowledge of tbe rate of discharge 
of such nutrients from the creek. 

hlore recent suneys have paid particular attention 
to the hydrology and characteristics of the bottom 
deposits of Dora Creek. The creek consists of a series 
of· ridges alternating with deep basins and the liberation 
of phosphates seems bound up with certain optimum 
conditions of chlorinity, pH, and oxidation-reduction 
potential in these basins. These conditions are onlv 
established at irregttlar intervals. • 

Nutrient levels and chlorophyll counts indicate a 
µiglrnr productivity for the lake than for marine
dominated estuaries of the New South Wales coast. 

In Western Australia the mechanism of renewal of 
the bottom waters of the Swan River basin during the 
spring of each year has been studied. Under the 
extremely stratified conditions in this basin during the 
eal'ly spring period, progressive internal waves appear 
to move along density boundaries. R ecently recording 
water-le,·el gauges were installed at extremities of the 
basin, and the records from these will provide detailed 
information o.n the possible role of wind in the develop
ment of such waves and other circulation patterns in 
the Swan River basin. There is a difference in phase 
between the development and disappearance of phos
phate and nitrate pulses in the deep basin waters, which 
are now being analysed for ammonium ion as a check 
on the possibility that under highly reducing condi
tions in the deep basin waters nitrates are reduced to 
ammonium io11. 
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(d) Intertidal Region,.--Shell Point.-The two main 
problems under consideration nre : (i) the mechanism 
of subsurface transport of soluble nutrients, and (ii) 
the manner in which organic material developed in the 
mud surface can be made available as oyster food at 
various levels above the mnd surface. 

The first problem has involved studios of tho sub
surface circulation of water. T he pressure fluctuations 
dur ing a tidal cycle, as measured manomotrically, 
indicate that the water movements in the intertidal mud 
ere conditional by the tide, with various phase lags 
due to the degree of compactness of the mud. 

The second problem has involved the development 
of sediment traps which must work efficiently in a 
region of fluctuating water-level and tremendous varia
tion in turbulence. .A. satisfactory design bas now been 
developed, and more recently it bas been found that the 
nitrogen status of the sediment load can be correlated 
with the chlorinity condition in the upper 10 cm. of 
mud. 

10. Pr,ANKTON INVESTIGATIONS. 

(Di,. isiou of Fisheries.) 

P apers are being prepared on the seasonal and long
period fluctuations of plankton associations observed in 
monthly collections made during the year at the 
following stations off the New South Wales coast:
E vans Read, Coff's Harbour, Port :Macquarie, Botany 
Head, Ulladulla, and Eden. Two stations, one 50 m., 
one 100 m., are occupied weekly off Jibbon. 

A sur\'cy of plankton in L:i.ke Macquarie has been 
made each month. 

Further attention is being paid to the geographical, 
seasonal, and bnthymetric distribution of the eup
hausians of south-eastern .Australian waters, where 
they are very important in the diet of barracouta, tuna, 
salmon, flathead, and other fish. 

The results obtained on the combined hydrology
plankton-pelagio fish surveys of the F.R.V. Derwent 
Hunter in the western Tasman Sea (February, 1954) 
and Bass Strait (March, 1954) are of particular 
interest. On the Tasman Sea survey it was possible 
to distinguish two associations o{ euphnusian species 
respectively north and south of }attitude 40° S., the 
southem one bein~ richer in species and total numbers 
than the northcl'll; the tuna taken on the cruise 
(mainly albacore, 'l'hnnmts germo) were feeding largely 
on one. of the soutl1crn eupbausian species, and all tuna 
but one were taken in the southern area. The most 
p::cductive part of the whole region for eupbausians, 
tuna, and other pelagic fi sh ( as detected by eye at the 
surface, and by ccl10-so1mding) was from the east coast 
of Tasmania to 50 miles oiishore. 

11. OnrER !NVESTIGATIOZ..S. 

(Division of Fisheries.) 
(a) l1'ouling.- Routine fouling observations wero con

tinued for the R oyal Australian Na,,y and for certain 
of the Sydney power-houses. 

(b) lilicrobiology.-The limits of the environment 
of some of the chief microbes active in estuar ine mud 
were outlined by determining electrode potentials and 
hydrogen ion concentrations in this . environment. 
Examination of a great many cultures yield~<l the out
line for tho natu ral mi]icn of sulphate-reducrng and of 
sulphur.oxidizing ( dehydrogenating) organisms. The 
work was continued, especially with purple and green 
sulphur bacteria and with green flagellates and blue
green algae. The first part of the work bas been 
acccptod for publication. The cytoclll'omes in _the 
various microbial groups mentioned above were studied. 
Tt wn$ found possible to produce more than 1 oz. of 

various fo1·mR of bacteria and green flagellates. Hydro
o·enaso-containing strains of sulphate-reducing bacteria 
~•ere found to form organic sulphur compounds u1 
organic media. 

.X.IlL FOOD. 

1. GENERAL. 

The preservation of food is an increasingly important 
link between primary industry and the consumer 
ruarkct. There is a groll'ing awareness of the par t 
which science and technology can play in reducing 
wastage, improving quality, and gener3:lly r~ising ~he 
efliciency of Australia's food processrng mdustnes. 
Tho complex constitution of foodstuffs of all kinds, 
cspocia lly moat, dairy products, and fruits, calls for 
fund amental .s tudies basod on physics, chemistry, 
botany, and bacteriology to ensure tl10 elimination of 
proco•sing and storage conditions which tend to their 
deterioration. .\s a major food producing country 
situo ted far from the main food importing nations, and 
with its ow11 population ceutrcs separated by long 
distances, .1.iustl'a lia has a special iuterest in the 
prcscn-ation of foodstuff!> <luring trnusport. 

The Oi·gani½ation's work <>n food is undertaken 
chicfiy within tho Di~·isioH of Food Preservation and 
Transport with it,, niaiu laboratories at H omebusb, 
l'-1 ew South "·ale::. and b1·;111ch laboratories at B r is
bane, Queeu:;luucl {meat); West Gosford, New South 
Wales (citrus fruits); Edc11, New South Wales ( fish) ; 
Hohart, Tasmania (fish, apple~, and berry fruits) ; and 
at the Botany and Dioclicmistry Depart men ts, Univer
sity of Sydney (plant physiology and physica 1 
chcmi:;tr_y) . The work of the Di vision is described 
iii Sections 2-11 of this Ohnpter. Work 011 the manu
facture of dairy products is canied out by the Dairy 
Research Section at Fishermen's Bend in Victoria 
(see Section 13 of this Chapter). Co-operative 
irn·estigations Oll wines are carried out in the Waite 
Agricultural llescarch Ins ti tute (&1•1• Secti011 12 of 
th is Chapter) . 

Work 011 dried ,·inc fruit:, i,; in p1·ogr~s at tho 
Co111mou\\'callh Research Station (llurrny Irrigation 
Areas), ~\fer boi11, '\"ictoria (11ec Settion 14: of this 
Oha ptcr). Tl1c Organization ·s Cent 1'111 Experimentnl 
Workshop:, at l\Jarib,vrno11g, \i<:toriu, has designed 
and con~tl'uded equipment for the mechanical wn bing 
of d1·ied fruit~ (see Sectio11 1.:i of thi, Chaµte1·). 

/Jiui~·io11 of l1'ood Prc.~cn•alion 11n<i 'tmn.~port.
Whilc considerable progrc~s Jrns been made in the 
co-oporntirn investigations on beef at the Division's 
Rrisb:rne laboratory, it is unlikely tbnt methods for 
the elimination of "drip'' from fro1.en and thawed 
bcof wi ll be found iu the 11car futme. lt was hoped 
that methods of treatment whicl1 l1ad been most 
p1·omising with rabbits could be applied to beef cattle. 
The in"e:;tigations have revealed, howc\'cr, that thc1·c 
arc some profou11cl differences in tlit• reactions of 
rabbit and beef muscles to nirion~ unte and post 
mortem treatments. The reason~ for these difference~ 
are now being sought. Dr. H.. A. Lawrie, who wa~ 
seconded from the Low Tompcratnrc Research Station. 
Oambxiuge, to tnke a major part in this work, returued 
to Englnnd in J 1111c, 1954, after the cornpletio11 of thr 
~rst part of tltc \'rogran11ur. The work will be cou
tmued by an ofliccr who hac; r ecentlv returned to 
Australia after 11 period of po.,t-grudu~tE' training i.u 
muscle h.iochCllnisLry in .England . 

.Adjustment of Lhc availaLle water in foo<ls lius long 
been a valuable rnC;tho<l of preservation but there has 
~ithe1·_to ~ee11 co1~siderablo paucity of information on 
1til scientific bns1s. .A. lllajor contribution has now 
been. made through the definition of the precise water 
reqmn•mE>nts of 11 11nmhE>1· of <:train!' of bacteria cnusing 
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spoilage or food poisoning. Predictions can now be 
ma<le of the amounts of water in various foods which 
will permit the growth of these organisms. 

At the request ,of tho Australian Committee on 
Animal Production, the Division, with the help of 
the Agricultural Research Liaison Section., convened 
a conference in July, l9;i3, on the science of bacon and 
ha_m curi11g. At the request of the conference, a com
mittee is now examining several questions concerning 
scientific research and courses of technical education on 
curing. 

The Division has continued to give assistance to a 
number of State and Federal Govemment departments. 
For instance, at the request of the N cw South Wales 
Department of A.griculture an investigation was con
ducted into the causes of an alleged high rate of 
deter ioration of the bloom of lamb a1Hl mutton carcases 
prepared at country mcatworks and forwarded in the 
chilled con di t.ion to Sydney markets. 

Assistance lias also been given to several branches 
of the food industry, and these have expressed their 
appreciation through many generous donations of 
money, which has been mainly used to purchase 
scientific equipment. 

2. PHYSICS. 
(DiYi8ion of Food Preservation and Transport.) 
(a) llwil Transvort.-Several sets of measurements 

of air leakage into two types of refrigerator car have 
been carried out and the results used to estimate : (a) 
the contribution of air leakage to the heat load on the 
cooling system, which is typically about 10 per cent. 
in the types of vehicle studied; (b) the risks of exces
sive accumulat ion of carbon dioxide in fruit cargoes; 
( c) the possibilities of maintainiug a useful concentra
tion of carbon dioxide during the transport of special 
meat cargoes. It was shown that loss of the water 
seals on the drains resulted in a large increase in the 
air leakage into moving cars. 

(b) Bvavo1·ation from Foodstuffs in Gold Storage.
Work is continuing on the relation between the rate 
of evaporation from fruit and the relative humidity 
of the sm-rotmding atmosphere at temper atures and 
humidities such as occur in cool stores. 

Systematic study of the factors affecting evaporation 
from fruit packed in cases has been resumed. An 
experiment is in pr ogress in a commercial store to 
determine the extent to which a rather high rate of 
forced air circulation may increase water loss by 
increasing air exchange between the inside of the case 
and the outside. 

( c) E /feels of Vario·us FeatiLres of the Design of a 
Cold Store and its Goaling Syste1n on Evaporation 
frorn Stored Goods.-Theoretical analyses have been 
carried oni, and measurements made in a commercial 
frozen moat store to provide means of checking the 
assumptions made. This work is continuing, 

(d ) Canning Processes.-(i) Conduction Erro1·s in 
Therrnocon1Jles and Thei1· Effects on Experimental 
Determinations of Processes. - Some equations 
developed by Professor J . C. J aeger have been used 
for a preliminary theoretical analysis of this problem 
au<l the planning of experiments to determine tl1e 
importance of these errors in practical process 
dctcrmi11 a tions. 

(ii) Effects of H eadspace on Canning Processes.
Work was completed on the effects of the thermal 
resistance of the headspace on the rate of heat penetra
tion in to solid packs. This work is being extended to 
find relatively simple methods of estimating equivalent 
processes for cans of ~li:fferent sizes ':'hich wil! be ~no!·e 
accurate than those m use. Expenments with hqmd 
packs have shown that this problem is more complex 
than miglJt have been expected. 

F.5073/54.- 6 

(e) Performance of Oo/,d Stores for Pruit.-T he 
accumulated data from previous work have been 
analysed further. Measurements are i n progress in one 
store of a type not previously studied. 

(!) 11' aler Relations.-Ji'urther data have been 
collected on the r elation between the water content of 
materials and tho p1·cssure of water vapour in 
equilibrium with them. Materials studied include 
dried vine fruits, silk protein, and some substances 
suitable for use as "in can" desiccants. 

As it is desirable to ,confo-m some of the results by 
an alternative method, more versatile equipment for 
weighi11g in closed spaces is being designed. It will be 
possible to deal with more samples simultaneously 
with the new equipment. 

(g) Oolow· Measui·ements.-The development of 
apparatus required to make precise objective measure
ments of the colour of foodstuffs during processing 
and storage has been continued. 

3. Fooo Om;:ru:rsTrn:. 
(Division of Food Preservation and Transport.) 

(a) Volal-ile Products of Apples.- The organic 
volatile substances produced by fresh apples are con
cerned in the aroma and possibly also in the control 
of ripening. There is evidence of some relation between 
rnlatile substances and superficial scald, a functional 
disorder. -

A number of lower a1coho1s, aldehydes, and acids, 
together with acetone and ethylene, have now been 
identified, and the effect of these volatiles on the 
development of superficial scald in stored Granny 
Smith apples is being investigated. Changes in the 
natural volatiles of the surface tissues are also being 
determined. Some slight effects 011 scald have been 
obtained, but none of the natural volatiles have yet 
been implicated. Tests for the presence of olefines 
higher than ethylene are being carried out. 

(b) N aiuml Ooating of Apples.-The stud ies on the 
natural lipid coating of apples are related to the 
physiological behaviour of stored fruit, as the natural 
coatiJJg is the main barrier to gaseous diftusion and 
hence influences the composition of the internal 
atmosphere. The chemical constitution of the oil and 
cutin fract.ions is being investigated. 

The saturated acids of the oil fraction have been 
shown to be predominantly stearic and arachidic, with 
sm:i 11er amounts of palmitic and behenic. This 
i<lentincation has been facilitated by thP. development 
of a technique for separating bydroxamic acids by 
parti tio11 chromatography. This technique should also 
facilitate separation of the unsaturated acids. Some 
progress has been made with the separation of a more 
volatile fract ion of the alcohols by partition chromato
graphy of deri vatiYes. :Further chemical study has 
hccn made of the cntin fraction after purification 
with snail eellulase, 

Wraps impregnated with mineral oil are effective in 
controlling superficial scald, but the mechanism of 
their action is unknown. It ha;; been shown that dul'ing 
prolonged storage there is an interchauge of lipid 
material betll"cen the natural coating and the wrap, 
The significance of this fact in relation to stor age will 
be further im-cstigated. 

( c) Determination of Organic Brom,ides in Air.·
Ethylcne dibromidc is used for fumigating c1trus to 
destro:v fruit f!,y infestation. The method for deter
mination of ethylene dibromide and ethylene chloro
bromide (an alternative fumigant) has been thoroughly 
tested. 

(d) ·water-soluble Constituents of Fruit.-Tbese 
studies will provide basic knowledge required for 
iuvestigating the reactions involved in the bt'OW11ing 



82 

of dehydrated fruit. Much of the information being 
obtained is also of interest in other fields of work. 
The sugars iu several types of fruit are being separated 
by means of chromatography on cellulose and charcoal 
columns. This work has revealed some components not 
found by paper chromatography. 

The separation of organic acids by displacement 
chromatography, usi~1g columns of anion-ex.change 
resins has been stu<l1etl further and over 20 ditlerent 
acids ' can now be separated. This method has been 
used to study the acids in apricots, peaches, pears, 
passionfruit, and oranges. In several fruits all the 
major acids and a number of minor acids have been 
isolated and i<lentiiied. lt was shown for the first 
time that quinic acid is a major acid in peaches. 

A comparison of the sugars, amino acids, and 
carboxylic acids in orange Juice did not reveal any 
striking ditl:erences between d1tferent rootstocks. 

( e) Uheniical Reaction in Processed Ji'oods.- Freeze 
dried apricot and peach purees were equilibrated to 
approximately 20 per cent. moisture content to study 
browning reactions. Some qualitative changes, revealed 
by papei· chromatography, occurred in the sugar and 
amrno acid tractions aner only a short period oi storage 
at 259 C. 

(!) Fhysical Chemistry of Proteins.-Studies in the 
denaturatwn of proteins and enzymes by urea, heat, 
and freezing have been continued. The general aim 
has been to study the process by followmg simul
taneously the changes in several properties wnich are 
sens1t1ve to dinerent kinds of de1ormation of the 
protein. In particular, changes in sedimentation 
constant, solution viscosity increment and pH. during 
the denaturation of ovaJbumin, bovme plasma albumin, 
,8-lactoglobulin, ribonuclease, and pepsin have been 
studied. Jiesuits obtained throw some light on dis
crepancies among the results of other wor~ers in the 
field. An attempt is being made to assess the 
importance of suiphydryl and disulphide exchange 
reactions in protern aggregation phenomena. 

(g) infra-red fipectroscopy.-'l'he instrument has 
been equipped with a new raaiation detector and modi
fications ruade in the apparatus for freeing the spectro
ineter of atmospheric moisture and carlJon dioxide. 
~tudies have 0el:!n c:arried out on tlle determination of 
the structure of limonm, the bitter principle oi oranges, 
and related compounds. Measurements have been 
carried out for otller laboratones, including filter 
transmission measurements for the Commonwealth 
Solar 1,aboratory. 

(h) Fola1·ography.- The recording D.C. polarograph 
wlucll is being developed has been modified to permit 
of precise measuremeuts of current down to 0.Ul µ.A 
full-scale deflection. Equipment has been set up which 
makes it possible to measure the current over a short 
interval near the end of the life of the drop, rather 
than over the whole period. 

The technique of derivative polarography, involving 
the superpos1t10n of a square wave ot 10. c/s, has been 
applied to the measurement of cadmium and lead in 
various supporting electrolytes, in both the presence and 
absence of colloids. 

The D.C. polarographic studies in metal complexes 
of amino acids and proteins have been furthered during 
the year by electrophoretic measUl'ements. The mercury 
corn plexes of certain proteins containing sulphydryl 
groups are now being examined in an attempt to 
assess the available sulphydryl groups i11 proteins. 

4. MrnRODIOLOGY OF Foons. 
(Division of Food Preservation and Transport.) 

~tudies of the important food-poisoning and food
spo1laqe micro-organisms have continued, particularly 
of then reactions to various factors in their environ
ment. The results of sucl1 studies have a general 

validity which, as data accumulate, is becoming 
increasingly useful in a variety of processing and 
spoilage problems. In addition, tµere has continued 
a steady flow of small problems relating to the diagnosis 
and control of spoilage in various foods. 

(a) Clostridium botulin um Iwvesligalions. - Work 
on these important food-poisoning organisms has con
tinued and an experimental study of some aspects of 
the physiology of ten type E strains has been completed. 
Experiments on the water i·equiremeJ1ts for growth of 
several strains of types A and B are in progress. 
Results so far show that the water requirements will 
not be very different from these recently published 
for the Salmonella group. 

(b) Bacterial Spores.-Studies of tLe formation, 
germination, and heat resistance of tliese resistant 
forms of bacterial life have been continued, particular 
attention having been given to the inhibition of germi
nation by low concentrations of lipid materials. The 
spores of se,eral species differing widely in their 
resistance to heat are being examined for properties 
which might explain the observed differences in heat 
resistance, but no adequate explaua tion of the differences 
has yet beeu found. The Division of Industrial 
Chemi~try is collabora ting in a study of the fine 
structure of different types of spores. An Indian 
research student of the New Soutb Wales University 
of Technology is studying the relation between the 
resistance of spores to certain chemical disinfectants 
and their resistance to heat. Another Indian student 
has recently completed a study of the heat resistance 
of the spores of organisms causing spoilage in canned 
bananas. 

(c) Water R elations of Micro-organisms.-The 
water requirements for growth of fourteen food
poisoning strains of Staphylococcus aureu,s and of 
sixteen strains of Salmonella have been defined. One 
species of Salmonella has been studied in greater detail, 
particularly the relation between the water require
ments and the nutritional status of the medium. Some 
progress has been made in studies of the exchange 
of water and some solutes between the cells and the 
medium. The water requirements of five strains of 
Psetrdomona:, have been studied at O, 10, and 309 C. 
The range of water activities permitting growth is 
not very different at these three temperatures. 

(d) Freeze Dryi-ng.-Work on the preservation of 
bacterial cultures by drying from the frozen state 
has been expanded. Several experiments designed to 
define the most ,iuitable storage conditions have been 
commenced and will continue for five years. The 
importanee of two environmental factors has already 
been established. Other variables which have large 
effects on survival during the actual drying process 
have little or no effect on the rate of death during 
storage. The construction of improved equipment to 
facilitate study of the drying process has been 
commenced. 

(e) Spoilape of 11teat.- The exact circumstances 
leading to the occasional severe losses due to bone
taint. in beef have long: r em~ined obscure. The growth 
reqmremcnts of orgamsms isolated from spoiled hind
quarters have been s~udied, and recently more spoiled 
quarters were obtamed for detailed examination. 
Evidence that several types of bacteria may cause this 
type of spoilage is accumulating. 

5. MEAT. 

(Division of Food Preservation an_d Transport.) 
(a) Co-operative Investigations.-(i) General

The officer s~couderl fr_om the .Low Temperature 
Research Stat10n, Cambridge, carried out a series of 
investii:rntions desig11ed to apply the results of the 
Cam bridge studies on sma 11 animals to beef steers. 
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. (ii) Pre-rigor Freezing. - It has been found 
impossible to freeze an appreeiable portion of a steer 
or cow earcass in the pre-rigor condition, as rates of 
freezing are too slow with the heaYy steer carcasses, 
and the more l'apid freezing of cow ear casscs is offset 
by the more rapid onset of rigor. Variation in rates 
of freezing and the introduction of a period of elevated 
temperature before thawing did not produce worth
while changes in the extent of drip. An attempt to 
obtain pre-rigor freezing is being made by using 
yearlings and delayi11g the on.set of rigor by complete 
muscular relaxation before slaughter. 

(iii) Pre-slaughter 1'reatment of Animals.-It bas 
been found that many of the conceptions relat ing to the 
effect of pre-sla ugh te.r exercise and starvation on rigor 
which were developed from investigations on small 
animals are not applicable to beef steers, mainly owing 
to the large difference in the glycogen resenes. I t 
has been found possible to alter the time of onset of 
rigor considerably by injecting calcium and magnesium 
salt;;, relaxing drugs, and insulin, but only with insulin, 
where pronounced changes in ultimate pH were 
induced, was any change in drip brought about. 
Naturally occurring changes in ultimate pH, w ith 
resulting changes in drip, haYe been noted as being 
associated with variation in excitability of the animals. 

(b) Chilled Beef Stiidics.-These studies have shown 
that apart from drip the only difference in fa¥ou r of 
the chilled product is a slightly greater tenderness. 

(c) Airborne Conlaminalion.- The relationships of 
temperature and humidity to the death rates of airborne 
organisms have been surveyed over a large range and 
the data provide a background for a study of the 
effects of aerosol disinfectants. 

(d) Freezer B11.rn Studies.-The study of freezer 
burn in frozen offals in storage has been continued. 

6. Frsn:. 
(Division of Food Preservation and Transport,) 

(a) Crayfi.sh Processing.-Invcstigations have begun 
on the influence of the biological condition of wh ole 
Tasmanian crayfish, aud of the methods of cooking, 
cooling, freezing, and thawing, on the bod y weight 
losses and 011 the palatability of the edible £s.h. An 
abnormal condition involving brown to black discolora
tion of thr livers aud stomachs of some li...-e crayfish 
has been investigated in co-operation with the Division 
of Fisheries. 

( b) Chemical 111 ethods for Estimation of Spoilage. 
-Work on the estimation of volatile bases in bacterio
logically spoiled fish muscle and in canned fish and 
shark bas been completed. 

(c) Spoilage in Prawns.-.A.ssessment of the chief 
sources of contamination of cooked prawns between 
c?oking and marketing has continued. Cooking condi
tions necessary to prevent the subsequent development 
of "blackhead" in cooked prawns have been established. 

( cl) Fish Canning.-Processing studies on canning 
of tuna, shark, banacouta, abalone, crayfish, Tasmanian 
mud oysters, and Pacific OJ'.sters originally introduced 
from Japan have been earned out. 

7. EGG INvEsnGATIONs. 

(Division of Food Preservation and Transport. ) 
(a) Pinlc Whites in Stored Eggs.-Ingestion by 

fowls of plants of the family :M:alvaceae gives rise to a 
pink ?olour in the white of the eg~~ after storage. The 
~echn:que of rever~ed phase partition chromatography 
1s berng used to isolate from these plants a minor 
constituent-a fatty acid- believer] to C'ause this 
disorder. An acid wi_th _a coustant mcl t ing point 
through several crystallizations has been obtained and 
will be tested against fowls and eggs. ' 

(b) Effect of Additives on Egg-coating.-With t~e 
object of improving the qualities of the paraffin 011 
used for coatrng eggs the eifect of adding aluminium 
and magnesium stearates has been followed by means 
of internal quality changes in the eggs during storage. 

Under cold storage conditions corresponding with 
normal commercial practice, there was no bene£t in 
add ing aluminium and magnesium stearates to the 
oil, except a slight reduction in the rate of water 
evaporation. 

8. FRESH FRUIT AND VEGETABLE STORAGE AND 

TRANSPORT. 

(Division of Food Preservation and Transport.) 
(C£) General.-In collaboration with the University 

of Sydney and the New South Wales Department of 
.t\.griculture, the Plant Physiological Research Unit is 
carrying out a programme of research both at Home
bush and at the Citrus Wastage Research Laboratory, 
Gosford. Some work is also done in the Botany 
School, University of Melbourne. This large collabora
tive venture enables rernarch to extend from academic 
problems concerned with the background knowledge 
on which fruit storage depends, to applied problems of 
improving storage quality and decreasing wastage. 

(l, ) Plant Physiology and; Biochemistry.-Work in 
collaboration with the Universities is principall.v in 
p lant physiology and biochemistry, relating to the 
structure and function of plant cells which together 
make up the whole plant body. In recent years the 
investigation has been extended to include a study of 
the properties of the microscopic particles which occur 
within the cells . The particles have a quite definite 
structure and this has bet:n studied, in collaboration 
with the Di,,ision of Tndustl'ial Chemistry, with the 
electron microscope. Lhloroplast.;, the green bodies 
of the cell, have been Eho,rn to have a definite and 
regular structure with a membrane, and the mito
ch ondria, which are at the limit of resolution of the 
ordinary micro:cope, ha,·e been shown to have a mem
brane. These membranes play an important part in 
controlling the chemical reactious within the living 
cell and their properties are being studied in detail. 
Kot only are these strnctm·es surrounded by a mem
brane but they also have de.finite metabolic activity 
by which they can change their in ternal composition 
and maintain differences from the surrounding 
medium. 

Respiration studies have led to a hypothesis con
necting the energy liberated by respiration with the 
energy-requiring procesEes in the cell, and this 
hypothesis has been used to interpret the sudden rise 
in respiration associated with the ripening of fruits. 
The hypothesis is being tested further by experiments 
on the maturation of peas, in which there is a particu
larly active synthetic process at a certain stage of 
maturation. The studies of these processes may have 
an important bearing on our knowledge of optimum 
maturity. Respiration and synthetic processes are 
connected by substances termed phosphate carriers, 
and recently methods have been developed for the 
analysis of these phosphate caniers under different 
conditions of synthesis. Experiments on respiratory 
enzymes of apple tissue are being continued. 

Since earlier work has shown the relation of fruit 
s ize and cell number to influence the behavioU1· of 
apples of different sizes in store, some investigations 
bave continued. Further comparisons have been made 
between Delicious apples grown in Australia and the 
same variety grown in America, where they seem to 
have more cells per fruit. The effects of blossom 
thinning ha ,,e also been studied. 

One of the most important con~tituents of all plant 
foods is sucrorn and it~ mechanism of synthesis in 
bigher plants has been -0bscure. Recent work has led 



to hypotheses for such a mechanism and this work is 
being continued with }}articular r eference to the 
mechanism operating in peas. 

Studies of the behaviour of citrus fruits have been 
handicapped b_y inadequate knowledge of their 
physiology and development. An attempt to study the 
morphological and physiological changes taking place 
during development has begun. 

(c) T echnology.- (i)Best Conditions of Stora.ge for 
1lpples.-Attcmpts are being made to find improved 
methods of storage for apples. Factors invc~tigated 
in the past few years include the variability in storage 
behaviour in fruits from differen t parts of the orchard, 
the effects of different maturities and methods of 
judging maturity, and those of temperature in storage. 
J\Iost of these investigations require observations over 
a number of .seasons followed by statistical analysis. 
L\n extensi vc investigation of gas storage of apples, 
i.e., the method by which the oxygen and carbon 
dioxide content in the store are controlled to prolong 
storage life, has begun. Commercial _inte!·est in_ tl~e 
possibilit,y of gas storage for app1es m Australia 1s 
increasing. 

(ii) B est Cond-ilions of Stornge f or Pears.- Thc 
effects of delay aucl rate of cooling -0f both Williams 
Bon Chretien and Packham',s Triumph pears have been 
investio-at ed for several years. The results confirm the 
general conclusioH t hat optimum maturity at picking, 
aud cooling rapidly as soon as possible, are of great 
importance. Some investigations -011 the control of 
rotting in Winter Cole pears are a lso in progress. 

(iii) Control of Wastage in Cilrus.-The most 
important cause of wastage in oranges grown in the 
natural rainfall districts is green mould. Experiments 
have shown that a dip of sodium o-phenylpheuate is 
the most effective method of reducing this mot:ld. At 
first some difficulty was experienced in preventing these 
substances from injuring the skin of t he fruit, but con
ditions have been worked out to overcome this injury 
and the method has been tried with most satisfactory 
r esults on a commercial scale. The method is more 
effective and less expensive than t he previous dip 
tr eatment. Since dipping is uot always practicable or 
desirable as a means of mould control, fmther experi
ments are also being done on control by the use of 
wraps impregna ted with diphenyl. 

The principal cause of \\"astage in stored leIUons is 
the de\·elopmcnt of a fungus, causing stem end rot. 
This can be controlled by the use of 2,4-D or 2,4,5-T as 
a <lip after harvest, and control is improved by 
appropriate 1ic1J sprays during the growth -0f t:he 
fruit. W ork on the best conditions of lemon stor age 
has been cout.iuued. 

Ill studying citrus wnstage due to mould, guantita
ti\·c methods are being develope{1 for loading the fruit 
with a known inoculation of spores and for determining 
the spore load of fruit under natural conditions. This 
work is in collaborntion with Dr. T . B. Kiely of the 
New South ·wales D epartment of .Agricultuxe. 

Variation~ i11 tr eatments of trees in the orchard may 
have marked effects on the keeping quality of the 
orange. Stol'nge behaviour of frnits from tl'ces gro\,·n 
under different condit.ions on Farm Block 466, Griffith, 
New South Wales, are being studied in collaborat ion 
wit11 the Irrig11tio.11 R esearch Station. 

(iv) Pofoto Storage.- -A.n experiment was earricd 
r,ut to compare the storage behaviour of different 
v1uictics of potatoes and the effects of storage on tht' 
quality of the different varieties. 

( v) Control of F'rnit Fly.-:Methods to kill fruit 
1iy in harvested fruits have been developed. Since 
some of these methods have harmful e:ft'ects on the 
keeping qnnlity of some fruits, a study -0f the effects 
on n 1rnmber of varieties was cnrriecl out. 
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9. CANNING Al'iD F1mrr PnonucTs. 
(DiYision of Food Preser vation and Transport.) 

(a) Vegetable Oanning.-An important con~ri\m
tion was made to the work on the sho~·t-te~·m pr~d1c~1on 
of maturit,y of pea crops by exten<lmg m~est1gatlons 
to cr ops grown in the United S t!l;tes. With th~ use 
of the mat.m·omcter and expenmcntal techniques 
developed by this Division, the general developmental 
pattern of the varieties tested ~t Geneva (New_ Yor½) 
was found to agree closely with. that detcrmmed ID 

.n.ustr alia. The rate of maturat10n was faster than 
that of normal crops in thi.s country, but e:-:cellent 
coutrol of the optimal harvest t ime was obtarned by 
slight modification of the prediction method. 

Increased interest in the Uni ted States in the 
mechanical g r een bean harvester ~as made it impera
tive to define the optimal harvest t ime and to find some 
means of predicting it. Some general trends have been 
determined by a fourth field trial -0n green beans at 
Richmond, New South Wales, but i t was conclu~ed 
that wodc of a large-scale uatnre was essential. 
Par ticipation in s uch a trial in Am erica gave encourag
ill"' evidence of the value of the maturometer for 
p1~diction, when special.., preca~tious . ,.-e_re t~en in 
p reparing the sample. ] uture mves~1gat10ns m Aus
t ralia will be canied out on comm ercial crops of green 
beans by co-opcrntive effort with a selected vegetable 
canner_y. 

Cer tain fundamental data are needed before proceed
ing with breeding work on canni11g tomatoes. . A 
special trinl has been designed to measure the van a
t ion iJ1 a munber of factors which are impor tant in 
t he assessment of quality, aud these data will be used 
in later t1·ials as a basis for varietal comparison. 

(b) Fru·it Ca'nn,i11g.- Previous indications that 
immat uTC 'l'r evat t and Moorpar k apr icots could be 
t ipeued artificially to give a ca1mcd product equal in 
quality to that from t ree-r ipened fruit were confirmed. 
.\ stora o-c and ripening trial showed that Trevatt 
a pricots 

0

cau be stored successfully for four weeks at 
32° F . prior to canning. This result was also obtained 
la, t. season. 

.\.s iu 105a, J. H . H ale freestone peaches picked 
immature and ri1)e11cd artificially gave au excellent 
canned product. There arc indications that trees of 
ap1·icot and peach canning varieties may be completely 
:stripped when the advanced fruit reaches the tree-ripe 
condition, and all fruit subsequently brought to 
desirable maturity by artificial ripening. This pro
cedme would save harvest labour and minimize transit 
l osses, but further investiga tion is required before it 
can be r ecommended. 

Investigations of factors rnlated to the quality of 
Tasmani:in solid-pack anple have pl'Oceeded rapi<lly. 
The Di\·ision is 110 w a ble to male recommendations on 
lJt·inc-ltolding nnd calcium-firming procedures, and the 
method of adding ,\·atcr to standa rdize headspacc and 
1·cduc(' corrosion in the can. 

F urther da ta on ben y frui ts, ueedetl for the specifica
tion of berry pulps, arc being accumulated. Varietal 
trials au d investigati on of appropr iate syrup strengths 
:ne (' 011 1 inning ns JJ:t r t of n prog ramme of qualit,y 
impr0Yc.m1ent of cimned berries. 

( c) Prnit. J trices.- I m·estigations 011 the occuneuce 
of bittcrne~s i n canned orange j ui('c have est:1.bli.shed 
1 h:1.t th i~ hitt.c rnc;:~ i s inflnonced mainly by the root
stock OJI wl1ieh thl• t rees arc propagated and by the 
ma1 urity of the fru it, hut. these infiucllccs are subject 
!o regional ancl seasonal \·a,-iations. Th us the effects 
of root stock on the quality of Navo] and Vnlencia 
orange juices :l]']JCar to lie more m a rke<l in t he N e,v 
South Wales coastal r egion than in the Murrumbidgee 
Tnigation J\r cas and the Munay Valley. The degree 
of bittemc~s in processecl juice.s. is clii-ectl,v relatPcl to 
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the :u1w1rnL oJ l'ltu bitter p1·iucip!es, Jiruonin presc11t in 
t)rn r~el of the Ol'ange. Ohcmica1 investigations on 
hmonm are 110w being carried out in t.he Organic 
Chemistry Department, University of Sydney, under 
the direction of ProfeEsor A. J . Birch and encouraging 
progress has been made towards elucidating the struc
ture -0f this complex substance. 

(d) Oontainm· lnvestigalions.- An acidified aqueous 
c•xtrnct of beetroot t.issnc hn.s been found to provide a 
relinblc test standard for the measurement of corrosion 
rosistnncc in lacquered cans intended for products 
eo11taininp; anthoc.vunin pigments such as berry fruits 
and cherries. Colorimetric methods enable quantita
tive determinations to be made of the extent of 
corrosion due to lacquer :film breakdown. 

Chemical inYestigations of the liberation of lRbile 
sulphur from animal tissues during heat processing 
were continued. The aim of this work is to develop 
a standard test medium for determining the staining 
resistance of commercial sulphur-resisting can lacquers. 

There is a demand for can lacquers of better per
formance for certain specialjzed products and develop
mental work is being conducted iu close co-operation. 
with lacquer manufacturers. .Seven new types of acid
resisting lacquers an<l eight sulphur-resistinp; formula
tions were tested during the year. Several of these 
show promise but tests are ii1complete. 

(e) Equivment.-Extensive modifications were made 
to the pressure spin-cooker constrncted last year. The 
improvement in quality obtained by agitating the 
product was demonstrated on a number of heat-sensitive 
foods. Further studies will relate to the effects of 
varying the rotation rate and headspace volume on the 
rote of l1eat penetration. 

10. DEHYDRATED Foons. 
(Division of Food Preservation and Transport.) 

(a) Tfe,qefobles.-The deterioration of dehydrated 
rmrrot coated with starch and .starch fractions was 
studied. Amylopectin, alone or as whole starch gave a 
~lightly beneficial effect. ' 

As "in-package'' desiccants for r educing the mois
~ure content of dehydrated vegetable and thus pro1ong
mg the storage life, crude samples of Australian 
bentonite clays showed a. lower water vapour uptake 
than samples of processed American material. .After 
activation treatments, however, t110 local clays were at 
least equal to American types. 

The expansion of freshly compressed dehydrated 
vegetable is usually prevented by holding the blocks in 
11 speciii 1 press. Carrot and cabbage samples were 
r•ompressed aud p11cked immediately into No. 2½ cans 
and sealed. The cm1s acted as satisfactory holding 
presses, and after four months' storage in n itrogen the 
blocks could not be differentiated from control samples. 

(b) Frnit.-Initial experiments dealing with the 
nptake of sulphur dioxide gas by cut fruits before 
dehydration were made. Information was obtained on 
the effects of the concentration of sulphur dioxide in the 
air, the variety of fruit, its maturity and size, and the 
time of exposure to gas. Data were also obtained on 
the depth of penetration of the gas, and on losses from 
freshly sulphured fruit in still air and in the initial 
~tages of dehydration. 

( c) 111.ea.t.-(i) Dehyd1·atecl 111ince.-In previous 
years a comprehensive study was made of a number of 
factors lilrnly to affect the initial quality of air dried 
mutton mince. From the results of these experiments 
it was possible to select a method of processing which 
"·onld yield a mince of good initial quality. It was 
esscnt.ial, however, to determine the shelf life of the 
product under different conditions in order to obtain a 
/!Cn<'l'!ll eRtimflto of its nsefnlne~s in the £eld. 

A 1oug-term storage experiment, which has just been 
completed, was designed to obtain a measure of the 
storage life of dried mince at a number of different 
storage temperatures with different methods of packag
ing. An illustration of the enhancing effect on shelf 
life of removing air from the packs is: at 30° 0. 
( average fo1· tropical conditions) an air pack has a shelf 
life of approximately six months, a block eighteen 
months, aud a nitrogen pack 24 months. 

Drying meat in forms other than mince often 
necessitates using only certain pa1'ts of the -0arcass, 
the remainder being dried as mince. Comparison of 
the stornge lives of dried minces prepared from different 
parts of the carcass suggests that no one part yields a 
product comparable to that prepared from the whole 
carcass. 

Methods for improving the naturally bland flavour 
of dehydrated mutton mince and also of extending its 
storage life by the addition of flavouring materials have 
been investigated. Storage studies involving additives 
are now in progress. 

(ii) Dehydrated Sl·ices.- Storage studies on com
pressed slices were recently completed; as with dried 
mince, nitrogen packing prolonged the shelf life. The 
storage life of slices was considerably less than that of 
dried mince. 

11. FROZEN FRUITS AND VEGE'!'ABLES. 

(Division of Food Preservation aud Transport.) 

Investigations on the freezing of fruits and vegetables 
urc conducted jointly by the New South Wales Depart
ment of Agriculture and the Division of Food Preserva
tion. 

In the early stages of this work it was necessary to 
0xamine overseas techniques on a wide range of locally 
grown fruits and vegetables. These preliminary trials 
have led to more detaikd projects dealing with par
ticular problems. The absence for a major part of the 
year of one officer associated with this work brought 
about a temporary reduction in the programme. 

(a) Freestone Peaches.-Fewer varieties were used 
in freezing trials during the year but the testing of 
material was extended to growing areas not previously 
studied. 

Experiments on the effect of varying amounts of 
antioxidant on quality and storage life were continued. 
Some preliminary studies made in a previous year had 
failed to give conclusive results. Methods of deter
mining ascorbic acid in frozen peach packs required 
special attention and a satisfactory technique for 
~ampling defrosted material has now been developed. 

(b) Apricots.-Detailed investigations on the use of 
antioxidants in the freezing of apricots have indicated 
that sulphur dioxide in small amounts will give satis
factory control of discoloration and will not impair the 
flavour of the :finished product. Several different 
methods of incorporating sulphur dioxide in the pack 
were compared and showed no marked differences. 
Tasting tests did not reveal differences between the 
different levels of antioxidant used in these experiments. 
Much time was devoted to methods of determining 
sulphur dioxide and to the factors causing an apparent 
loss of this substance after freezing, stornge, and 
defrosting. 

( c) Pi1ieapples.-The occurrence of an off-flavour in 
frozen pineapples bas been investigated over the past 
few years. F airly definite evidence was obtained that 
off-flavour development was influenced by the maturity 
of the fruit and to a lesser extent by the method of 
packing. The use of pureed lilaterial to simplify 
tasting and accentuate off-flavours did not appear to be 
promising. 
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(d) Berry Pruits.-In conjunction with the Tas
manian Department of Agriculture and the Organiza
tion's Tasmanian Regional Laboratory, work on the 
freezing of berry fruits has been co11ti11ueu. Preliminary 
tests on varieties, methods of packing, an,i storage at 
different temperatures have been carried out. 

( e) Peas.-Experiments on the relationship between 
stage of maturity and acceptability of the frozen 
produc.>t were continued durin?; the year . Previous 
resul ts had suggested that graded peas in the range 
10-14 per cent. alcohol-insoluble sol ids (A.LS.) were 
highly acceptable, and an objective of 12-13 per cent. 
A.I.S. on the graded mater ial was tentatively recom
mended. Work for the past year has in general con
firmed these results, the optimum A.LS . value probably 
being between 12 and 14 per cent. 

(f) Freezing Rates.-Tests on the experimental air 
blast freezing unit were made, and after a number of 
modifications to the equipment satisfactory performance 
was achieved. This equipment will be used l ater in 
obtaining essential physical data on frozen foods. 

12. W INE. 

(Oenological Investigations, Waite Agricultural 
Research Institute.) 

The investigations directed by the Committee on 
Oenological Research haYe been continued at the Waite 
Agricultural Resear ch Institute. 

The work is concerned with the investigation of 
problems of the wine industry, with a view to improving 
the quality of Australian wines. Present investigations 

. comprise a study of yeasts used in the primary fer-
mentation, and bacteriological changes occurring 
during maturation. 

(a) Wine Yeasts.-The objects of the work is to 
investigate differences between wine yeasts in order 
to select those yeasts which a re most suited to the 
requirements of the winemaker. The work has been 
extended to include the influence of mixtures of pairs 
of yeasts on the quantity of ethyl alcohol produced in 
the wine. The results obtained haYe heen interesting 
r:nd will assist the winemaker in m!'lking the most 
effective use of selected yeast starters. Various methods 
of yeast storage have also been mvestigated and rerom
meudations have been made. Private firms have 
materially assisted in them imestigations by making 
winery facilities available. 

(b) Malo-lactic Fermen/a/.ion.- Examination of a 
collection of samples of 1D53 dry w:nes showed that a 
malo-lactic fermentation occurred in about half the 
wines examined. In many wines bacterial activit.y 
was suppressed by low pH values or b_y high doses of 
eulphur dioxide used at vinta11:e. Since the malo-lactic 
fermentation is most beneficial when it occurs in wines 
with low pH values, present work is concerned with 
the efFects of different factors on the acid tolerance 
of the bacterfo. 

13. DAIRY PRODUCTS. 

(D airy Research Section.) 

(a) General.-The better use of the non-fat milk 
solids produced in Australia remains one of the major 
objectives of the Dairy R esearch Section. Work to thi3 
end during the year has been directed largely to seeking 
application of the technical information already 
obtained, particularly in the addition of milk solids to 
bread, but progress has to some extent been hampered 
by lack of suitable development organization within 
the dairy industry. The rapid headway which has been 
made in developing a new cheese-making method must. 
also in the long run furtlrnr the better use of the non
fat solids of i'nilk. While the Section in its earlier 
history had largely to neglect fundamental studies, 

work initiated some years ago on the chemistry of 
oxidized flavour in milk has now given important 
results. 

Recent expansion of the staff has utilized the addi
tional space provided by the prefab_ricated buil~ing at 
Highett. The permanent laboratories on that site are 
being erected rapidly. 

As in previous years some . of th<-' _applied w~rl~ _of 
the Section has been closely hnked with the act1v1t1es 
of State Departments of Agriculture, as well as wi th 
many dairy product companies, and the co-operation 
of these organizations is gratefully acknowledged. 
Financial support for commercial-scale development 
of new cheese-making methods has been provided to the 
extent of £5,000 by the Australian D airy Produce 
Board. 

An officer attended the 13th International Dairy 
Congress at The Hague as an official Australian 
delegate. 

( b) The Vt ilizalion of Skim-milk S olids.- One line 
of investigation aimed directly at the use of skim-milk 
solids as hnman food is the development of products 
which will replace eggs in cakes and confections. 
Irregularities in the behaviour of the product for sponge 
cakes were eliminated by neutralizing with acid after 
treatment with a calcium-rnquestering agent and with 
alkali. A patent application for the process has been 
filed . The use of rather higher temperatures has 
permitted a shortening of the manufacture. 

(c) 0:i:id-ized Flavour in .ilfilk.- Bottled milk sup
plied in Australian cities frequently suffers from the 
flayour defect described as oxidized or cardboard . 
Investigation of the chemical compounds responsible 
for this fl.ayour has called for microtechniques for the 
isolation and identification of 2, 4-dinitropbenyl
hydrazones. These haYe been successfully developed 
and it has been shown that the flavour is mainly due 
to aliphatic 2-e11als in the S-10 carbon. atom range, and 
to 2, 4-dienals. About eight enals a11d at least four 
2, 4-dienals have been isolated from the steam distillate 
from cardboard-flavoured skim milk. 

(d) Susceptibility of Butter Pat to O:cidation.-In 
studies on variations in the inherent susceptibility of 
different butter fats to oxi<lation, fats prepared from 
the same milk under identical conditions have shown. 
appreciable var iations in rate of oxidation. Work on 
this project has been temporarily suspended. 

(e) Stability of Vitamin A in Skim-milk Powder.
One of the chief nutritional weaknesses of skim-milk 
solids, par ticularly for infant feeding and for use 
in Asiatic countries, is the lack of ,,itamin A. Synthetic 
vitamin A is available and the problem ~s to find a 
method of incorporating it in dried skim milk which 
will render it stable during storage at high tempera
tures. Various lipids with and without stabilizers are 
being tested as vehicles for the vitamin. 

(f) Structure of Dairy Products.-Investigations 
into openness, a common defect of the texture in 
Victorian butters, have been carried out in co-opera
t ion with the Victorian Department of Agriculture. 
The defect was found to be most common in butters 
from metal churns and with unwashed grain, and both 
temperature regulation in the churn room and careful 
control of all working conditions are necessary for its 
elimination. Variations in the chemical constants of 
the fats did not appear to be an important factor. 

A procedure for the fluorescence microscopy of fat 
in milk and dairy products using phosphine (in aqueous 
solution except for milk powders, for which a glycerol 
solution was used) was developed and applied. 

The fat-1,?;lobule membrane lies at the interface of 
the fat and aqueous phases in dairy products and is 
the site of mauy of the most important chemical and 
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pl1ysical changes which these products undergo. 
Elucidation of its chemical and physical structure ?as 
been undertaken as a major project, and much t1me 
has been devoted to a study of the literature. 

(g) Cheese Starter Studies.-Phage-carrying and 
lysogeny phenomena iu cheese starter organisms we1;e 
further investigated; one artificially prepared l.}'.soge1nc 
strain is operating successfully under commerciaf con
ditions. Studies on compatibility have been contmued. 

Further single-strain cultures suitable for commercial 
use have been isolated. The effect of various types of 
starters on the texture and fl:wour of Cheddar cheese 
has been investigated. 

( h) Cheese Manufacture.-As part of a broad 
project for the further mechanization of the c~eese
makinu process a o-encral review of the process itself 

0 ' "' • d . w:i.~ undertaken. In conjunction with the mtro uct1011 
b;y the United States Department of Agriculture of 
Streptococcus durans as a cheese starter, these investi
gation~ have already led to the development of a new 
method for the manufacture of Cheddar cheese. The 
total time for setting to hooping lrns been reduced from 
4¾ hr., the best previous Australian practice ( 5-7 hr. 
elsewhere), to less than 3·} hr. 

( i) l'iscosily of Grea-ni.-While many investigations 
have been rnnde overseas on the viscosity of table 
cream~, d:it:a on the viscosity of fresl1, acid, and 
ncutrnlized creams for bnttcr-mnking is not avnilablc 
to the designers of pumps and other cream processing 
machinery. Observations on the viscosity of a wide 
variety of such creams have therefore been made. 

(j) Of.her Invcsligidions.-Studies have been made 
on the use of refractive index as a measure of the total 
solids content in skim milk concentrated for drying; 
011 some technical aspects of malted and chocolate milk 
drinks; on methods for testing fat in milk, using 
surface active agents; on the effect of static charge 
on bulk deusit;y in dried milks; on the air content of 
butter; and on bacteriologiral defects in sweete.ned 
condensed milk. 

14. DRIED VINE FRUITS. 

(Commonwealth Research Station, Merbein.) 
·Drying rates for the latest commercial oils for the 

cold dipping of ~ultanas were compared in field tr ials, 
both earl.Y and late in the harvest period and for botb 
fresh and used dips. },fanufacturers had made some 
changes in their formulations, and this year no notable 
differences in drying rate were found between the 
various oils on the market. 

Laboratory comparisons lrnvc been made of some 
details of cold dip preparation for sultanas. In one 
trial, clegree of sulphation of the oil made little 
difference to the drying rate of fruit, but this result 
w11s complicated by au effect of sulphation on emulsion 
stability. In othe1· t rials cation and anion effects 
were examined. When potassium was used instead of 
sodium for neutra1izing a sulphated oil before its 
iucorporntion in a dip, 110 notable difference was found 
in dip behaviour. Confirming earlier findings, the 
use of sodium instead of potassium in the dispersino· 
medium for the oil added to the dip resulted in ; 
darker colour of the dried sultanas. With sodium salts 
se11 en Anions have hcen put in order of effectiveness in 
increasing rate of water loss, and their different 
behaviours in the presence of dipping oils ha~re also 
been assessed. The physical state of the emulsion 
appcnrs to be as important as the chemical ingredients 
in the dip, less stable emulsions increasing drying rates. 

I 111·estigations continued ou the use of the hot sulphite 
dip for sulta11as, which was used very widely in the 
mid-Murray :-uen during tho 1054 harvest. This aren 
produced frnit of better average quality this year 

than ever before. Probably this was due partly to the 
good drying weather and par tly to the widespread use 
of the sulphite dip. The bulk handling of fruit with 
a bot sulphite dip proved quite practicable and a start 
was made in establishing a relation between dipping 
time and dip temperature for the best result by this 
method. Tests over a full dipping day showed that 
no decomposition or selective removal of sulphite 
occurred. 

No advantage was found in adding sodium sulphite 
to the hot caustic soda dip for gordos, except possibly 
in inhibiting later insect attack. 

Experiments on rack dehydration at Woorinen, 
Victoria, were ag-ain conducted last autumn. Modifica
tions made to the equipment included the use of a 
large combustion chamber and a larger main fan driven 
from a tractor, and the distribution of hot air in 
ducts running from the centre of the rack to each 
end. These changes proved useful, although further 
improvements can now be suggested. 

15. WASHING OF DRIED VINE FRUITS. 

( Oen tral Experimental Workshops.,) 
Development of equipment for the washing of dried 

vine fruits is being undertaken in conjunction with the 
Australian Dried Fruits Association. The removal of 
dirt from the surface of the berries is a problem 
which has been confronting the industry for a long 
time. The difficulties arise from the fact that the 
fruit will deteriorate if left iu contact with water 
for any appreciable time, yet adequate washing 
nece~sitates a complete wetting of the surface, together 
with sufficient abrasion to r emove any dirt embedded 
in the folds of the skin. 

In order to obtain data for the design of suitable 
equipment to perform this washing operat.ion, a number 
of test rigs were 'built and tested to determine the 
factors influencing washing efficiency, damage to fruit, 
i.nd efficiency of remoYal of surplus washing solution. 
It was also found necessar.Y to develop a suitable 
method of measuring the cleanliness of fruit. 

This work led to the construction of a prototype 
machine which comprises a washing machine, a rinser, 
and a continuous-flow centrifuge which removes most 
of the water left on the fruit during the washing 
operations. Since the centrifun:c embodied certain 
nove1 features and appeared likely to have wider 
application, steps were taken to patent this machine. 

The complete wnshin~ machine, rinser, and centri
fuge equipment is being tested by the industry to 
determine its suitability for commercial exploitation. 
It has been s11own to be satisfactory in removing dirt 
from frnit, but nroblcms have arisen in connexion 
with the "packability " of the fruit after washing. 
ThPse n re thou,n;ht to result from the presence of more 
than normal sugar on the surface of the berry, but 
the factors influencin!l; "paekability" are not clearly 
understood and call for further investigation. 

XIV. FOREST PRODUCTS. 

1. G ENERAL. 

In spite of the wide range of eucalypts and other 
imecies of timber available, Australia is not a heavily 
forc~ted country. Full and pro-per exploitation •of our 
timber resources is therefore essentia 1, and this can 
onl:v be achieYed with t]1e aid of fundamental data 
on t:hc prnperties, pot.entialities, and correct methods 
of ht>ntment of our timbers. 

The Organization's Division of Forest Products, 
with its laboratory in Melbourne was formed to carry 
out _i nves:tigatious into Australia~ forest products and 
to give duect assistance to all concerned in the utiliza
tion of forest re1-ources. Its work is directed toward 
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the rno1'c effective 11~c of these resources by roduciJ1g 
waste in forest, mill, nnd factory; by 1·_cducin~ l osses 
from decny and insect attack ; and by 1mprovmg the 
quality of timber p rod1:;ccd in the ~ro~ving forest by 
study of the relationship between s1lv1cultural. t ~·e_at
ment and timber products. The work of tl10 D1~1s1on 
is r eported in this Chapter . ??1~1e work on timber 
pests is undertaken b.v the D1v1s1on of Entomnlog5· 
(sec Chapter IX.) . 

fli,vision of F'01·esl P1'oducts.- The timber and allied 
industries were once again operating at a high level 
dmi11n- the year. The recent recession has created a 
10.orc ~antious attitu<lc townr<ls imports, a desire to use 
availnble timbers to the utmost extent, and a recognition 
of the need for st:rndnrdization, improvemeut of prac
tices, &c. Under these conditions the demand ~or 
assistnnce in the applied aspects was comparable mth 
last yeflr, with some 8,000 inquiries nnd some 1,600 
visitors. 

Tu basic i1westiga tions, cmnhasis was again placed 
on tl1c structure of the wood' fibre, the chemistry of 
wood, and pul p :rncl paper work. On the applied side, 
fence post invcstigntions were g iven preference. To 
nlllintnin theoe acfo·i tics in addition to the heavy load 
of inquiric•s without incrcasi11g staff, has requi red 
~evere prnning of programmes in some fields. 

The Division suffered a serio11s loss in tl1c death 
of :Mr . . A. J. '£homas. lie was an officer of the Division 
iu pre-war dnYs, \\'as seconded to the Ministry of 
::\[unitions as Assistant Controller of Timber, and 
returned to the Division after a period in industry. 

Of recent :'·cars the woodeu ease industry has lost 
part of its m arket to fibre and metnl contn.incrs, and 
to arrest this trend improved design :md standardiza
t ion of packages appeared necessar,1. The Division 
was asked to r c-Pnter the field of case design, and it 
agrec<l to do this provi<liug a substn.utial contribution 
towards the cost was made by industry. 'Following the 
provision of approximntely £1,000 per annum for this 
purpose, tl1e 'Wooden Caso R esearch Committee, con
sisting of rcpresentatiYes of the conh·ibutors and 
officers of tl1e Division, was set np and investigations 
wero commenced. 

The DiYision was r epresented 11t the Eighth Pacific 
Science Congress in :Mani.l a. Tl1e officr1· in cliargc of 
wood and filu·e strnctme investigations made a short 
Yisit at the end of the year to nttencl conferences on 
wood anatomy antl celhilose chemistry in Europe. 

An-augcmcnts were made to locate sorue of t11c 
DiYisiou's timber meclrnnics work in the School of 
Engineer ing nt the U11irersity of Western Australia. 
One Research OJficcr, ono Tcclmical Officer, and an 
.\ssi:;t:iut were transferred to ,vestcrn Aust.rfllia, and 
investigations iJ1to the propcrtirs of wooden strnctur nl 
mrm bc1·s wc1·c com inenccd. 

Thr Forest Products Research Conference hekl in 
.ipr il, 195.J., in N elboun,c, was well attoHded by 
representatives from the State forest ser vices, the New 
Guinea Department of Forests, and the Forestry aud 
Timber Bureau, as well ns a number of other Common
wealth organizatious. 

The Pulp and Pnper Oo-opcrafo·e Research Con
ference was held in Oet ober, 1!)53, and was well 
atteHdcd by the representatives from the contributing 
companies. All companies hare now agreed to double 
their contributions for this co-operative work. The 
hghth Australian l=>u]p and P aper I ndustry Technical 
Association Conference was held in Hobart and a strong 
rontribntiou was made by officers of t.be Di,Tisiou. 

T he Division joined tl1c Division of Wood T ech
uolog_v of the New South Wales Forestry Commission 
in p1·oviding an exhibit nt the Architects' Convention 
i1~ S,ydney in May, 105,1, An exhi bit was also pro
nded fo1· the Australian Nature Show at Prahrnn 
1'own Frnll ('Melbonrue) iu October, 1953. 

Uourses of study at the Division were given to fifteen 
studeuts of the australian Forestry School, Canberra, 
and to six from the Victorian Forestry School, Ores
wick Lectures to students in architecture and 
forestrv at Mclboume Uniiersity were continued. 
The c;rrespondcncc course in kiln operation was con
tinued, eighteen students completing one or other of 
the two cour~es a \'aila ble. Twenty-six students were 
cl1l'o1led. A number o.f lectures and broadcasts were 
giveu thronghout the year on various subjects r elating 
to the work of the Division. 

The help and co-operation of the paper companies, 
the wooden case industry, the Oommonwe~lth Forestry 
and Timber Bureau, the State forest sernces, the New 
Guinea Department of Forests, and other branches of 
the timber and allied industries are gratefully acknow
ledged. 

2. ,v ooo AND FrnIIB STRUOTURE. 

(Dirision of Forest Products.) 

(a) Anatomical In1:estigations.-(i) Wood.-The 
study of the anatomy of timbers occurring in the 
south-west Pacific area has been continued, and woods 
of 1-hc Burseraceae, Cunoniaccae, Podocarpaccae, and 
Flncourtiaceae hu,·e been examined. The comparison 
of the anatomy of the New Guinea species of Notho
fagns witl1 t hat of the species occurriJ1g in other part~ 
of the world has now been completed. 

(ii) Bark-In the study of bark anatomy, 460 
specimens of 41 species of the genus E11calypltts have 
been collected and examined during tho year. It has 
been possible to make assessments of hybrids on bark 
fcatu 1·es, nud such assessments have coincided with 
those mado on morphological characters. 

(v) I dentificalions and Iclentificalio1i M elhods.
O,·cr 450 timber specimens from trade sources, govern
ment departments, and individuals ha~e been identified 
during the year. In addition some 800 speeimens of 
slecpc 1· timbers and 770 specimens of crossarm timbers 
\':ere identified in connexion· with surveys. Identifica
tions of several hundred N cw Guinea timbers have 
been made to assist in the botanical determinations of 
material collected by the New Guinea Department of 
Forests, and also by the Organization's Land Research 
aucl Regiom1 l Sm·,·ey Section. Over 160 timber speci
mens from Dutch ~cw Guinea were identified for the 
forest authorities there. F ifteen sets of card-sorting 
keys ba£ed on macroscopic features have been dis
tributed, and iuformation concerning card-sorting keys 
forwarded to forest aut.J1oritil'.s i11 the J>Jiilippines, 
Sarawak, and Imlonesia. 

( c) Teni;ion 11' ood.-Three different types of tension 
wood fibres Im ,·c been obsen cd. In each a typical 
p;C'latinous !Ayer is present but the number of other 
layers of the secondarJ' wn.11 varies, as docs their degree 
of lignificntion. Details -0f the fine structure of the 
gelatinous layer haYe been r evealed by the electron 
microscope. Field experiments have been carried out 
on stems and twigs with the object of studying the 
dc,•elopment of trnsion wood. It has been concl uded, 
from experiments to date, that the formation of tension 
wood is the r esponse of the stem or part thereof to 
€timnli 11ecessAry to achieve or maintain inherent 
chnractcristics of form. It has also been demonstrated 
tl1nt changos paro lleling those iu the wood take place 
in the bark. The bark fibres formed on the tension 
"·ood side haYo a structure comparable with that of 
tension wood nbres and different from that of the 
bark fibres on the opposite side of the stem. Various 
properties of tension wood such as woolliness on sawing 
high lo!1git11dinal shri1~lrnge, and irrecoverable collaps~ 
on dryrng have been rnterprctcd on the basis of the 
lrnowle<lge gained of the fine structme of thP various 
lnyc1·s of the cell wall. 
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(d) Cell IVall and Pib1·e S/.udies.-(i) 'l'he Inler
micellm· System of Oellitlose li'-ibres.-Tho capillary 
system of wood fibres is of importance in the penetra
tion of preservatives and reagents into wood. The 
ma~itudc of capillary spaces has been investigated 
in -fibres from spruce, various eura lypts, and flax, using 
tl1e method of gold dcpositio11 and determining the 
apparent crystal size of the gold particles from the 
line-broadening in the X-ray diffraction diagram. 
The earlirr objcctio11 to the use of this method, namely, 
that crystulliiation of tl1c gold in the wal_ls of th.c 
fibres artificially inc1·cascs the siic of the cap1llar1es, is 
justified, but the method does give some indication_ of 
the relatirc size of the capillarie3 hccanse the particle 
size of gold is grca tcr in the yarious specimens after 
they have been <lelignified. Examination of gold
impregnated material by menus of the electron micro
scope lins resulted in a Yisual demonstration of the 
intermicellnr system. The breadth of the capillaries in 
flax ranges bet~een 80 and 130 !, a value in reasonable 
agreement with tho 120 A deduced from X-ray results. 

(ii) The 1lf echa11is1n of Surface Growth in Plant 
C'ells.-E\'idencc has been obtained that surface growtl1 
in fibres and trachcids during differentiation proceeds 
by localized tip growth of the cell and, in the body 
of the cell, by the so-calle:d "mosaic" growth in which 
it is visualized that at a number of points in the 
primary wall the microfibrillar network of cellulose 
i~ pushed aside by 1ocalized cytoplasmic synthesis. 
'rhis process, acti11g under cell turgor, enlarges the 
surface, and the enlnrged area. is subsequently inter
wo,·en with new microfibrils of cellulose. It has been 
suggested that the tl1in areas pnrticipating in mosaic 
growth arc in fact areas in wl1ich the cell walls arc 
penetrated by plas11todesmata. In terms of this concept 
the co-ordiuatcd growth existi11g between the cells can 
be understood, and much of the minute anatomy of 
cell walls may be regarded ns manifestations of 
localiicd growtl1 occuning in the regions of what arc 
initially plasmodesmata. 

( e) Structure in. Relation to Properlies.-Spiral 
grain, compression wood, and 1:irge fibril angle are 
nnatomical features which are associated with the 
warping, twisting, and general misbehaviour of boards 
cut from young stems or the contre portion of certain 
plantation-grown conifc1·s. Specimens of Pinus taeda, 
P. caribaea, and 7'. 7101ulcros<t, nil species in whicl1 
trouble b11s been reported, have been nnd are being 
examined. High longitudi11al shrinkage values have 
been obtained for the wood from successive growth rings 
from tho pi th in P . taeda and P. z>onderosa, and this 
seems to be associated with lar~c fibrillar angles, which, 
instead of decreasing with age as expected, lrnvc 
remained high over some ££teen ~rowth rings from the 
pith. However, it is considered that factors other than 
lnrgc fibrillnr nnglc nrr involved and these nre being 
investigated. 

(f) Earl~ and Woorl Extraclives.-Tho leucoantho
cyanins have been estimated in scvernl tannin extracts 
by converting to anthocyanidins and determining these 
spectrophotometrieally. The method still requires 
further work before absolute values can be obtained, but 
n corrcl ntion hns been found between the nmounts of 
lencoanthocyanins present and the tendency for the 
extract to impart a red colour to the leather. From 
other considerations it is probable that leucoantho
cyanins aro responsible for this colour , which renders 
many eucalypt. ta11nins inferior as tanning agents. 
The reagent used in the estimation (propanol
hydrochloric ncid) bas proved vnluablc in ron,erting 
other leuconnthocyanins to rmthocyani<lius; tl1is 
hitherto could not be done efficiently. Attempts are 
being made to isolate these labile materials from black
wood and mallet. Extracts from barks of certnin 

cucaly1Jt .species have beell exa~iue<l chromato
grapbically to cleLcnnine whether thlB technique can 
assist in the identification of hybrids. 

3. W ooo CnEMISTRY. 

(Division of Forest P roducts.) 

(lt) Lignin and Related Compo1111ds.-i=:ending_co~
pletio11 of a Craig machine a small quantity of hgnm 
has been resolYcd by the counter-current method by 
hand. Cbromatogruphy on borate paper, which height
ens the fluorescence of lignin fractions, gave a single 
spot with u faint halo, probably indicating so~e _remain
inO' impurity. Oxidations of some pulps contammg only 
si:an percentages of lignin llave been carried out and 
the oxidation products shown to be substantially the 
same as those from native lignin, i.e., mainly vanillin 
and syriugaldehyde. A quantitative method for the 
determination of these products has been evolved. 
The behaviour of several different sugars during Klason 
treatment has been studied; only fructoso produced a 
significant amount of a substance indistinguishable 
from acid-soluble lignin. 

(b) Wood C'a1·bohyclrates.-The two fractions of the 
water-soluble carbohydrate ma.terial prnpared from 
methanol-cooked wood have been examined by acid 
hydrolysis and separation of the resulting sugars on 
a cellulose column. Fraction 2 (precipitated by 90 
per cent. ethanol) gave glucoronolactone, xylose, and 
galactosc. Crystalline derivatives h ave been obtained 
from the xylose and galactose, and their identity 
confirmed by X-ray powder diffraction diagrams. 
Fraction 1 (precipitated by 60 per cent. ethanol) 
appears to differ chemically from fraction 2. Investi
gation of the alkaliue extraction of wood (Eucalyptus 
regna11s) indicated tlrnt the maximum yield of a lignin
frce pulp obtainn ble by alkali cooking would be 55 per 
cent. Treatment of holocellulose with 0.1 per cent. 
sodium hydroxide left a residue equal to 66 per cent. 
of tJ1e original wood, but treatment with 5 per cent. 
nlkali left a 53 per cent. residue. Evaluation of the 
paper-making quality of these residues showed that 
the one containing the large amount of non-cellulosic 
polysaccharide gave better bonding in the unbeaten 
state and developed bonding more rapidly during 
beating. 

( c) The 11! echanism, of Delignification.- A more 
detailed study of the influence of chip slrnpe on the 
delignificntion of E. 1·egnans wood by sodium hydroxide 
and by sodium sulphide has been completed. The 
results show that the rate of delignifieation is greater 
in the longitudinnl direction than in the radial, and 
least in the tangential direction. This effect is much 
m~re definite with sulphide than with hydroxide 
cooking. P entosan rnmoval appears to be independent 
of the shape of the chip. 

(cl) P1tl7>ing of New Ouineii Woocls.-Pulps were 
produced from Armicari<i spp. in yields of 54-59 per 
cent. by the sulphite process, but their strength 
properties, particularly tearing resistance, were much 
lower than for the corresponding sulphate pulps. The 
sulphite pulps had low pentosru.1 contents and this, 
together with the high yields, indicated that they might 
have possibilities fo t· conversion to a dissolving grade 
pulp. 

R epresentative samples of Eucalyptus de,qlupta and 
Rh·izophora apic1tlalct pulped 1·eadily, using the sulphate 
process, to give pulp yields of 50 per cent. The 
former garn a pulp only slightly inferior in strenl!th 
properties to commercial eucn lypt kraft pulps. The 
latter compared fnyourably in tearinir strenath, bnt was 
lower in all other strength properties. :Mixtures of 
woods of the mangrove association have been pulped 
successfullv by the sulphate process. Preliminary 
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investigations have indicated that some of the light
coloured, low density woods may be used for the 
production of groundwood. Of these Gamplostemon 
schultz·ii and Rxcoccaria spp. are the mo.st promising. 

( e) Beater Stud·ies.- Comparisons have been made 
between the beating effect of the standard Lnmpen 
mill and that of the same mill when fitted with a balJ 
of standard weight but 2.5 mm. less than standard 
diameter . Tl1e non-sta ndard ball beat at about half 
the rate of the normal ball. The precision of the 
Aylesford beater has been increased by improving the 
setting and alignment of the beating surfaces. Inrnsti
gations have involved beat ing at certain fixed clearances 
between the beater surfaces, using different cone speeds. 
This gave a pulp which, at the highest cone speed and 
the lowest clearance, showed strength developments only 
slightly less than those obtained with the Lampen mill. 
There was little evidence of fibrillation of these pulps 
when obser ved at high magnifications. 

The presence of direct dyes of the benzidiue class 
has been ~hown to influence the beating characteristics 
of pulp. Eucalypt pulp beaten in distilled water 
containing small but increasing amounts of congo red 
showed increases in strength properties, the amount 
being propor tional to the logar ithm of the dye concen
t ration. Tl1is effect was shown to be due to the dye 
itself and not to its reactive groups. 

(f) Folding Endtirance.-The performance of the 
Kohler-Molin fold tcstcl' bas been investigated for a 
r ange of eucalypt papers. This instrument incorporates 
many improvements suggested by earlier investigations 
on the :M.I.T. fold testel'. A detailed study Jias been 
made of structural fac:tors influencing the folding 
endurance of paper, and of tbe rela t ion between fold 
and rheological p roper ties. The use of -fibre fractiona
t ion, fibre blending, and ot.her procedures pointed to 
the stro11g influenc:e which fines exert on the folding 
endurance, at constant basis weight. rart of this effect 
may operate through differences in density. 

(g) Rheological Properties of Paper.-The rheo
meter which was built in the Divisi on h as been used 
to record stress-strain, creep, and relaxation curves on 
paper str ips in tension. The development of tension 
within the drying sheet at constant length, and the 
change in length a t zero stress, have been followed as 
functions of time and moisture content for cucalypt 
kraft papers beaten to different degrees. The rheometer 
was also used to impose directed stresses on wet stnps 
so that the mechanical conditioning imparted to 
machine-made paper by the tension on the draws could 
be simulated under con t.rolled conditions, and its effect 
on the paper properties assessed. The effect of drying 
under isotropic restrain has also been examined. 

(h) The Mechanism, of Bcating.- An examination 
was made of the effect of colloidal material liberated 
during beating on the proper ties of the paper. The 
results suggested that the colloids which can be removed 
readily from the fibre do not play a leading part in 
the development of strength. Experiments on the con
t ribution of fine fibrous material to paper strength led 
to the formulation of the hypothesis that the post-yield 
portion of the stress-strain curve depends primarily on 
the inter-fibre characteristics of the paper and that 
the initial portion reflects the nature of the fibre 
network itself. Very highly beaten pulps yield papers 
with properties rather similar to papers made from 
fine pulp fractions. 

(i) 11dhesion within Paper Sheets.- Ohemical modi
fication of cellulose fibres has been used to reduce their 
hydrogen-bonding capacity and to study the effect on 
the resultant properties of the paper. 

(j) Viscosity Studies on Gelli1lose.- The intrinsic 
viscosities in cupriethylenediamine of beaten and 
unbeaten a-cellulose, par tially acetylated a-cellulose, 

and e ucalYT>t and pine kraft pul p have beeu deter
mined. N ei tber beating nor light acetylation materially 
affected the intrinsic visrosi ty of the a-cellulose, which 
was c. 2.8, 11or the slope of the reduced viscosity
concentration curve. 

(k) Grovndwood ln·vesti,r;alio11s.-In collaboration 
wi th the research staff of a newsprint mill, studies have 
been commenced on the rheological properties of 
han<lsheets made from typical pulps of different 
qualities. It was fow1cl that for a pa l't icular wood 
specimen, tenacity, extensibili ty, Y oung's modulus, and 
l'upturc enel'gy all increased as 1hc fret'ness was 
reduced by varying the gl'inding procedure. Rheological 
tests wel'e also made on the woods from which the 
pulps were derived, with the aim of developing an 
index of groundwood quality. 

4. TnrnER PHYSICS. 

(Division of Forest Products.) 

(a) Sorz,l·ion Studies.-(i) Sorption Phenomenar
In the study of the effect of t emperature on the sorption 
of water by wood in vaciw the humidity is now being 
satisfactorily cont rolled by sulphuric acid solutions. 
Measurements already made i11dicate that the width of 
the hysteresis l oop decreases wi th increase in 
temperature. additional apparatus has been eon
st.ructecl to extend the tests down to - 40° C. 

To study sorption at relative humidities above 98 
per rent. a pressure membrane apparatus has been 
designed and a prototype constructed, based on that 
used for the study of soi l moisture equilibria. 

The prcci-sion calorimeter for studying the heat of 
so1·pti•rn of water by wood has been further developed 
by i1w.orporating a precision A.O. br idge to measme 
the tc·1111,crature rise o.f the calorimeter vessel. 

Exj>h-1·atory te~ts were carried out on the removal 
of moisture from wood by extraction with a diacetone 
alcohol-petroleum ether mixture. It was found that a 
r epor ted reduction in shl'inkage was due to retention 
of some diacetone alcohol by the wood, and subsequent 
evaporation was accompanied by shrinkage to the 
normal extent. The method is considered to have no 
practica l application in the seasoning of wood. 

In estimating shrinkage intersection points, tests 
have shown that the value calculated from shl'inkage 
between 12 and 5 per cent. moisture content is not 
significantly different from the true value obtained by 
extrapolation of the straight line portion of the 
shrinkage-moisture content curve. Differences have, 
however, been observed between the true shrinkage 
intersection points and the value calculated from ba;1c 
density and volumetric shrinkage to 12 per cent. 
moisture content. 

ThP- equilibrium moisture content of Pacific island 
timbers with unusualy low intersection points is being 
compared with that 0f normal species. 

(ii) S hrinkage and Density Measurements.
Shrinkage and density tests have been completed on a 
group of nor th Queensland species, on seventeen Pinus 
radiala _trees of_various ~ges, and on 101 trees of major 
Austrah~n species on wh1c_h furthP.r data ,vere required. 
T he sh rmkage and dens1ty of the wood of certain 
eucalypt l1ybrids and parents have been further 
examined; the properties of the hylH'id are intermediate 
between those of the parents. 

The shrinkago-rnoistnro content relation for a wide 
range of hardboards has been further investi"'ated tests 
b . . .l ,, ' 

emg carneu out over repeated CJ'Cles of conditioning. 

. ( iii) ( '1·e~1J rrnrl Tlf'ln!ed Phenomena.- ;\ quantita
tive compan son of creep at constant stress with stress 
r elaxat ion at constant deformation showed that to a 
first approximation wood behaves as a linear viscoelastic 
body. The response to any loading condition can 



91 

t?eref?re be predicted approximately if a sing}~ rela
t1onsh~p, e.&., the creep function, is known. Deviations 
from lmeanty appear to be due mainly to irrecoverable 
deformatio1! increasing more than proportionally with 
stress. !his was corroborated by the results of shear 
and tension tests. Creep at high stresses was observed 
~o occur, not continuously, but in rapid discrete 
mcre!nents. Macroscopic and microscopic local com
pression failures were found to require time to develop, 
mcreasing with time even wl1en the overall deforma
tion was constant. 

Further tests on air-dry mountain ash beams under 
:ontinuous loading and during recovery after unload
mg lrnve confirmed previous findings as regards the 
form of the creep function. Seventy-five per cent. 
of beams loaded to three times the design stress have 
failed after periods varying from two to 18 months 
and 50 per cent. of beams loaded to twice the design 
stress have failed after two and a half to three years. 
The Young's modulus of air-dry mountain ash in 
])ending was found to increase somewhat with time 
under load. Additional observations on green and dry 
mountain ash under either continuous tensile or com
pressive stresses have confirmed that creep continues 
for at least three years in tension and one and a half 
years in compression. The proportional increases in 
strain are similar in both tension and compression for 
periods of at least one and a half years; t he increases 
for green material are slightly higher than those for 
dry. No creep has been observed in dry compression 
specimens held under stresses of less tlrnn 10 per cent. 
of the short-time strength for one and a lrnlf years. 
In tension and bending, creep was observed at these 
low stresses. 

(iv) Electrical Prop~rtics. - The dielectric co11-
stant and power factor of samples of white cheesewood 
from five trees imprngnilted with boric acid and borax, 
each at seven concentrations, lrnrn been measured at 
five frequencies and three moisture conte11ts. No 
significant change i11 these properties was detected as a 
result of impregnation with boric acid. The results 
for borax impregnation are being analysed. 

Moisture meter corrr.ction figures have been deter
mined for a further eleven species. 

(v) Strain, Ga1iges.-Limited tests have been made 
on printed foil gauges, glued with various "epoxy" 
resins, to determine their suitability for use on wood. 

A 5-in. single-strand wire gauge lrns been developed 
for tests on beams to check the movement of the 
neutral axis during continuous l_oading. 

J\. new type of bridge for use with electrical r esistance 
strain gauges has been developed. It is designed 
especially for creep tests and incorporates inductive 
r :itio arms. 

5. Trnrnmi MECHANICS. 

(Di vision of Forest Products.) 
(a) Studies of Properties a.nd Tes ting ill ethods.

Tl1c relationship between impact strength and moisture 
content is more ,complex than for static strength pro
perties, and attempts to establish an empirical formula 
have not been successful. 

Data obtained from investigations of the effect of · 
size specimens in the determiuation of Izod value have 
been analysed. Comparative studies of the dropping 
ball technique and the ,Janka hardness method in<licatc 
that they give values which are closely correlated with 
each other and also with the density of the wood. 

A preliminary investigation has been made of the 
effect of different rates of loading in the testing of 
fibreboards. This indicates that the effect of rate of 
loading is similar to that for timber testing. It has 
shown also that in bending tests the span, the shape of 
the support, and the friction developed all have a 
significant effect on the modulus of rupture. 

(b) Species Testing.-Material for mechanical test
ing came from South Australia, Victoria, New South 
Wales, and Queensland, and species tested included 
brush box, tal_lowwoo?, turpentine, spotted gum, rose 
gum, an? various stnngybarks, boxes, ironbarks, and 
peppermmts. A full range of tests was completed on 
green material from 80 logs and on dry material from 
ap1)roximateJy 170 log~. In addition minor tests were 
conducted on green material from 10 logs and on 
dry material from 17 logs. Tabulations are being made 
of the mechauica1 proper ties of approximately 100 
A.ustr::i lia.n species. 

( c) Silvi cultural Tesls.-The investigations of the 
relation ship between silvicultural tr eatment and 
mcchm1ic11l properties of pines have been continued 
with tests in compression, bcndii1g, and toughness on 
specimens of P. ·laeda, l'. carribaea, and P. radiala. 
Density irnd percentage late wood determinations 
hnve also been made. The data from a very large 
number of tests are being analysed, but already it is 
clear that density alone accounts for more than 80 
per cent. of the variation in strengt.h of wood, and that 
density and age together accom1t for nearly 90 per cent. 
of t.he variation. Rate of growtl1 appears to have no 
significant effect on strength other than ind:u-ectly from 
its high correlation with both density and age. 

From determinations of mechanical properties, it 
annears that the hybrids are intermediate between the 
pa rent_ species in strength, and their p roperties vary 
accnrdwg to tlie degree of hybridization. 

A new morlel microtester has been desi,,.ned arn:l 
placed in service. It is being used to dctermin~ whether 
the tensile strnngth of early wood and late wood of P. 
radiata varies with distance from pith. 

( d) Timber Conslrw)lion.-Long-time loading tests 
on simple tension joints with split-ring connectors and 
shear plates have con tinned for nine years. .Analysis 
of results has now commenced. 

Testing of model columns under constant long-time 
loading has continued. Altogether 218 columns have 
been set- up, 107 of mountain ash, 6i of yellow stringy
bark, and 44 of Douglas fir. Three slenderness ratios 
and three degrees of eccentricity are represented. All 
columns were erected green, but 91 have been allowed 
to <lry out. To date, failnrc has occurred in 102 of 
the 125 columns loaded to 70 per cent. of their estimated 
short-time failure load. In tbe 60 per cent. loading 
group, .30 have failed out -of 68 set up, and in the 50 
per cent. loading group, twelve have failed out of 25 
set up. There is some indication that under the same 
percentage of the short-time failing loads, the more 
slender columns are a Lle to survive for longer periods 
tbau t he short colunrns, but this will require con:fir
ma tion. No significance of eccentricity of loading on 
column life is apparent at tJ1is stage of the investio-a
tion, but generally it appears that colunrns drying iut 
foil more rapidly than matched columns kept green. 

Investigations are being made of the effect of o-rain 
slope, gam veins, gum pockets, and pin-boks oi the 
?trength o~ jarrah scnntli.ng material. To simplify 
111terpretat1011 of results and to reduce the number of 
tests required to a minimum, specimens are beino
selected with the particular defects within preselected 
r.0~10s. The first scantling si~e being studied is 4 by 
2 mchcs. Matched dear spectmous are being te.~ted in 
hcnding and compression. 

A study is being made of the holding power of case 
nails in radiata pine, mountain ash, and karri. 
Variables include nail type and gauge and timber 
moisture coutent at driving and withdrawal. Similar 
:'tndies are being made with buildi11g nails driven into 
karri and messmate strii1gybark, and include the 
strength of structural nailed joints using single llllils 



in single and double shear, withdrawal tests, aud the 
influences of rusting. Radiography is being used to 
study nail and timber r eactions under load. 

(e) Growth Stresses in Trees.- Further investiga
tions have been made on factors which might be 
1·esponsible for the development of splits during the 
heating of veneer logs. Species testecl include radiata 
pine, alpine ash, and Douglas :fir. An analysis of 
results indicates that for both alpine ash and ra<liata 
pine there is a highly significant decrease in strength 
perpendicular to the grain with increasing tempera
tures (110 to 210° F .) for all durations of pre-heating 
( 4 min. to 72 hr.). For the lower part of the tem
perature range there is no significant effect of duration 
of pre-heating on strength, but in the upper part of the 
temperature range the decrease of strength with 
increasing time is highly significant. 

6. TIMBER PRESERVATION. 

(Division of Forest Products.) 
(a) Genera'l.-There bas been marked interest in 

the design and operation of wood preservation plants 
and in the economics of commercial treatment of 
sleepers, poles, crossarms, and other outdoor timbers. 

(b) Field Tests.-Tbe sel'Vice tests of mil and tram 
sleepers, poles, fence posts, &c., which have been 
installed periodically .since 1030 are of particular 
importance at present in demonstrating the benefits of 
treatment and in selecting preservatives and the best 
methods for their application. 

During the year an inspection was made of radiata 
pine tram sleepers treated with creosote oil and 
installed nt Ballarnt in 1936. The treated sleepers are 
performing better than durable eucalypts in compara
tive te,ts. Treated New Guinea mangrove rail sleepers 
recently installed in the Melbourne metropolitan 
system arc so far be]iaving favourably. 

Installation of cucalypts sleepers treated with various 
preservatives in the Division's experimental high
pressure vhmt was commenced duriug the year iu 
co-operation with the Victorian Railways. This test 
will include 3,000 sleepers and installation at the first 
of three sites has now been completed. Tests of 
treated sleepers will also be made in other States. 

(c) Causes of Failure of Rail Sleevers in T asmania. 
-In a survey of rail sleepers made in co·OJ)erntion 
with officers of the Tasmanian Railways and the 
Forestry Commission of Tasmania, sleepers were 
examined in 42 different localities and the causes of 
failure dctermiued for the different timber species used. 
Mechanical deterioration at the rail seat, combined 
with decay, were the principal causes of failure. 
Pressure treatment with a·preservative oil could greatly 
~ncrease service life and, as the life of untreated ;Jeepers 
1s at present. only about eleven years, trcntment is con
sidered to be economic. 

(d) Pres<wvative Treatment of Poles and Orossa1-1n.s. 
-Field tests of preservative-treated poles, and the 
results of the Division's recent survey of the causes of 
failure of cros,:arms, have been discussed with the 
Postmaster-General's Department and other pole
using authorities. As a result several treatment plants 
are now projected and officers of the Division are 
giving technical assistanro in their design. 

( e) Development of Preservative Trentments for 
Fence Posls.-During the year an intensive investiga
tion has been made of treatment methods and equipment 
suitable for use by farmers for the preser,1ation of 
ronnd fence posts. The fom methods recommended 
have given presern1tive absorptions proved adequate 
in service tests extending over the last twenty years. 
Simple treating equipment has been designed and a 
portable unit assembled in n t.rniler for demonstration 
at country centres. 
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_.\ surrey of fencing practices throughouL Australia 
Jias also been conducted to assess the particular prob
lems which exist in different States. 

(f) Properties of Wood Preservatives.--:--Compara. 
tive tests wi th sapwood blocks of mountain ash and 
radiata pine have shown that timber sp_ecies exerts 
a considerable effect on the rate of leachmg and the 
degree of permanence of more importa_nt water-bor~e 
prcserrntives. With some preservatives the!·e 1s 
differential retention of the component salts even m full 
cell pressure t reatments. Tests are now in progress 
to determi11c the eil'ect of the pH of the leach water. 

Some of the leached blocks h ave been used to deter
mine residual decay resistance by the so!l-jar metho_d. 
Preservatives most effective in preventmg decay m 
small blocks (1 en. in.) after 128 days' continuous 
leaching in distilled water were those based on arsenates 
or arsenites of zinc, copper, or nickel. 

(g) Timber .Afycology.-The main line.s of work 
included: continued laboratory tests to determine the 
relatfre resistance to decay of the principal Australian 
timbers, similar tests to detcrmu1c the relative protec
tion, after weathering, afforded by eleven types of 
copper naphthenate and two types of naphthenic acid 
as compared with <!reosote oil and pentachlorophenol; 
identification of wood-destroying fungi from their 
cultural characteristics; laboratory production of fruit
ing bodies of l>asidiomyeete fungi; effects of degree of 
aeration on the rate of decay in the soil-jar technique. 

The tests with metallic naphthenates indicated that 
copper naph thennte prepared from acids of low acid 
number (below 200) is relatively unsatisfactory, but 
failed to show irn_y mai·ked advantage i.n using acids 
of very high acid number. Results also indicated that 
naphthenic acids shonld liave considerable value as 
wood preservatives. 

(h) Termite Resistanl Plywood.-An investigation 
has been made of t reatments to increase the termite 
resistance of plywood intended for use as flooring. 
Momentary dip treatments of 1/io in. green veneer of 
two eucalypt species were made using six different 
water-borne I)reservatives. Treated veneer was bonded 
into ½ in. plywood and speciments were supplied for 
laboratory te1·mite resistance tests by the Division of 
Entomology. Two preservatires, sodium pentaborate 
and a zinc chloride-arsenic pentoxide mixture, when 
used in approximately 7 per cent. solution gave com
plete protection against Goptote1·mes acinaciformis. 
Precautions necessary in bonding were also studied. 

(i) Timber Borers.-Tests are in progress to deter
mine the miuimum concentration of several preserva
tives required to prevent attack by the Lyctus beetle 
in seasoned sapwood of three susceptible timbers. 
Preservatives include "Tanalith ", "Boliclens" normal 
salt, boric acid, arsenic pentoxide, and zinc chloride. 
Co-operative tests with the New Zealand Department of 
Scientific and Industrial Research have also been 
commenced to determine the degree of susceptibility of 
racliata pine to Anobium pmictaforn. 

(j) .ilfiscellaneoits.-Various fungicides have been 
tested for effectiveness in rotproofing of paper and 
satisfactory results obtained with phenyl mercuric 
acetate, copper pentaohlorophenate, and mercuric 
naphthenate. Other mis~ellauous investigations include 
tosts on the decay resistance of cork and on the 
tolerance of various wood-destroying fungi to arsenic. 

7. Trru:nEn. SEASONING. 

(Division of Forest Products.) 

(a) Genera.l.-Industry continued to draw on 
seasoning research and technical facilities to a most 
marked degree. A trend towards installing driers as 
a menus of improving plirnt effiriency continues. 



( b) Drying Studies.-Studies were commenced on 
the influence of physical conditions on vapour move
ment in hardwoods. Work on the value of platen 
drying for veneers of the difficult "ash" eucalypt 
specie.;; was completed. Early impressions of the 
superiority of kiln and roller drying were confirmed. 
Studies were made of the effect of seasoning conditions 
on the rate and quality of drying of jarrah blocks _for 
carbonizing. Consideration was given to ~e quantita
tive evaluation of dryin°· degrade in sawn tunber. Work 
to determine the moist~u-e content of railway sleepers 
in service was continued, and earlier impressions that 
the core moisture content rarely if ever falls below 
"fibre saturation point" in the Melbourne area were 
confirmed. A further assessment was made of the 
influence of hio-h temperature on the equilibrium 
moisture content"' (E.M.O.) of wood, particularly when 
drying in superheated steam and superheated steam
air mixes. A new E.M.C. control chart was prepared. 
F ield studies determined the application of high dry 
bulb and low wet bulb temperatures, and rapid drying 
at hi«h air velocities, as optimum kiln conditions for 
1116 in. thick karri veneers. Kiln schedule studies of 
mangroves, red stringybark, and a mahogany grown in 
Fiji were completed, and work on brown barrel of 
Victorian and New South Wales origin was continued. 
Limited studies on yertclmk, maiden's gum, southern 
mahogany, and grey box were commenced. 

(c ) Kiln Design and Equivment.-li new design of 
veneer kiln permits tray racking to be superseded by 
faster and more economic finger racking. In a com
mercial prototype, drying t imes of 65 minutes and 45 
minutes are being obtained from 1/16 in. thick veneer 
of karri and ramin. Drying degrade has been greatly 
reduced. The major design feature is a double diffuser 
rcrcen iu each of the plenum chambers to permit high 
air velocities at a static head not greater than 0.6 in. 
water gauge. 

The design of pre-driers was further developed, 
particularly with respect to heating and instrumenta
tion. Performance tests were made on a uni t with a 
charge capacity in excess of 200,000 super. feet, which 
is now operating successfully in Tasmania. Three 
additional units designed by the Division are almost 
complete. 

Ninety-one visi ts were made to seasoning plants in 
all States to advise industry on the recognition and 
recovery of merchantable material, 8,000,000 super. 
feet of badly deteriorated timber, the modernizing of 
obsolescent kilns, the reduction of warp in timber and 
shrinkage in flooring, the improvement of plant 
efficiency, the suitability of handling equipment, kiln 
operation, kiln boiler performance, veneer drying, and 
moisture content control; and in one instance, to take 
charge of plant production temporarily to avoid a 
shut-down. Designs for kilns for sawn timber, core 
stock, veneer, and plywood were prepared for twenty 
firms in Australia and New Zealand; approximately 
300 drawings were issued. Many discussions were 
held to clarify kiln construction methods, to assess the 
economics of operation, and to advise on superheated 
steam drying. Performance tests were made on a 
"packaged " k iln of European origin and new to Aus
tralia. Designs for McCashney burners were prepared 
for 38 firms; a modified clesigu for burni11g green 
radiata pine sawdust of large particle size was developed 
and pr oved successful. Electronic equipment, designed 
to indicate automatically when drying veneer reached 
a predetermined moisture content, was developed and 
testing commenced. An attempt is being made to 
correlate temperature drop across the sheets with 
moisture content. 

( cl) Collapse.-Stndies WP.l'P. commenced to find a 
quick field means for identifying collapse-susceptible 
timbrr in log- form . Experimental work was 
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commenced to examine the influence of temperature, 
vapour pressure, total pressure, drying rate, and a 
number of special pre-treatments on the intensity of 
collapse and recovery. 

(e) Seasoning Corresponding Committee.-A Timber 
Seasoning Corresponding Sub-Committee, with the 
Division as convenor, was established within the frame
work of the British Commonwealth Forestry Con
ference Standing Committee on Forest Products. 

(f) Jl1iscellaneous.- The sufficiency of components 
of air-portable photographic huts was examined on 
behalf of the Royal Australian Air Force. Informa
tion on Australian seasoning practice was prepa1·ed for 
forestry authorities in Spain, Brazil, Chile, and 
Argentina, and for a supplier of Australian timber 
to the United States Army in Asia. The nature of 
"burning" in bagasse-resin combinations pressed at 
high temperatures for hardboard manufacture was 
studied. Preliminary studies were made of methods 
for preventing deterioration of timber iu log dumps. 
A limited study of the accuracy of a high-range 
resistance type moisture meter was commenced. 
Studies were made of methods to prevent jamming of 
wooden components in cash registers used under " wet" 
conditions. The value of commercially reconditioned 
kar:-i wa8 examined. Studies were made of the drying 
of plaster board, the drying of case shooks, the condi
tioning of paper food containers, the influence of 
freezing on shrinkage of wood, the drying of shavings, 
and the drying of ragwort. 

8. V°ENEElt AND GLUIN'G. 

(Division of Forest Products.) 
(u) G-eneral.-A restricted programme of work in 

the veneer and gluing field was undertaken with a 
reduced staff. The officer in charge of this work spent 
most of his time on wooden case research investigations. 

( b) V eneei· G1dting and Utilization.- Veneers were 
cut fom plantation grown logs of several coniferous 
woods in connexion with studies on the effect of knots 
on peeling knives, on distortion of the veneers during 
drying, and on the buckling of plywood made from 
them. Faces of knotty pine and centre veneers of the 
more rigid eucalypts minimized the tendency for the 
knotty veneers to buckle the plywood. 

Logs of hekakoro ( Gl1da sp.), a New Guinea timber 
ll'l1ich has a h igh silica content, were peeled, dried, 
and glued into plywood. 

( c) M·iscellcineous Activities. - The Division co
operated with other Divisions, Commonwealth and 
State Govemment Departments, and industry by giving 
advice or assistance on topics including equipment for 
plywood plants, cutting techniques for peeled and sliced 
veneer, plywood corestock and furniture manufacture, 
glues for various pmposes, development of a convenient 
hand-operated glue spreader, laminated railway 
sleepers, diving boards, and adhesives for end-grain 
floor blocks. 

( d) Wooden Gase Research Activities.-A general 
survey was made, commencing in the forests and saw
mills a11d finishing in packing J1ouses, railways, and 
wharves. Recommendations made have led to 
improvements in seasoning practices, the prevention of 
sap stain, improved selection of shooks, and the wider 
nse of cement-coated or processed nails. Special atten
tion has been g iven to cases for export of fresh fruits, 
dried fruits, and other commodities. .A. design and 
specifications for a lightweight nailed case has been 
approved by the Interservices Committee on Packag
ing for the transport of clothing for the armed services. 
.Adoption of this specification has resulted in a direct 
saving of about one-third of the cost of the wooden 
container previously employed, with further advantages 
accrning from tl1e reduced weight and volume. Some 



94 

means of co-ordinating the production of short lengths 
of timber in saw-mills with the requirement of the 
case-maker are being sought. 

9. Tii\rBEii U'l'ILIZA1'ION. 

(Division of Forest Products.) 

(a) Timber Uses.- Information was supplied on 
timber for some 100 uses, and data were given 011 the 
properties of some 80 timbers. 

(b) Jlia1mfacl1tring Processes. - I n response to 
requests for assistance in planning new or improving 
existing plants, lay-outs were prepared for six saw
mills, two planing mills, one joinery works, one 
:firewood yard, and two timber yards. Advice was 
given on production techniques for small pines, and 
on general saw-milling practices. R econunendations 
were made of methods for converting under-story 
species found in the eucalypt forest of a paper company. 
Advice was given regarding the design or operation 
of some ,10 different classes of milling and :finishing 
equipment. Other services were rendered in connexion 
with the finishing of flooring, furniture, bench tops, 
and turnery; the bleaching of wood; the construction 
of log cabins and portable huts; the remedy for 
squeaking floors, and the manufacture of wood-wind 
instruments, wood-wool, wood flour, and wood-cemen~ 
boards. 

( c) Waste U tilization.- lnforma tion was made 
available on briquetting and on uses for saw-dust 
generally. Attention of saw-millers and factory 
engineers was drawn to the value of saw-dust for 
steam generation. A study was made of the volume 
of saw-mill offcuts suitable for chipping at a Victorian 
saw-milling centre and interest aroused iu its value 
for pulping. 

Following the hydrolysis of one ton of sawdust 
for field trial as a soil improver, work continued in 
the laboratory and in the field. Investigations were 
continued to determine the influence of wood: water 
ratio, temperature, and duration of cooking on the 
alkali solubility of the product. From the field trials 
begun in April, 19:33, soil samples were examined and 
pasture establishment observed. A heavy application 
of treated sawdust was found to induce nitrogen 
shortage where the nitrogen content was initially very 
low and to delay growth of pasture, although the 
recovery evident by the next auturru1 was quicker than 
with fresh sawdust. Nitrogen has been added in 
various quantities and its effects are being investigated. 
Further trial plots have been established in a second 
area in collaboration with the Victorian Soil Conserva
tion Authority. 

Methods have been sought for using micro-organisms 
in rapidly decomposing the no11-ligni11 portions of 
finely-divided wood waste, leaving a residue suitable 
for use as a soil improver. Wood-destroying fungi 
have been isolated and tested, and investigations of 
the optimum conditions for their growth and for the 
decomposition of mountain ash sawdust have been 
carried out. To date some 42 samples have been tested, 
of which two have produced appreciable break-clown 
of sawdust. 

A study has been made of the optimum amounts 
of moisture and nitrogen for decomposition of mountain 
ash sawdust by Goniophom cerebella. After twelve 
weeks the caustic solubles were determined. Greatest 
decomposition shown by this test was obtained with 
0.5 per cent. peptone and 100 per cent. water. 

Examination of cases of fresh grapes packed in 
$awdust showed that their condition after stora.,.e in 
Sydney and after export t? Singapore was as go~d as 
th:1-t ?~ grapes packed 111 granulated cork. The 
su1tab1hty of sawdust for packing fresh grapes for 

export has thus been_ demon~trated. Packers and 
shippers are arrangmg shipments to establish 
acceptance by traders. 

I-Iardboards were produced experimentally from 
mixtures of "elatinized fine sawdust and attrition
milled coarse ~awdust. Conditions were found under 
which stren«ths comparable with those of commercial 
hardboards 

O 
were obtained. Promising boards of 

attractive appearance and strength were also produced 
from water-cooked sawdust. 

( d) Sawing.-Investigations with chain saws _and 
circular saws were continued. The effect of height 
and hook angle of teeth in scratch type chains has 
been further studied. Preliminary experimental work 
on gouge type chains was commenced and improve
ment in performance was achieved by modification of 
teeth and gauges. 

( e) Standards.- Collaboration with the Standards 
Association of Australia was continued on matters 
concerning tin1ber standards. Chairman's duties were 
undertaken for several Sectional Committees function
ing under the Timber I ndustry Committee and 
technical service rendered in drafting and reviewing 
1n-oposed standards. The following .Australian 
standard specifications were published by the Associa
tion : " Plywood for General Purposes ", " Wood 
Treated with Lycticides ", "Synthetic Resin 
Adhesives", and "Protein .Adhesives". Interim 
specifications published were : "Poles", "Piles", 
"Heavy Engineering Structural Timbers'', "Sleepers 
and Crossings ", "Adhesives for Fruit Case Labels", 
" Tile1·s' La elders ", and "N omen cl a ture of Im ported 
Commercial Timbers". Draft standards for crossarms 
of eastern Australian hardwoods were circulated for 
public critical review and progress made in the 
preparation of grading rules for radiata pine sawn 
timber, floorillg, lining, weatherboards, and mouldings. 
A first draft reYision of " Terms and Definitions used 
in Timber Grading Rules " was circulated for comment 
and more progress made in the revision of nomen
clature. Comments were prepared on several draft 
British Standards. 

Liaison was maintained with the Food and Agricul
ture Organization's Permanent Committee on 
Standardization and Utilization and membership con
tinued in its sub-committees on grading. Comment was 
suhmitte<l on a first draft of the F .A:O. "Grading Rules 
for Sawn Hardwood" and a third draft of the F.A.O. 
"Grading Rules for Logs". 

XV. BUILDING. 

1. GENERAL. 

The building research work of the Organization is 
u:1de1·taken mainly by the Division of Building 
Research, Highett, Victoria, which collaborates closely 
with the Commonwealth Experimental Building 
Station of the Commonwealth Department of Works 
in New South Wales. R esearch is directed towards 
the study of the m01·e effective use of available materials, 
the adaptation of traditional materials to new con
structional methods, aud the development of new 
materials and building techniques for the improvement 
of both the functional aspects of buildings and the 
efficiency of methods of construction. The work of 
the D ivision is reported in this chapter. 

Work on timber for construction purposes is con
centrated in the Division of Forest Products ( see 
Chapter XIV.). Work on house foundations is 
undertaken by the Division of Soils ( see Chapter II., 
Section 4), and work on cement and ceramics by the 
Division of Industrial Chemistry (see Chapter 
XVIII., Section 3). 



Division of Biiilding Research.-The work of the 
Division has continued on similar lines to that of the 
previous year, but more time has been spent answering 
inquiries which, through the recovery of the building 
industry from the recession of 1052-531 i ncreased by 
26 per cent. to 31400. 

Close liaison has beeu maintained with the various 
branches of the building industry, the Standards 
Association of Australia, and the various Common
wealth and State Departments interested in building. 
As a consequence of the visit of an officer to Ceylon 
in 1952 under the Colombo Plan to report on the 
establishment of a modern brick and tile industry, 
contact has been maintained with the Ceylon Govern
ment regarding the implementing of the recommenda
tions made. 

The Division suffered a severe loss i n the untimely 
death of Mr. D. M. Holmes, officer in charge of the 
Oro-anic Materials Invcstigatious, and this bas led to 
a ~erious delay in the publication of the work on 
bituminous membranes for flat roofs. A research 
trainee has bec.u sent abroad to study bitume11, with 
pa1·ticular reference to its use in building, at the 
Road Research Labornto1·y in E11gland and the 
Bataafsche Petroleum Maatschappij in Holland. 

Lectures by meml,er of the sta!f to students of _the 
Uu.iversity of Melbourne and the Melbourne Tccbmcal 
Oolle 0·e were continued ; and in co-operation with other 
resea~ch bodies the Division rontribute<l to the 
Architectural and Building Exhibition held in con
junction with the Sydney Convention of the Royal 
lnstitute of Ar chi tee ts. 

2. LIGU'l'WE!GUT il.GGR£GA'.l'ES. 

(Division of Buildi11g Research.) 

(ci) Exzlanded or Bloaled Olays and Shales,-:
F urtber work on expanded nggregates has resulted rn 
n reduction in \\'atcr absorption and density, and in 
harder and better vitrified surfaces. Satisfactory 
lightweight aggregate can be made from the blue 
Silurian slrn !es that are exposed at t he bottom of 
many of Melbourne's briek pits. Tests on one of 
these shales have shown that it bloats well without 
additives merely by firing the crushed shale in a 
rotary kiln. 

Tests on concrete made with expanded aggregate 
produced in the Division have shown that although, 
as with ordinary concrete, the workability is increased 
by increasing the proportion of large particles in the 
mix, some material of less than 52 mesh is needed to 
prevent segregation. 

(b,) Perl·ite.-There is considerable commercial 
ir1terest in the ult ralightweight aggregate perlite and 
technical assistance on its manufacture has been given 
to several :firms. A simple but efficient, indirectly 
:fired, high speed rotary kiln for expanding the raw 
material, obsidian, h as been built in the Division. 

T he mechanical properties of mixes of gypsum 
plaster and perlite have been measured. Strength, 
density, a11d expausiou-coutraction all decrease as tl1e 
quantity of perlitc in t.he mix is increased. The com
pre3sive strength nnd shri11knge of various mixes of 
perlite with Port.land cement have been measured. 
.An unexpected effect is the tendency of some lean 
mixes to expand after a time, due possibly to the 
presence of soluble silica or zeolitic minerals in the 
per lite. 

3. CONCRETE I NVESTIGATIONS. 

(Division of Building Research.) 
(a) Theory of Rupt11re of Goncrete.-Information 

obtained from the study of the mechanism of the 
failure of concrete under load has led to a tentative 
theory of rupture of concrete iu which the criterion 
of failure is a function of the shear-stmin enerp;y 

per unit volume and the volumetric expansion. Failure, 
here is the stress at which cracking starts and, as was 
stat:<l iu the last Annual Report, this stress is much 
lower than the stress under wluch the coucrete will 
b1·eak. 

A theoretical study has been made of the stresses 
in and around an inclusion of one elastic material in 
a matrix of another, to assist with the work on the 
rupture of concrete and the effect of the properties of 
coarse lightweight aggregate on the streugth of 
concrete. 

(b) Shrinka,ge otudies.- lt has been the practice 
for some time to take specimens for shrinkage measure
ments from any mixes that were being prepared. As 
the data acC:umulated in this way have several interest
ing features, a more thorough examination is being 
made, :firstly, of t.he influence of gaseous carbon dioxide 
on the shrrnkage of mor tars, and secondly, of the 
factors affecting the shrinkage over the first 48 hours 
after mixing. It has been found that specimens 
stored immediately after demoulding for 28 days in 
gaseous e:arbon dioxide showed at four months about 
a quarter of the sh rinkage of specimens stored in air. 
The crushing strength at 28 days of the former 
specimens was three times that of the latter. The 
second part of these studies concerns the shrinkage of 
specimens immediately after demoulding and was 
begun in order to find the most suitable datum for 
long-term shrinkage measurements. Contrary to 
expectations, it has been found that for many cements 
the shrinkage of concrete does not begin immediately 
after clemoulding but some hours later. 

(c) Goncrele-Reinforce1nent Bond.-There is little 
information on the strength of the bond between 
concrete and steel reinforcement at 24 hours, and as this 
rnay iufluence the cracking of precast concrete 
products a short investigation of the problem was 
uudertakcm. 

( ct) Gellulnr ()oncretes.-OommerciaI interest in the 
manufacturing aud use of foamed concrete has not 
been sufficiently great to justify the continuance of 
the project and it is now being concluded. However, 
the effect of the water: cement ratio on the strength 
and shrinkage of foamed concrete, ancl means for 
increasing the strength : weight ratio and dimensional 
st.ability of the material, have been studied. 

Another lightweight material being investigated is 
cell ular calcium silicate, an autoclaved mix of 
hydrated lime and silica flour . It has been found that 
for material with a dry density of 65 lb./cu.ft. 
(l :1.7:1.5 by 1reight lime:silica:water), cured by 
autoclaving for 4-:\ hours at a temperature of 350° F., 
a compressiYe strength of about 8,500 lb./sq. in. at an 
age of one day cai1 be obtained. 

+. Grrsi;M PLASTER ,u'-D PLASTElt PRODUCTS. 

(Division of Building Research.) 

( u) Fimdamenta.l Resea1·ch.-From a the1·mal and 
X -l'a,y exalllination of pure syntheti:: gypsum there is 
some evidence that tbe conditions of precipitation 
influence the belia1·iour dlU'i11g dehydration. This 
may account for the variations which manufacturers 
find iu gypsums from different sources. 

It has been found that plasters retarded with citric 
a-eid fall into two classes, those in which the setting 
time increases continuously as time increases to a 
maximum and Lhell decreases as the quantity of 
retarder is increased. Reasons are being sought for 
this behaviour, and also for the variations caused by 
different quantities of retarder in the time-interval 
between initial mid :final set. 

Studies of the effect of particle s ize on the setting 
time of pl aster lrnve been hampered by the effects of 
i-l1r frnctiona tion process on the plaster. The working 



of the plaster during shaking and stirring causes it to 
set approximately twice as fast as before agitation. 
This effect is important in plants handling plaster in 
bulk by means of screw conveyors, bucket elevators, 
&c., and t he reason is being investigated . 

ivfeasurement -0f the consistency of plaster slurries is 
complicated by the progressive setting of the plaster, 
but it has now been found that when the standard 
slnmp consistency test is used the setting may be 
1·etarded by replacing part of the mixing water with 
alcohol. 

Strength measurements made on plasters witliin 
1-2 min. of the initial set and at intervals thereafter 
show that the development of strength follows the rise 
in temperature of tbe setting plaster very closely, ti.le 
final wet strength being reached shortly after the tem
perature reaches its maximum. 

(b ) Reinfo1·cecl Gypsum Plaster.-( i) Wall Units. 
- Short-term strengtl1 tests were carried out on the 
lintel sections of commercial precast reinforced gypsum 
wall units and the behaviour of two full-size slabs 
ullCler long-term loading of 400 lb. per linear foot is 
being detennincd. Cracks a-ppe::u-ed first at the ends 
of the 8-ft. wide lintel section of one of the full-size 
slabs and then at the centre of the lintel, which has 
deflected about -}-in. in 80 clays. 

Measurements of tl1e elastic properties of gypsum 
plaster show that the stiffness and strength decrease 
w;\h increasing amounts of water in the mix and that as 
a general rule the values of Yom1g's modulus are less 
than those given in overseas literature. 

( c) Fibrous Plasler. - ( i) Decoration. - Previous 
investigations have not satisfactorily solved the problem 
of difiuse brownish cliseoloratio11s on fibrous plaster 
decorated with 1rnte1· pa int. This discoloration was 
believed to be due to hydroxides of iron which were 
leached to the surface by alternate wetting and drying 
of the sheet. Tests baYe now shown that 1 per cent. 
lime added to the plaster during sheet manufacture 
will prevent stains from forming even in the presence 
of large quantities of iron compounds. 

The reason for "damp staining" -of fibrous plaster 
is being investigated. Two experimental ceilings 
decorated with Yarious paint systems have shown that 
in very h umid weather some of the paints take on a 
damp appearance. The s_ystcm most noticeably afiected 
,;o far is kalsomine over glue size. 

(ii ) Bitlging of Plaster Ceilings.-A trouble with 
fibroi1s plaster reported only from South 1.\ustr11lia 
is the bulging downward of ceiling sheets between 
nailing points, usua1ly during the fo-st winter after 
erection. The sheets do not appear to have lost 
strength, the bulges being quite firm and rigid. The 
trouble appears to be associated with the plaster and 
samples brought from South 1.\ustralia are being tested. 

5. Lum AND Lu.rn P.RoDL'C'l's. 

(Division of Building Research.) 
(<i) G'orrect·ion of Unsoundness in, Magnes-iun Limes. 

-To test the performance of salt-treated magnesian 
limes several wall panels containing various limes with 
and without calcium chloride hnvc been erected in the 
grounds of the D ivision and a manufacturer is testing 
t.110 salt t reatment mctlJOd in the production of sand
lime bricks. 

(li) dtanclm·cl l'esl for "So,indness ·, of Lime.
None of the present Austrnlian or overseas specification 
Lests for "sonndncss" iu lime appears to 1)e entirely 
saLisfoctor;y an<l a simple standard test suitable for 
the detection of botb calcium and magnesium unsound
ness is l)eing sought. 

( c) Bond-lime Briclcs.-The experimental walls 
now include panels of coloured bricks and mortars 
of different strengths :md so far no water penetrntion 
or othri- tronble hns l>een obsci·ved. 

6. CLAYS AND OLAY Pn.ODUOTS. 

(Division of Building Research.) 
(a) Gla:IJ Research. - (i) Studies of Australiam, 

JI ecwy Glays.-The preliminary survey of the struc
tural clay products industry in Australia was com
pleted during the year by visits to works and their 
deposi ts in and around 1felbourne. Clays of the 
Melbourne area are now being investigated in the 
laboratory. The clay mineralogy and particle size 
distribution of the brickmaking clays of Ordovician 
age from west central Victoria are being studied also. 
Results so far show that the clay mineralogy is complex 
and that the complexity increases with the depth of 
the deposits. Kaolinitic and illitic clay minerals and 
quartz arc the main constituents in the materials used 
at present but others, not _yet identined, appear in the 
deeper layers. 

(ii) J11inemlogy. - Much differential thermal 
analysis and X -ray work has been done on samples of 
vcrmicul ite and mixed-layer clay minerals, to obtain 
d:ita for use in the preparation of the chapters on these 
clay minerals for the proposed publication on differen
tial thermal analysis by the Olay Minerals Group of the 
:M:inernlogical Society of London. 

Typical tcrra rossa and rendzina soils from the 
Division of Soils have been examined b_y differential 
thermal analysis (D.T.,\. ) techniques. The D .T .A. 
curves showed characteristic differences l,etween the 
amounts of org:mic matter and the clay mineral in the 
end members of each group. 

(iii) Deterioration of Roofing Tiles.-The study of 
the deterioration of tcrra-cotta tiles on roofs along 
the sea fronts of Victoria bas been continued. 
Examination of <lamaged tiles from two inland Mel
bourne suburbs has show11 that their deterioration is 
similar to that of tiles near the sea and the study has 
therefore been extended. Chemical aud mineralogical 
studies of tiles have shown that the salt .content, with 
which the damage has been suspected or being 
associated, is 11ot necessarily the primary cause of the 
trouble. 

( b) Clny 'J'echnology.-The industrial potential of 
clnys from Yarious sources have been assessed by 
examiuation in the pilot plant. Deformation under 
load and melting point determinations on several 
rcfrnctory clays from W cstern Australia are in pro
gress. 

The chief brickmakiug raw ruaterials of Sydney are 
the Ashfield Shales, which haYe always been dry
pressed for making bricks. It has now been shown 
ti.lat if these sliales are ground sufficiently fine they 
give a material plastic enough to be extruded and 
good quality bricks may be made from them by tbe 
wise-cut process. 

i . c~uuuNG Oo,IPOUNDS. 

(Divi::;ion of Buildi11g Research.) 

(a) Colcl Plu,i; .Mast.ics.-Cold flux mastics, known 
~n the United States of .'i.merica as two-component 
mtcrnal-set-up mastics, a re nsocl extensively in that 
country for seali11g joi11ts in concrete canal linings. A 
study of t.he properties of these mastic.s and of bow they 
may be duplicated with loca 1 materials is in proo-ress. 

The rheological or flow properties of the m~stics 
arc determ~11ed largely by the nature and proportions 
of tl1e maJor components, mineral oil and bitumen, 
hence an extensive ?tudy has been made of dispersions 
of hard powdered bitumens in oils ran"ino- from bi"'hlJ 

. b" hl O O 0 
aromatic to 1g y paraffinic types . 
. On the ~asis of. rhc?logical measurements on disper

s10ns of bitumen m 011, mastics have been formulated 
by addil1~ asbest~s :6.bre and/or powdered fillers to 
selec~ed bitumen-oil_ systems. The properties of t.lJese 
mnstic-s /I r<' now bemg studied. 



( b) Oa·ulking l.!Jquipment.-Pressure equipment for 
extruding mastic direet from the manufacturer's 
package was designed and constructed in the Division. 
Co-operative trials of the suitabilty of the equipment 
for caulking the joints of a large suspended floor 
were undertaken with a contractor. 

8. B1TuMrnous RooFINO MATERI, \LS. 

(Division of Building Research.) 

(a) Bitumi1ious Adhesives for Built--up Roof Con
struction.-Examination of the rheological properties 
of air blown bitumens of the kind normally used for 
roof bonding in Australia has shown that these may 
be less suited for use in roof bonding than the more 
highly blown bitumens of relatively high penetration. 
The latter have excellent pliability at low temperatures 
and good slump resistance 1tt high temperatures. . 

The merits of building up a roof membrane with 
short le11gths of felt, the ends being lapped in a spliced 
joint, have been studied. Spliced joints give the mem
brane greater flexibility by allowing shear in the 
bitumen between the laps. 

(b) Frie/ion, Between a Jllembrane and a Concrete 
Declc.- Tests with loose-laid and solid-bonded mem
branes on conerete slabs and covered with paving slabs 
1onrcd in ;;itu. indicate that solid bonding of t he mem-
1:nrnc to the deck does not present any greater risk of 
rupturing the membrane when cracks open in the deck 
than when the membrane is laid loose, as is often 
contended. 

( c) Experimental Roof Jl1 enibranes.-Inspections of 
tlte Di\·ision's experimental flat roofs and small-scale 
membrane specimens have continued. Where blown 
honding bitumen was a lso used as a surface dressing it 
\\'US unsatisfactory, showing s0vere craeking. Sections 
surfaced with coal tar pitch or with a very thick 
layer of clay-stabilized bitumen emulsion were reason
ably satisfactory. 

(cl) Field Investigations.- Frequent inquiries on 
tlat roofing problems continue to be received. A com
prehellsi ve report was made to the Commonwealth 
Department of Works on var ious bituminous roof 
maintenance and design problems in government build
ings in the Australian Capital Territory. 

An in \"cstigation on the source of l eak$ in a paved 
membrane of one of the Organization's own buildings 
was completed. At points of leakage shown by flooding 
tests, fissures in the membrane, -0bviously caused by 
small cracks in the undcrl_ying grading course, were 
found beneath the paving tile joints. 

9. CONCRETE FLOORS. 

(Division of Building Research.) 

For some years the Division has been studying 
questions of comfort on concrete floors laid on tho 
ground. 

In examining the effect of concrete floors on the 
thermal characteristics of dwellings, the likely tem
peratures in winter inside typical Australian houses, 
both of cavity brick and of frame construction, have 
been calculated for two floor systems-one the tradi
tional timber floor over a ventilated crawl space and 
the other a concrete slab laid directly on tho ground. 
In unheal:ed portions of both types of }1ouse the one 
witl1 the timber floor will be slightly warmer in the 
early afternoon, whereas the one wi th the concrete 
floor will be warmer in the evening. In the heated 
por tion there is no afternoon advantage with the timber 
floor, but the evening advantage with the concrete floor 
is ~reater. 

When a concrete floor is laid on the ground there is 
a risk that on some sites moisture may penetrate the 
~lab and adversely affect any impervious covering. 
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Preliminary work has therefore been started to obtain 
information so that the need for a waterproof membrane 
on any site may be assessed. 

10. TH1£RMAL lNVESTIOA'l'IONS. 

(Division of Building R esearch.) 
Insulation is widely used in cold countries overseas 

to reduce the amount of heating required in build~gs. 
The amount of insulation required under Australian 
conditions c:nmot be readily assessed since far less 
heating is needed and this only intermittently. 
However, the heating needed to maintain comfortable 
conditions in winter has been calculated for typical 
houses. From this, the savii1g made by insulation of 
various thicknesses and in Yarious positions can be 
estimated and t,hc optimum thickness of insulation 
determined. Charts relating this optimum thickness to 
the rate at which the cost of the insulation must be 
amortized, the relative costs o_f insulation and fuel, 
and the number of hours of heatrng, have been prepared 
for each capital city. 

11. ARCHITECTURAL ACOUSTICS. 

(Division of Building Research.) 
The acceptability of echoes added artificially to both 

speech and music has been studied further. The 
acceptability had previously been thought to depend on 
an inhere11t property of the ear, but it has now been 
found that the relation between the echo level and 
delay, when the echo is acceptable, can be correlated 
with certain factors in the original sound irrespective 
of whether it is speech or music. Earlier results 
from both here and overseas will therefore reflect the 
acoustic environment in which they were obtained and 
this fact must be borne in mind when making deduc
tions from them. 

A quarter-scale model of a room, rectangular in 
plan, has been made with bounding surfaces of the 
same acoustical response as those in the room. The 
behaviour of the room and the model under various 
acoustic tests have been compared and the model 
duplicates the room response wi th good accuracy. 
Overall, the correlation is far better than that between 
subjective impressions of the acoustics of a space and 
objective measurements made therein. 

Acoustic filter design and the analogous problem 
of electrical filters can, it has been found, be made 
much simpler by considering several similar discon
tinuities in series and applying the impedance tube 
method, in which the amounts of the incident sound 
reflected and transmitted from a discontinuity are 
measured. Charts have been prepared and published 
for use in cases where up to four similar discontinuities 
follow one another. 

12. 0'l'HER lNVES'rIOATIONS. 

(Division of Building R esearch.) 

(a) Sprayecl Vinyl Coatings (Liquid Envelope).
Trials are being made of the weather resistance of 
sprayed vinyl coatings, known as "Liquid Envelope" 
or "Cocoon", which are being used to provide water
proof membranes on walls and roofs. 

Specimens exposed i11 the open for about six months 
have shown no signs of deterioration and a laboratory 
specimen, designed to test the behaviour of coati11gs 
when subjected to movement as experienced in 
buildings, has so far withstood over 4,000 hourly cycles 
of stretching and recovery of 0.06 in. O\Ter a gap of 
;} in. 

(b) Pointing .illnferials for Sandstone A shlars.
Examination of Hawkesbury sandstone and four 
mortars showed that the rate of water absorption, 
hence the permeability, was much lower in the sand
stone tlrnn in any of tl1e mortars and ther efore that, 



so far as the movement. of soluble s~l~s was concerned, 
the choice of mortar mix was not cnt1cal. 

(c) Stresses ·in Reinfo1·cement.-Stresses in the 
1-ciuforcemcnt both in prestressed concrete beams ~nd 
in preen.st gyp~um lintels, were measured b~ ~lect~·1_cal 
resistance stram ga ugcs attached to the 1 em for cm., 
wires before the units were cast. For the co~crcte 
beams it was possible to measur~ the ~tres~ applied_ to 
the wires, t.he loss of stress durmg v1brat10n, cuttmg 
of the wires, &c., and the loss due to creep . an_d 
shriukan-e of the concrete over some months. This 1s 
probabl; the first time that such information ~as bce;1 
obtained by direct means. For the gypsum lmtcls it 
has been possible to assess the extent of the bond 
between the gypsum and the reinforcement. 

XVI. WOOL TEXTILES. 

1. GENERAL. 

An extensive programme of research has been under
taken with the aim of improving the use of wool as a 
textile fibre. This wol'k is complementary to re.search 
in sheep husbandry, described in Ch~pters V ., V:L, 
and VII. which is aimed at increasmg the quality 
and prod~ction of wool. The major aims of wool 
textile research are: ( i) to increase the knowledge and 
un<lerstandino- of the complex structure of the wool 

~ . 1 fib:re; (ii) to use this knowledge t o improve woo as 
a textile fibre, to improve technology i~ wool P.~?cess
~1w· and to utilize by-products more fully; (m) to 
i1Jt;rove machinery used in wool textile manufacture. 
In t,hese ways it is hoped to advance the position of 
wool as a competitor with synthetic fibres in the world 
markets. 

The Organization's work in this field bas been 
di tributed among three Wool Textile Research 
Laboratories, as follows:-

(i) The Melbourne Laboratory at Parkville is 
r esponsible for fundamental chemical and 
biochemical work. 

(ii) The Geelong Laboratory at Belmont is 
responsible for technological investigations. 

(iii) The Sydney Laboratory a t Ryde carries out 
research on the physics of wool and the 
physical and engineeriug aspects of wool 
processing. 

The Division of Industrial Chemistry has continued 
a study of the constituents of wool wax and possible 
way3 of utilizing them or their derivatives (see Section 
4 of this Chapter) . It is also studying the structure 
of proteins in relation to wool (see Section 10 of this 
Chapter). The Division of Entomology is continuing 
to study tl1e digestirn processes of wool-eating insects 
and la1.'vae (see Chapter IX., Section 2) . 

Wool 'I'extile Research Labo1·ato1·ies.-In the :Mel
bourne Laboratory, research on the fundamental pro
perties of the proteins of the wool fibre has been 
intensified, particular emphasis being given to perfect
ing methods for separating and analysing the various 
protein entities present in wool. In addition, liaison 
with the Divis ions of A11irnal H ealth and Production 
uncl of Industrial Chemistry has been established to 
facilitate the application of established techniques to 
11 wider rnnge of research problems associated with wool 
production and processing. 

.At the Geelong Labo1·ator,y r esearch has continued 
along certain major lines closely related to general 
problems of the indus try. New research projects have 
commenced in the fields of weaving and dyeing. During 
the year a new building was completed and occupied, 
thereby permitting an increase in activities, particularly 
on processing problems where space is now available 
to accommodate the mnebi11ery required. The 

machinery area of the ?ew buildi~~ _was. used f?r 
staging a Textile Machmery. ~xh1b1t10n m . April, 
at which some of the latest Bntish worsted eqmpment 
was on display. Thi,s ·was well attended. by represen
tatives of industry, from both Austraha and New 
Zealand. In co-operation with the Gordon Institute 
of Technology, a Wool Textile R ese~rch and Industry 
Conference was held in Geelong dunng May; over ;50 
representntives of industrial, research, and . teach~1g 
oJ"ganizations were pl'esent. :M~re than 200 mdust1:1al 
inquiries were attended to during th~ y~ar, covering 
a wide range of subjects. Contact with indu-stry was 
also strengthened by the coID.lllencement of ~he 
O.S.I.R .O. Wool 'l'e.-vlile News, the first issue of which 
appeared in June, 1954. Geelong m~lls have ~o
operated by a~sisting. :vith the ins!allat10n of ~~xtile 
machinery. In addition, some firms h~ve krndly 
donated or loaned machinery so that certarn researc,h 
projeds could be undertaken before the Laborat?ry s 
own equipment wa,s delivered. The Gord_on Ins~1.t1~te 
of. Technology has continued to make its fac1lities 
a vailnble as r equired. 

The Sydney Laboratory has continued work on t_he 
physical properties of the wool fibre and of _asse~bhes 
of wool fibres. The work on supercontract1011 m the 
Applied Chemistry Department of the New ~outh 
Wales University of Technology has been contrnued. 

2. RAw WooL. 

(Wool Textile Research L aboratories.) 
(a.) Brand·ing Pl-uids.-L.B.E. Branding Fluid con

tinued to be widely used by graziers, over 50,000 
gallons being marketed by various nrms during the 
present year. . 

With the co-operation of the Wool Industries 
Research Association, Leeds, it has been possible to 
trace back to the "Tower certain lots of wool which 

o . h \\'ere causing trouble in manufacture owmg to t e 
presence of brands. The trouble was found to result 
from the u,se of certain of the older types of proprietary 
branding products. The manufacturers concerned were 
informed and have now discontinued the manufacture 
of these products iu favour of the L.B.E .. formula. 

Further research is in progress to improve the recom
mended branding fluid so that it can be applied to wet 
sheep or under any conditions of rainfall without 
smudgu1g. Very satisfactor,y results are being 
obtained in. tliecic nxperimcnts, but a complete accou~t 
will not be available until large--scale field trials are 
concluded at the end of 1054. 

(b) Pellmongeri:19.-Liaison with the fellmongering 
industry has been maintained although fellmonger
ing research ha, been discontinued. Numerous 
inquiries, principally on recovery of wool from sheep
skin pieces, have been received. Digestion processes 
involving preliminary h eat denaturation of the skin 
proteins have been widely adopted in Australia and 
overseas. 

(c) Sol•vent Degreasing.-Two more large-scale 
combing trials were undertaken, and in each i nstance 
solvent. degreased wool performed better in processing 
than that scoured by the usual methods, the weight 
of top produced being significantly increased. 

The -pilot plant bas now been modified so that wool 
1.:un be processed ou it at much higher speeds, and 
large-scale tests arc in -progress using a higher speed 
1111d extremely short periods of treatment. Indications 
are that the plant shouhl be rapable of degreasing wool 
continuously in a period of the order of one minute. 

( d) Carbonizing.-A preliminary survey of the con
tents of acid baths used iu industry for carbonizing 
showed a very wide r ange of acid concentrations, even 
within a single plant. Samples of commercial!y car
bonized wool were in some instances badly damaged, 
indicating tho need for closer control of carbonizing 
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processes. Studies have also been initiated on the 
ki~1etics of the reaction of sulphuric acid with wool and 
with cellulose. The effects of catalysts are being 
determined. 

3. R ECOVERY -OF WOOL WAX. 

(Wool Textile Research Laboratories.) 
The flotation recovery process was installed in two 

additional plants during the year. Much assistance has 
been giren to mills making new installations. In 
addition, a service has been provided to firms who desire 
their scouring liquors ~nalysed in order to assess 
suitability for flotation recovery. A complete analysis 
is being made of froth recovered from the flotation cells 
to ascertain the cau.$e of variations in lanolin recoverv 
between froths from different plants. • 

4. D1mrvATIVEs Fnoir WooL WAx. 
(Division of I ndustrial Chemistry.) 

The Division of Indus trial Chemistry has made 
further progress towards the identification of the 
individual components of the complex mixture that 
constitutes wool wax. The aliphatic alcohols from 
the ester por tion forming the bulk of the wax have 
been shown by fractional distillation in the spinning
band column to contain all seven members of the series 
of straight-chain alcohols of even aa1·bon num ber 
from octadecanol to tr iacontanol. These, together with 
the branched-chain alcohols previously isolated, bring 
the total number of aliphatic alcohols isolated to 
seventeen. 

The design and de,·elopment of a multip1ate mole
cular still, for fractionating wool wax at very low 
pressures, is being undertaken with a view to studying 
the molecular weight distribution of the constituent 
esters, and possibly isolating some in a relatively pure 
state. 

Analytical mcthoc1s for the study of wool-wax frac
t ions obtained by chromatography have been further 
developed, and a convenient spectrophotometric method 
devised for the simultaneous cletermina tion of choles
terol and triterpenols in the alcohol fraction. 

An offi.eer of the Division has collaborated in work 
i11 au overseas laboratory which has resulted in the 
£nal establishment of the structure and stereocbemistry 
of the major triterpenoid constituent, lanosterol. 

Attempts to convert individual constituents of wool 
wax to commercially valuable materials have been con
tinued. Since the basic structure of lanosterol is 
closely similar to that of many naturally occurring 
substances of high biological potency, ,a programme 
has been initinted for the synthesis from it of analogues 
of these substances-in particular of some natural 
hormone types. 

A convenient. laborator,y method for the isolation of 
cholesterol from wool wax in a state of high purity bas 
been perfected. 

Some invest igations into possible commercial uses 
for wool-wax acids have been carried out· a number 
of alkyd resins have been prepared from them which 
ma_y find application as components of automoti,·e 
lacquers. 

5. TEXTILE PnooEsSES. 
(Wool Textile Research Laboratories.) 

(a) Yarn l.lanuf acture.- It ha,s been found that the 
frictional forces of yarn around steel increa~e with 
small_ ~ylinder dia~eters a1:d ~ng!es of lap and ~nt high 
velocities of rubbrng._ ~]us 1s unexpected since from 
the usual laws of friction no variation should occur 
1:he work is being exte'.1c)ed to study the behaviour of 
oiled y~rns under cond1t1ons that would occur during 
processmg. 

(b) Weav·ing.-It bas been shown that, for a plain 
weave cloth from 2/30's yarn, a reduction in warp 
yarn breaking strength of 15 per cent. is produced by 
abrasion and cyclic loading d uring weaving. Work is 
proceeding to ascert,ain which of the above two factors 
has the greater effect. 

(c ) Bleaching and Dyeing.-Research has com
menced in the neld of dyeing. Preliminary expe!·i
ments have been carried out on the fastness properties 
of wool dyes as affected by different methods of 
application. 

6. MonrFrOATION OF W ,ooL. 

(Wool Textile Research Laboratories.) 
(a) Application of Resins lo W ool.-Collaboration 

with industry has continued in processing wool com
mercially by the " Si-Ro-Fix" shrink-proofing method 
previously described. 

It has been found that the presence of oils, soaps, 
&c., 011 wool can seriously affect the shr i11k-proofing 
action of resins applied to the fibre surface. This 
difliculty has been overcome in the present process by a 
combined treatmen t with resin and alcoholic alkali. 
The resin has also been applied from aqueous dispersion 
in order to avoid the use of alcoholic solution, hut 
while felting shrinkage can be eliminated in this way, 
large quantities of resin are required. In an attempt 
to find a cheaper method of shrinkproofing, natural 
proteins such as casein are being applied to wool from 
aqueous dispersion, followed by a hardening treatment 
with formaldehyde. Pilot plant now installed at the 
Geelong Laboratory will euable further information to 
be obtained on commercial application to both woven 
and knitted fabrics. 

(b) Physics of Polymer Deposi,tion.-The way in 
which the resin distributes i tself 011 the wool fibres 
during deposition for shrinkproofing is being examined 
by pbysical means. The effect of the resin on the 
mechanical properties of the fib re assembly is also 
being examiued. 

(c) Mothvroofing.-Several methods have been 
developed for mothproofing wool which have proved 
satisfactory on a laboratory scale. These are now 
being tested on the industrial scale to ascer tain any 
possible practical difficulties in application. 

7. PRYsT08 or. WooL A N D FrnnE AssEMDLms. 

(Wool Textile Research Laboratories.) 
(a) Mechanical Properties of Single Wool Fibres. 

-The performance of wool both in wear and processing 
is very largely determined by thf:'. mechanical properties 
of the indiYidual fibres. Study of these properties 
also gives information on the molecular structure and 
macrostructure of wool. 

Work is continuing with single fibres on the stress
strain relatio11sl1ip and on creep and relaxation under 
a variety of relat iYe humidity and temperature con
ditions. So far fibres have been studied in water 
over a range of temperatures and with extensions 
ranging from 5 to 20 per cent.; improved methods have 
been worked out for describing in mathematical terms 
the behaviour of wool fibres under constant load or 
constant extension. The work is being extended to 
embrace wool fibres under loads insufficient to remove 
the crimp. This particular range of extension is 
important, as it probably represents what mainly 
occurs to the fibres in a fabric under normal conditions 
of wear. Measurements are being made on fibres of 
di fferent diameters and crimp formations as well as 
on crin1ped synthetics. 

(b) R egain of lVool.-The amount of water in wool 
is refened to as regain, and is of g reat importance 
at all stages of manufacture from raw wool to finished 
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g9od~. lts measureroent, is necessary 14s a basis for 
b11yi1}g and i;eJling o.n dry weight. Its control is 
impqrtal\t in processing for consistent production. In 
cloth the ability of wool to take up and release water 
plnys a part ~11. tlie comfort of a garment. A study of 
the mechanism by which the water is held will also 
throw light on the moleGular structure of wool, and on 
why <;ha11ges in re~ain have such a profound effect 
on the mechanical properti(;ls of the wool fibre. 

The regain of small samples of wool, a few milli
grams in weight and of known origin, is being measured 
very accurately over a range of temperatures and 
water vapour pressures. Further, a method has been 
developed, and is in use, for determining the rate at 
which the regain of a single fibre changes when the 
n~h•tive humidity o! the air surrounding it is chao,ged 
suddenly, 

Two officers of the Fleece Analysis Laborntory of 
the Division of Animal Health and Production have 
for 11ome time been studying the rate at which heat 
and water are gained or lost by small webs of wool 
in ft moving air s~ream,, and have been able to deduce 
hpw fast water difiusc$ through a wool fibrc. The 
offi.cen1 have recently joined the staft of the Sy<lney 
Laboratory, to continue the work in closer contact witlJ 
tho other i,tudies on water in wool. 

(c) Mechanical Strains ancl Histology.-Furthcr 
exnmina tions of longitudinal sections of wool fibres 
~ubjrctod to mechanical deformation were made, to 
determine whether the macrostructuro played any part 
in the mechanical properties of t ho fibre. 

( d) S1L11ercontraction.-ll study of the eifect of 
surface-active agents on the supercontraction of wool 
has been in progress for several years by an officer 
working under Professor nlexauder in the Applied 
Chen1istry Department of the Now South Wales 
University of Technology. The emphasis is now bei11g 
placed on a study of the uptaJ;:e of surface active and 
dye molecules by wool. 

( e) Yarn Stru.ctv.re.-.A.n investigation bas started 
on the mechanical properties of yarns and the contri
bution of the individual wool fibres to those properties. 
A technique has been deYeloped for making experi
mental· yarns containing a few radioactive fibres. Bv 
means of an autoradiograph super imposed on ~ 
shadowgraph the position and shape of the fibres in the 
yarn can be seen during mechanical testing of tl1e 
yam. 

8. H1s'l'OLOGY 01, WooL Fmm>s ANIJ '\VooL Fotucr.i-:s. 

(Wool Textile Research Laboratories.) 

A general study of tho fine structure of wool fib.res 
has demonstrated the presence of two segments in 
highly crimped fibres. The arrangement of the two 
segments follows the crimp wave. Differences in the 
chemical and physical prqperties and in t he origiu of 
the two segments ha,ve been demonstrated, aud suggest 
an explanation for the presence of crimp in wool 
:fibre~. St,udies on wool fibre histology have been aided 
b.y the a.pplication of meta.I shadowing techniques for 
visual microscopy i i,n conjunction with the Division 
o~ Industri~11 Ohe~nistry an electron-microscopic stuc.l;y 
of ultra-thm sect10ns of woo1 :fibres and folliC1les is 
bring canied out. 

\). w OOL PROTEIN Cr-IE.MISTRY. 

(W oo.1 Textile Research Laboratories. ) 
(a) Brepnration and Properties of Wool Dispers-ions. 

-,-It ba.s been shown that about 65 per cent. of merino 
wool. ca11 be_ extract~d as so~u ble proteins by alkaline 
solut1_ons of potassrnm th10glycollate. Four main 
protElm componm1t.& hi_ive been i<;lentified by moving 
bo11ndp.ry electropho1·es1.s; ii.nd by fractional extraction, 
nrrn of t.he.se W!L~ oht11i1rnd as fl p11rr r.ompommt 

.repre::ieutiug about -!O per cent. of the total wool. The 
molecular weight of this component as determined 
by the surface balance was shown to be pH-dependent, 
and in alkaline solutions agreed reasonably with the 
value obtained using the H epp type osmometer. 

A modified wool, completely devoid of disul phidc 
cross-links, has been prepared by repeated reduction 
and alkylation. Its solubility and other properties have 
bee~1 studied. Jl similar disulphide-free wool protein, 
prepared by ammoniacal extraction of ,vool treated 
with peracetic acid, has been fractionated and electro
phoretic studies of the fractions and parent protein 
solutions made. 

(b) Amino Acid Composition of Wool Proteins.
Complete amino acid analyses of Merino 64's, Merino 
70's, and Corriedale 5G's have been made. The two 
classes of Merino wool differed significantly only in 
their content of serine and cystine, whereas the 
Coniedale 56's was richer than Merino in alanine, 
amide nitrogen, glutamic acid, and valine, and poorer 
in arginine, cystine, and serine. The overall composi
tion of the three wools was very similar. A similar 
analysis of the pure component from Me1·ino 64's 
11·001, de&cri bcd iu :::lectiou 8 (a ) of this chapter, has 
shown considerable difference in the amiuo acid content 
as compared with that of whole wool, particularly in 
the lower cystine content of the e.xtra.cted protein. 

( i:) P evtide Ohe1rLislry.-Detailed know ledge of tk 
pl'operties of synthetic polypeptides should provide 
valuable i.nformation for explaini11g and utilizing tho 
peculiar properties of wool proteins. A programme 
?f _research directed to the synthesis of cystine peptides 
1s u1 progress. 

( d) Infra-~·ed Spectroscopy. - .\. Perkin-Elmer 
rnoclel 12-C infra-red spectrometer has been modified 
to eliminate interference from atmospheric water 
rnpour in the spectra of wool proteins and keratin 
fibres. Silver cltloricle and selenium polarizers have 
been constrncted and are being used to measure tl1e 
infra-red dichroism of oriented protein structures such 
as wool, hair, and horn. A refiectu1g microscope has 
been designed and constructed to enable spectra to 
be obtainc? front single .fibres and from samples of 
wool protcm of the order of a few milligrams. 

10. PnoTEr;,; SrnuCTURE. 

( Division of Inc.lustrial Chemistry.) 

The Division of Industrial Chemistry has continued 
its ~n vcstig_n tion of. the structm-e of proteins; of 
particular mterest 1s the relationship between the 
structures of crystalline proteins and fibrous proteim 
such as wool, h air, and muscle. New knowledge will 
lead ~o a better _understandi_ng of the lJl'operties and 
function of proteins, and ultimately to the elucidation 
?f t~e proc-esses by which -fibrous proteins are formed 
1n 'VWO. 

Electron-microscopical Etudies have received a new 
impetus_ from _ r~ccnt adl'~nces in t~e technique of 
ultra-tl1111. sectl?mng. Sect10ns of ferntin cry~tals one 
molecule lll thickness have been cut nnd the electron 
micrographs show the anangement of molecules in the 
]attic~, which is 11ot distorted by the sectioning. This 
teclm1que may reveal the architecture of protein 
crystals more c~ear!y than ~s poss~ble by any other 
method. E::rnrnrnat1on of thm sections of muscle hai: 
extended our knowledge of the struct ure which was 
previously obtained by the examination of fracrmented 
waterial. The high degree of order w}1ich has been 
revealed in the fi.ner details of Ol'0 ·anizatiou may 
permit of a correlation of muscular iontraction with 
~trnctural changes observed in the electron microscope. 
The structure of the woo) fibre i& also boil1cr investi
gated by the teo~niqne of thi:q sectioning; ~n officer 
?f the W:o~l . Te..--..t1]e R esearch Laboratories is wol'king: 
111 the D1v1~1011'~ la bor11tol'ie~ on I.his problem. 



X-rny Sl,udie~ l,f prOtl!i11~ are din:l:ted tu tLCj deter
mination of the crystal str ucture in certain amino 
acids, which a re the building 1inits of proteins. Tho 
structure of aspartic acid hydrochloride has been 
determ ined with such a high degree of precision that 
it has been possiblC1 to locatC1 the positions of the 
hydrogen atoms. 

On t he chemical side an attempt is being made 
t.o synthesize a polypepride which will r eveal the pro
posed l1elical strncl·urC\ of proteins but be sufficiently 
simple for its strnct.nre to be accurately determined 
by X-ray diffraction. Some aspects of the chemistry 
of L-glntamic arid have been investigated and tile 
possibility of a new method for synthesi?.ing L-gluta
mine hns been exnminerl. Two new amino acids, 3- and 
4-aminophthalyl-glycine, have been synthesized and 
shown to polymerize readily; these polymers bavp 
11 formal similarity to nylon. 

lJ . DEGRADATION OF TEXTILES. 

(Wool Textile Research Ln boratories. ) 

(a) 1\' ool Damage by B acte1-ia.-Wlrnn moist fleece 
wool is piled loosely, "heating" of the wool, with con
siderable damage, may occur. A study of the bacteria 
causing damage to wool under co11ditio11s -0f high tem
peratme and humidit_y has been made. 

(b) fl,i,gestion of Wool by Clothes Moth La1·vae.
In contrast to the digestion of cellulose Ly the silver
fish, it has been shown that bacteria have no part, direct 
or imlirect, in the digestion •of wool by larvae of the 
elothes moth, Tineofo bisselliella. 

( c) D-i gestion of Wool by Proleases.-'rhe rn te of 
degradation of ll'Ool by the enzyme trypsin h as been 
nsed to estimate the extent of changes in the structure 
of the fibres after treatment with solutions containing 
c·hemicals used in the processing of wool. 

( d) Fnngal Deg1·adation.-Investigations on the 
"cellulose" l:Omplex o'f the mould Stachybotrys atra 
have been continued. Of the enzymes produced by 
this organism in shake culture, that responsible for the 
initial attack on cellulose and the non-adaptive 
glucosidasc haYe r eceived most attention. The 
physiology of secretion of the latter enzyme is now 
partly understood and the enzyme has been par tially 
pmified. There is evidence that many of the peculiar 
physical and chemical properties of this enzyme are 
shared by other enzymes of the "cellulose" complex. 
A programme of chemical modification of cellulose, 
with a. view to increasing its fungal r esistance, bns 
i:l1owi1 some initial s11cccss 1md is hcing continued. 

12. Gt-:mm.1r, Pno·rnr=-, INVESTIOA"flONs. 

(Wool Textile Research Laboratories.) 

(a) Oolla.r;en.-A study of the r elationship between 
collllgen nncl procolhgen h as been commenced. Work 
011 the biosynthesis of coll11gen, par ticularly in skin, is 
projected. 

(b) Sheep Plas1ncl.-I11 conjunction with the D ivi
sion of Animal Heal th and Production, an electro
phorctic examination of the plasma proteins of sheep 
is being carried out to determine the changes in pat
tern obtained with sheep of di-fforent breeds and on 
different diets. It is hoped to obtain information on 
the transport of copper by plasma proteins and to 
relate the electrophoretie pntt,er ns to the type 11nd i·ate 
of wool production . 

( c) Pure Proleins.- In order to assess the signifi
cance of some of the properties of the wool proteins, 
pure proteins have been used as material fo r com
parative and developmental investigations. Surface 
pressure and surface potential measurements have been 
ranied out on insulin films : 11n electrophoretic study 

has b1::1m wade of the effect of cations un the mobility 
of bovine serum albumin ; studies on the sequence of 
amino acid-s in the enzyme lysozyme, which were 
initiated at the .Low Temperature Research Station, 
Cambridge, England, have been continued; a study 
of the action of oxidizing acids on proteins is in 
prog-ress. 

XVII. PLANT F I BRES. 

1. GENERAL. 

Only two pla11t fibr es, cotton and flax, are produced 
co1nmercially in Australia or the A.ustralian Terri
tories, although the possibilities of developing other 
fibres, such as jute, kenaf, hemp, ratnie, and coir, !l.r e 
being investigated. The cotton ihdust1•y, begun in 
Queensland about 30 years ago, has Iit>t yet r eached 
:1 stage where i t can contribute more thiln a small -pro
portion of the countr_y's l'equirements of this :fibre. 
The Australian flax industry, greatly expanded under 
govel'Ilment control during the war\ is now established 
on a modem and pl'ogressive basis and can supply the 
whole of the local demand. After the war, the F lax 
Research Section was established ,at Highett, Vic
toria, to meet tl1e problems peculiar to the flax industry 
in Australia and to assist in its consolidation. Wi th 
the subsequent expansion of the activities of • the 
Section to include work on a number -0f plant fibres 
iu addition to flax, it was later renamed the Plant 
Fibre Section. 

Plant Fibre Section.-The activities of the Section 
embrace a wide field of both fundamental and applied 
r esearch extending from agricultural and. processing 
problems to the manufacture ·and utilization of plant 
fibre products. In addition to chemical, physical, 
microbiological, and engineering laboratories, the 
Section has fully-equipped exper imental flax processi ng 
and spinning mills. 

Close co-operation is maintained with the F lax 
P roduction Comn1ittee-of which the Officer in Char"e 
of the Section is a member- in regard to both agrici1-
tural and processing problems, and also with flax 
spinners and weavers on various manufacturing 
aspects. 

Investigations on fibres other than £ax have been 
carried out mai11ly in conjunction with the Department 
of Terr itories and the Queensland Depar tment of 
Labour and Industry. 

2. AGRICULTURAL 1NVEST1G:I.TIONS. 

(Plant Fibre Section.) 

Flax breeding projects carried out by the Victorian 
Department of Agriculture and the Wai te Agricultural 
Research Institute in co-operation with the Plant 
Fibre Section liave led to the development of a number 
of new flax varieties. These are particularly suited to 
local conditions and have high resistance to the rust 
races now prevalent in Victoria and South A.ustralia. 
One of these vnrieties, Ventnor, now constitutes a 
considerable p ropor tion of the flax g rown in these 
States. There is ·always a danger of ·Such var ieties 
becoming susceptible to a new rust race and the flax 
breeding programme is being contint1ed. 

A study of the r esponse of flax to various mineral 
fer tilizers and the effect on the development of the 
fibre has given some ~nteresting results, especially a 
marked response to mtrogen and potassium in com
hinn.tion. 

Work has been continued 011 the evaluation 0£ fibre 
~rom kenaf and manila hemp culti vation experiments 
m Pap11a nnd Now Guinea. 
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3. P ROCESSING, 

(Plant Fibre Section.) 
(a) Water Retling.- During the year, mill-scale 

t rials were completed on the so-called aerated rotting 
of flax. T hese confirmed the laboratory tests and 
showed that with this technique the retting period could 
be almost halved. Some discoloration difficulties were 
encountered, but these appear to have been clue to 
an uneven distribution of the air which is bubbled 
through the retting liquor while the ret is in progress, 
and should not be insurmountable. Laboratory tests 
to determine the optimum pH for retting activity are 
at present in progress ; other investigations arc con
cerned with the effect of adding various nitrogenous 
compounds to the retting liquor in an effort to further 
stimulate bacterial activity. 

Investigations have been commenced on the water 
retting of coir. 

(b) Srntching.-Experiments on the imprm·emcnt 
of fl ax scutching machinery have yielded some highly 
significant results in laborutory tests and are now being 
extended to mill trials. Increased scutched fibre yields 
of 1-2 per cent. (based on the weight of straw) appear 
easily attai11able from existing machinery with only 
minor modifications. 

( c) Preparing and Spinning.- During tI1e year the 
Section completed a comprehensive investigation of the 
effect of atmospheric temperature and humidity ou 
the performance of various :fibres during spinning. 
Although the properties of the final yarn may not be 
greatly affected by the atmospheric conditions, the 
behaviour of the fibre on the machines indicates that 
these conditions should be kept within certain well
defined limits. Apart from these tests the equipment 
has been full.v employed on spinni11g trials of samples 
from various agricultural and processing investigations. 

( d) U lilizalion.- A new proiect, begnn during the 
yea1·, aims at utilizing flax fibre from tow, of whi:,h 
there is a considerable surplns in this country, in the 
form of a sta ple fibre admixed with wool or cotton. 
Early results from this work are far from discouraging. 

4. 1£ICROBIOLOGICAL INVESTIGATIONS, 

(P lant Fibre Section.) 
Basic sturlies on flax retting bacteria have been con

tinued, including the investigation of such factors as 
nutritional requirements, sporulation characteristics, 
gas production, pectin utilization, and the products of 
carbohydrate metabolism. The in formation already 
obtained bas made possible a much more complete 
understanding of the process of water rotting. 

5. CnE11ucAL INVESTIGATIONS. 

(Plant Fibre Section.) 
The study of the trea tment of flax and other fibres 

with sodium hydroxide has been continued. This is 
the basis of the "boiling" treatment to which most 
flax yarn is subjected, and the work has now been 
extended to actual boiling tests on yarn. Cupram
monium fluidi ty determinations have been made on 
flax fibre processed in various ways to ascertain tmder 
what conditions cellulose degradation is likely to occur. 
Prolonged drying of the retted straw, as might occur 
during winter, and the presence of iron in the rotting 
liquor were both found to have an adverse effect on 
the potential strength of the :fibre. 

6. PHYSICAT, I NVF.STIGATIONS. 

(Plant Fibre Section.) 
Further investigations of the "knot efficiency" of 

various yarns, including flax, jute, and kenaf, have been 
made. This is the ,strength of a knotted yarn expressed 

as a percentage of the strength of yarn without a knot. 
The resistance of these :fibres to fungal attack has 
also been studied more extensiYely. T he desirability 
of " r otproofing" any Yegetable fibre exposed to soil 
contar:t 0 1· to weathering has been amply demonstrated. 
Studies of the relatiomhip between moisture regain and 
breaking strengtl_1 of flax_ canvases _have been ext~nded 
to include a fab n c made m A ustraha from decorticated 
kenaf for . use i n wool-pack manufacture. 

XVIII. INDUSTRIAL CHEMISTR Y. 

1. GENEBAL, 

The Division of Industrial Chemistry represents the 
ma jor concentra tion of chemical research within the 
Organization, although much chemical work is under
taken in other Divisions and Sections. 

This Division was formed : (a) to promote greater 
technical efficiency in established i ndustries ; (b) to 
stimulate the establishment of new industries ; (c) to 
encourage the use of raw materials of Australian 
ori~in · (d) to seek substitutes for imported materials ; 
and ( ;) to find uses for by-nroducts not utilized. 

In addition to its basic chemical work, the main 
research activities within the Division deal with 
minernl utilization, cement, ceramics and refractories, 
oriranic chemicals, wool, and brown coa1. 

The Division's study of the constituents of wool wax 
and possible ways of utilizing them or their deriva
tives is described in Chapter XVI., Section 4. The 
Division is also studying the ~tructure of proteins in 
relation to wool (see Chapter XVI., Section 10). The 
Division's work 011 the utilization of brown coal is 
described in Chapter XX., Section 7. 

The work of the Organization's Tracer Elements 
Investi!mtions Uni t in the procurement and distribution 
of r adioactive i,-otopes and the preparation of 
isotopira lly la belled components is described in Section 
9 of this Chapter. · 

Division of lrubtsfrial Chem.istry.- The Division 
was estnblished in 1940. Since that time the research 
staff has increased continuously, but progress in 
recrni tment of st,af'F has alwavs been in advance of pro
gre~s in construction of lahorator.Y buildine;s. The 
completion of a large new building towards the end of 
tlie year has nermittecl a g-enera l 1·ea llocation of labora
tory space which will considerably relieve the position 
for most sections of the Division. It has also per
mittt>d the transfer to Fishermen's Bend of the 
Alkaloid• and Stock Poisons .e:ro11p Previously located 
j ,1 the Chemistry Dennrtment of tl1e University of 
lv[elbonrne. The J\Iirroanalvtical L1borator,y, con
ducted .iointlv by the Univcrsitv of :Melbonrne and the 
Division, will remain in the Chemistry Department of 
the University. 

Once 11gain numerous members of tlie scientific 
staffs of industrial firms and of other research institu
tions h ave spent periods from a few days to sever al 
months working in the l aboratories at Fi~hermen's 
Bend. An interesting experiment has been the opera
tion of a pilot-scale fluidized bed roasting unit as a 
joint m·o.iect of the Division with the Mount Morgan 
and Mount Lyell mining companies. 

2. MINERALS UTILIZATION. 

(Division of Industrial Chemistry.) 
Current work may be conveniently considered under 

tw~ mai1~ he_adi.ngs. In the first group of projects the 
mam obJectlve has been to devise methods for the 
separation of one or more metals from the many 
extraneous substa11ces with which they are normally 
associa ted in vnrious Australian o:res. These 
investigations, which are closely rclnted to extractive 
metallurgy, have as their object the isolation of the 
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metal or some convenient compound of it. P rojects 
0.11 hand. relate to tho extraction 01· chemical concentrn
L1ou _of copper, uranium, zirconium, hafnium, 
chromrnm, tho1·ium, and germanium. 

A ~econ~ gr?UP of projects involves the preparation 
nnd rnl'ost1gat10n of a wide range of inor,,.anic com
P01:JI~s which may have potentially usef~l charac
teristics based on th"i1· physical properties. Lamellar 
compounds of graphite, synthetic semi-conducting eom
pounds, dry lubricants, inorganic phototropic com
pound~, and certain lnnthanou derivatives have formed 
the basis of research projects. 

Re~earch in X-ray crystallography, inorganic 
chcm1cal analysis, pressure digestion reactions, polnro
~raphy, and filter-air techniques have been undertaken 
concurren tly with tho above-mentioned investigations. 

(a) Extraction of Oopper.-An investigation was 
begun on methods of cxtr-acting copper from calcined 
chalcopyritc concentrates produced in a fluo-solids 
t·eact~r (see _ Section 8 (c) of this Chapter) . Tho 
c~pc1·1meuts m progress are designed to find the condi
t1~n~ for lca~hiug tho maximum of copper and tho 
m11:1mum of iron mid other clements from tl1e calcine. 
1 t 1s also 11ecesrn ry to ascertain the best conditions 
for '?inning the clis~oh·ed copper from tho resulting 
~olut1on b_y l'lectro]y,:1.~, ha,·ing regard to purity of the 
produr·t, cost of elrct1·ic powc1·, :wd utilization of exist• 
1~1g ph~nt. The Pfficie11t disposal of considerable qua11ti
t1('s of hy-produrt, sulphuric acid has also to be con
sidered. The 11·ork hn~ hccn u11dertaken on behalf of 
the 11ount Lyell lfiuing :rnd Railway Co. Ltd. and 
~f o_unt 1forgan Ltd., who ha,·c provided .financial 
a,:s1stancc. 

( h) Utaniu.m .E:c/rocf,io11.-Leachin" tests have been 
continued on various tvpes of ore rrim Rum J un,,.lc 
'-'I 'r. "· .,, . ort 1crll crnt?ry, p:trt1cular attention being given 
to those. ores which g11·e comparati1·ely low extraction 
of urn111m11 under preferred conditions but which O'ivc 
'.1 uormnl yield_ nflc·r roas ting at 31\0-150° O. The 
improved filtrat1011 characteristics of calcinc<l ores hnvc 
also .b~cu studied. .Examination of ores from now 
lo?aht1es at Brock'i: Oreek, "Edith Rirnr, and .\drlaido 
River, Northern 'l'cnitory, has been made to determine 
their nmcnabi lity to the leaching pl'occss proposed fo•· 
Rum Jungle ores. 

St~dics on tl1e recornry of di.ssoket! uranium by 
chom1cal method~ hnve_ been continurd with emplrn~is 
on pro_ccdures m_volvmg selective prec ipitation by 
n_iagnesrn on ?oth 1011 exchange eluates and crude leach 
hquo_ri:. Vanous phnscs of anion exchange recovery of 
uninrnm hiH·e bre~1 studied in detail, pn rticu larly with 
r('gard to acls?r~t1on and elution equilihria, the effect. 
of pho,;_plin tr rn 1011 oxdinngc, a nrl tho dfect of var ions 
r·ontaiu11rn11ts ou chition rfficic11 cy. 1Vo1·k on the 
drvelop111e~t of a contin~1om ion exchange process has 
hren . co11t111~cd. S~ttltng 11nd filtl'ation problems 
:i., socrn_tcd w1~h u:·amum extract ion ha,·c been invcsti
g-1,t~d. m detail :vitli pnrf:ic11lar refereucr t,o the use of 
[1tld1tn'.es, _and 1mprovemc11ts IC'nding t.o a tbrecfolcl 
r1•durtion rn the filter Rl'ea rcc111i1·cd ha,·c br<'n effectecl 
for tL,, 010, t difficult 0l'C studied. 

(c) Zirconi1m1~ha.fniitm Scy7aration. - Interitu 
repo1:t s ou the . fll'0_ccss developed for separating 
~nfnrnm and zirronrnm haYc arou;;cd cousiderah!e 
111ter_Ps~ 011 the pa rt of several ovc:·.3cns iustitutious. 
P1"elurun~1·y _poun_d-scale tests hal'C bceu c·arried out 
a11cl_ apphc:1t1ons_ fo_i· patents l111ve been lodgvrl in Ans
trnl111, ~rent Bnta_m, and t~ie TT1!itecl Stntr~. Equip
ment h~~ been 1e·1g11cd which will wake th<' remonil 
of hafnrnm au 1_11tegrnl ~art of the lat·ge-scalo process 
eurr~11tly used . 111 ,~menca a:1d England to prodnrc 
hafmnm-fr~o. zu·comn:11: It lfl expected that poimd
srnle quautlt1cs of hn[nmw-frce zirconium compounds 
will be availllhle by tho end of ]!)54. · 

The raw material for the work on zirconi um is tho 
zircon sand concentrate obtained from the beach sands 
of Australia's north-ea&tern coastline. These sands 
represent the world's richest natural concentration of 
zircon. An efficient process for converting it from 
the silicate form to the anhydrous chloride on a pound 
scale has been set up and ample stocks of hafnium
bearing zirconium chloride for subsequent separation 
haYc been accumulated. 

Increased interest in the lower halides of titanium 
has directed attention to tho incompleteness of the 
information available on the analogous compounds of 
zirconium. Accordingly, a programme of basic research 
into tho properties of zirconium di- and trichlorides 
has been commenced. In preparation for similar work 
on the corresponding iodides a method has been 
developed for converting zireon to zirconium tetraio
dide. 

(d) Thorium Exfraction.-Monazite sitnd is recover
able ,as a by-product in the separation of titanium and 
zirconium minerals from the heavy sands of the beaches 
of eastern Australia. Improvements in the ehcmical 
processing of monnzite for the product ion of various 
lanthanon compounds and thorium derivatives have 
been tho object of investigations made for several 
years past. Work on the extraction of thorium by an 
acid process has now been completed and satisfactory 
methods have been evolved for the production of com
mercially pme thorium nitrate. For this acid method, 
ff much smaller number of stages are required than 
iu commercial methods fol'merly recommended and in 
other respects it is generally simpler. An alternative 
process foi· thorium extraction, using an alkaline 
method, has also been studied but it appears that in 
Austrnlia it would be somewhat more costly than the 
acid process. These methods for isolation of thorium 
]1ave been brought to the attention of possible producers 
in this country. 

(e) Germanitmi S'ltTvey.-Tbe use of germanium in 
electrical transistors has greatly stimulated the search 
for sources of this clement and, althoup;h sporadic 
examination of ,·ariou!' Au~trnlian flue dusts have been 
made, no systematic survey of possible sources has 
previou~ly been undertaken. A wide range of flue dusts 
from metallurgical works and coal-burning and coke
making plants has acrordingly been collected for 
chemical cxamintilion. Possible mineral sources of 
germanium haYe al•o been included in the survey. 
Some attention has been given to severnl sources of 
error in the chemical estimation of germanium and 
imp1·0Yements in the analyticitl technique have been 
devised. In common with experience elsewhere, the 
Rarnplcs have -alrcody Fhown a very wide distribution 
of small amounts of germanium, but as yet no notable 
enrichments hare been located. Flue dust from pro
ducer gas pbnts has ~i,·en the hi1?hest relatirn figures. 
Thr Coal Resenrch Section hns nssisted in this survey 
hy ~upplying a number of sampl es of fine dust. 

(f) Srandium.- Prdiminary ,rnrk wns undertaken 
on tho separation of small amounts of scandium from 
the waste liquor~ resulting from the processing of 
clavidite ore for manium in South Australia. Tracer 
element teclmiqucs using radio-active scandium and ion 
('xchnn~P procedures were employed and, although small 
<Junntiti('s of scandium compounds were recovered, the 
rc~ult wns unsatisfactory. This work was postponed 
pendin~ a more detailed examination of certain of the 
<'hemiral reactions of ~cnndium which are imperfectly 
known at present. 

(g) Elecfrochemistr.11 of Chromimn.-Studies were 
undertaken on the ronditions necessary for tbe electro
reduction of bcxavnlent chromium sol utions, know
ledge of which is of importance in the electro-winning 
and electroplating of chromium and in the use of 
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clti·onrntcs as conosion inhibitors nn<l ol'gunie oxidants. 
The hydrogen chromate ion has been shown to be much 
more easily reduced tlrnn the normal chromate ion and 
to play an important role as nn intermediate product. 
The procluction of this intermediate is a fast ionic 
reaction determined largely by the conditions which 
prevail in the immediate vicinity of the electrode. By 
the use of the polarograph, it has been found possible 
to obtain an estimate of the speed of this reaction and to 
develop a method which can probably be extended to 
other ionic react.ions. 

( h) H ydrometallurgical I nvesligalions.-A series of 
laboratory investigations has been made 011 the auto
genous production of dilute sulphmic acid by the 
oxidation of pyrite in the presence of oxygen or air 
and water, under pressure at temperatures of a bout 
200° 0 . U nder foese conditions certain ores are 
amcllllble to hydrometallurgical leaching of their 
metallic components as soluble sul phates. The pyrite 
mny be added to the system or may be an integral part 
of the ore or concentrates subjected to leaching. 
Modiiica tion of tl,e conditions affords opportunity for 
selective hydrolysis of certnin of the resultant sulphates, 
thu-s leading to a high degree of specificity of leaching 
for some metals. This work is to he continued on a 
larger scale. 

( i) Lamellar Compounds.-Reoent work on lamellar 
compounds of graphite, which resulted in the definition 
of criterifl governing the fo rmntion of many new 
molecular compounds of this type, bns been extended. 
Theoretical investigations have led to the important 
conclusion that molecular intercalation should also be 
shown by substances other than graphite provided that 
they comply with several crystalline and electronic 
requirements. Experimental confirmation of the 
general nature of the moleculnr intercalation pheno
menon, as shown by graphite, has already been obtained 
with boron nitride, aluminium dichloride, and chro
mium trichloride. Other potentinl host substances are 
being examined. 

This understnnding of the mechanism of intercala
tion in graphite hns not only provided highly specific 
methods of separation and purification of inorgnnic 
compom1ds but has led also to the recognition of a new 
type of reaction likel.v to be of value in the study of 
other hetC'rogeneou.s reactions in the solid state. 

(j) Lanthanon Oompounds.-In addition to studies 
on the carbides and iodides of thorium which are 
relevant to the metallurgy of that elemeut., work wa~ 
continued on the -fluorides of cerium. Oeric fluoride 
whicl1 is of potential use both metallnrgicall.r and a~ 
a reagent in certain organic reactions, was s_vnthesized 
by processes involving either static of fluid bed condi
tions with gaseous hydrofluoric acid, as distinct from 
processes using elemental fluorine. Syntheses using 
bromine trifluoride were also employed. Preliminar,y 
work on the synthesis of praseodymium fluoride was 
also undertaken. 

(le) Chemical C1·ystallography.-The investigation 
of minerals and sy11thetic inorganic compounds with 
defective molecular structures has con tinned. Work 
on the electrical properties of semi-con cl ucting layer 
compounds has been carried on, while the dielectric 
absorption spectra of certain synthetic framework 
compounds have been examined at the Division of 
E leetrotechnology. The structure of hydrohetaerolite 
bas b~en determined by Fourier methods of X -ray 
analysis; work has also commenced on the proper ties 
of the non-stoichiometric sodium vanadates. 

. (l) Tii:aniu,1!i O_om7~01t11(ls:-'.rhe phototropic darken
rng of syntl1et1c t1t::uuum d10xHles when contaminated 
with iron oxide has been known for some time. On 
irradiation a tan colour develops and this subsequently 

fades in the dal'k. A detailed study of this pheno
menon was undertaken and it was shown that 
chromium, nickel, and copper, in addition to iron 
oxide were particularly active in producing a photo
tropi~ effect on titanium oxide. To a lesser extent 
certain of the rare earths or lanthanons, lead, manga
nese and antimony were effective. The phototropic 
phe~omenon has been considered to be due to the 
impurity entel'ing the rutile lattice and undergoing an 
ionic change there. It has now been shown, however1 

that although some of the rutile modification of 
titanium oxide must be present before light sensitivity 
occurs, the most intense coloration, with iron, develops 
for the smallest conversion of a pure anatase modifica
t ion to the rutile form. Furthermore tbe presence of 
moisture has now been shown to be essential for the 
colour change. This has pointed to a chemisorption 
process beii1g involved. This concept has been substan
tiated by work on the other impurities mentioned, 
which are readily absorbed on synthetic rutile and 
depend on moisture for their function. A theory has 
been advanced to explain the action, and in the light 
of this theory host oxides other than titanium dioxjde 
have been tested and found to give rise to similar 
effects. Among these are oxides of aluminium, tin, 
and tantalum. In addition to its theoretical considera
tions, this work has an important bearing on the 
colour and stability of many inorganic pigments. 

Apart from the phototropic studies mentioned above, 
investigations were also made 011 the synthetic sulphides 
of titanium and zirconium. The former bas been 
found to be a relatively good conductor of electricity 
with semi-conducting properties and its application to 
rnrious electrical uses is being considered. These 
sulphides are gruphitic in nature and have shown 
lubl'icating qualities whicl1 are being further studied. 

3. CEMENT AND 0ERAl.{ICS. 

(Division of Industrial Ohemistry.) 

Current projects foll into t.vo groups (i) an investi
gation . of factors which influence the settling and 
hardcnmg of portland cement, the durability of 
concrete, the mechanism and application of ai1·
entraining agents in concrete, and the evaluation and 
use of pozzolanas in blended cements; (ii) the study 
of the physics and chemistry of clays to provide the 
necessary scientific background for the solution of 
problems associated with the use of clays as such or 
ns manufacture\1 products. 

The Division is continually being called upou by 
both gove!·um_e'.1t authorities and industry for advice 
on the smtab1hty of raw materials, on the dia!!nosis 
and elimination of faults in manufacture, and on 
problems occurring during use of the manufactured 
products. 

The Division has received both financial and 
practicnl assistance from the Cement and Concrete 
Association of Australia. 

(a) Cement and Ooncrete.-The investio-ation of 
the mech~nisms of . setting and the development of 
strength rn hydratmg cement has been continued. 
Although this work is necessarily slow, considerable 
progress has been made with a study of the effects 
of addi~ives in the sol~tion phase of cement paste, 
and .t~e1r effe~ts on _physical properties such as volume
stab1ltty, settm,g time, a11d strength of hydrating
cement. 

Althougl~ air entrainment in concrete has become a 
1~el1-rec?gmz~d and muc~-used technique, compara
ti".ely little ~s known of 1ts basic mechanism. Were 
this _known, . it would be possible to predict the effect 
of an entram1!1~nt on the properties of cement pastes 
and the durability of concrete. Studies of the action 
of surface-active agents in cement paste have enabled 
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H general theory of their action in promoting ail' 
entrainment to be postulated and it is now being tested 
in relation to concretes and mor tars. 

Investigation of the various mechanisms of expansion 
and shrinkage cracking has been continued and equip
ment has been developed for the study of the formation 
and propagation of cracks. Problems arising from 
the development of cracks are of considerable economic 
importance; damaged structures do not function 
satisfactori ly, arc costly to maintain, and are difficult 
to repair effectively. 

Work bas also commenced on the effect of vanous 
cycles of different conditions of exposure on the 
durability of concrete. 

An examination of tbe behaviour of pozzolanic 
materials and of blends of pozzolanas and portland 
cement has been continued. Several Australian 
materials comparing favourably with one used exten
sively overseas have been studied and there is little 
doubt that there are many more local deposits of 
materials that iu-e either naturally pozzolanic or in 
which pozzolanic properties can be developed. 
Consider a hie success has been achieved in increasing 
the rate of gain of strength as well as the ultimate 
strength of blended cement mortars. The use of these 
techniques would enable blended cements to be used 
satisfactorily in mass concrete and in certain types 
of concrete products with a considerable reduction in 
costs. 

During the year many organizations have made use 
of the Division's specialized equipment or sought 
advice on a variety of problems such as the manufacture 
and behaviour of cements and concrete products, tl1e 
diagnosis and eliminat:ion of the causes of deterioration, 
and methods for restori11g damaged structnres. 

(b) Cemen./;-lciln R efractories.-Investigations have 
been conti1111ed of the factors which, by causing 
mechanical stresses, decrease the life of the linings of 
rotary cement kilns. A study of operating kilns showed 
the beneficial effects of changes in design, such as 
the provision of stiffening rings. Investigation of 
the chemical and physical interaction of clinker and 
refractory lining has continued, especially in regard 
to the mechanism by which clinker adheres to the 
lining. This adhesion is necessary for the successful 
operation of conventional cement kilns. P arts of tl1is 
latter investigation l1ave been in co-operation with thf' 
Geology Department of the University of .Adelaide. 

( c) Gas ·w orlcs Refractories.-The deleterious 
r.:ffects of heavy steaming on the refractories of con
tinuously operated vertical gas retor ts have been 
further studied. The tendency for increased. produc
tion of ash, hence for increased slagging, repor ted by 
retort operators has found confirmation in l aboratory 
studies. It has been further shown that the gases 
present in such circumstances may cause embrittle
ment of the refractories, but the practical significance 
of this observation has still to be assessed. 

( cl) Snrvey of Clay Resoui-ces.- Further ceramic 
and refractory clays from Western Australia have been 
examined, with special regard to possible expansion 
of local industry. The investigation of Queensland 
clays bas been continued, and at the request of 
industry cer tain deposits h ave been evaluated for use 
in the production of sanitnry-ware bodies and others 
for bleaching properties. 

(e) Clay Mineralogy cind Related Stuclies.- During 
the year considerable advances have been made in 
fundamental studies of the ways in which water 
molecules interact with the surfaces of clay mineral 
par ticles. Information of this kind is required in 
order to increase control over the behaviour of clays 
in plastic and slip form. Investigations by X -ray 
diffraction methods of the normally hydrated state 

of the mineral vermiculite have been extended to a 
condition of very low hydration, in which a la)'.'el' of 
water a single molecule thick covers the mmc1:al 
surfaces. The relationships observed are qmte 
different from those of the condition, renorted last 
year, in which a layer of double this thickness is 
associated with similar surfaces. From this work a 
picture is gr adually emerging of the orientation and 
re-orientation of water molecules which take place as 
increasing amounts of water are added to a dry clay. 
The exchangeable cations present in this complex may 
profoundly influence the configuration assumed by 
the water molecules, and intensive study of this aspect 
of the problem is now required. 

(f) Silica for Refractories.-Further studies of 
unexploited silica deposits in Australia, and the pro
duction of bricks on a pilot-plant scale, suggest that 
silcrete bricks could be produced in Australia. Silcrete 
in a special type of quartzite mined in South Africa 
for the manufacture of silica bricks. These bricks 
have such excellent properties that the rock is at 
present imported into the United Kingdom for their 
manufacture . S ilcrcte bricks have been used chiefly 
in steel furnaces but are of potential value in glass 
tanks and gas retorts. Hence they are of interest also 
in connexion with the project on gas retort refractories. 

Attempts a re being made also to modify conven
tional manufacturing procedure so that bricks can be 
made from ordinary quartzi te with the properties of 
those made from silcrete. 

(g) Wh-itewrire and Related Investigations.-There 
have been further studies of the effects of processing 
operations on the microstructures of clays and ceramic 
bodies and on the relationships of microstructure to 
manufacturing problems and faults. Thus an investiga
tion of the effects of rotational rolling on the structure 
of a ball clay has demonstrated clearly how differential 
drying shrinkage is related to the orientation of the 
particles. If the processing operation is such that 
orientation niries within the same piece of ware, drying 
strain is to be expected . An incidental result of the 
study of rotational rolling has been the demonstration 
that a tube can be made in this way, as well as 
by the conventional method of extrusion; both these 
methods have l ong been used for the production of 
metal tubes. Observations are being made also on the 
"memory" of clays. This little-unde1·stood effect is 
well known to potters and may cause distortion of 
the ware. 

Work on the melting of feldspathic fluxes has con
tinued. Such fluxes are widely used in bodies and some
times in glazes. Added lmowledge of the melting 
behaviour could lead to economies in their use and 
could indicate the optimum conditions for producing 
ware of specinr, properties, such as controllable 
porosity. 

(h) Special C'e·ramics.-Special oxide ceramics and 
ceramic metal compositions are being studied. These 
arc of interest in a diversity of fields, such as in the 
manufacture of high-temperature jets and of turbine 
blades, and in the production of atomic energy. 

( i) A clelaicle Ceramics Laboratory.-This La hora
tory is operated in co11junction with the South Aus
tralian School of i\iines and Industries. Its advisory 
service and practical assistance continue to be much in 
elem and in relation to local deposits for the manufacturP. 
of Rtrnctnr:il prodncts and of refra ctories. 

4 . .FOUNDRY SANDS. 

(Division of I11dustrial Chemistry.) 

The laboratory is situated in the Metallurgy D epart-
1ne11t, of the Melbourne Technical College. It is 
equipped for sper.ialized testing of moulding sands 
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employed in both ferrous and non-ferrous foundries, 
and among its major activities are testing sand 
samples submitted by industrial firms and advising on 
sand conditioning and control procedures. A catalogtH.> 
of sand deposits adjacent to the principal cities of 
Australia is maintained and during the year many 
samples from additional potentially useful deposits 
have been examined. In the search for new sand 
deposits, particular emphasis has been placed on sands 
suitable for shell moulding. 

An advisory service is provided for foundries on 
general metallul'gical problems. Inquiries dealt with 
have come from most of the major industrial centres 
of .Australia and liave l)eeu concerned with many 
different aspects of foundry metallurg_y. N umerons 
minor laboratory investigations have been undertaken 
in the course of this advisory work. 

Developmental work 011 the use of Australian clays 
in the preparation of synthetic moulding sand•s has 
continued. 

5. PHYSICAL CmnnsTRY. 
(Division of Industrial Chemistry.) 

The research programme is chiefly concerned with 
tbe comcrvation and use of water ·and tbc properties of 
surfaees and of fluids. Fundamental studies include 
studies of cnrbon and charcoals, of chemical reactions 
at bigh pressures, and of thermodynami•c properties 
important in distillation. Applied investigations 
include the selective :flotation of minerals, the removal 
of salt from water, the control of evaporation of water 
under natural conditions, and the u se of fill ers in 
rubber. 

(a) Propm·ties of Liquids.-This programme has 
us its fundamental oh.icctive the precise measurement 
of thcn11ody11amic data which are important to the 
chemical engi11cer in the design of industrial equip
ment for distillation. Equilibrium ,•alues between 
vapour and solution for mixtures of polar liquids have 
been measured at v·arious temperatures and pressures. 
The systems studied were ethanol-benzene, carbon 
tctrachloride-acetonitrile, and benzcue-ncetouitrile. 
Heats of mixing are also measured. 

At the same time theories are being sought whereby 
these <lata may be predicted. Tl1is theoretical work has 
included the effect of elecfrostatic interactions and tlrn 
problem of rcfini11g the " cell " theory for mixtures. 
A 11cw theory h:1s been developed to explain the physical 
properties of liquids and ga£es whose molecules are 
complex hut arc effectively spherical and non-polar. 

(b) Chemical and Physical Effects of High 
Prii,0 s11re.-The increasing u."e of hi.~h pre~sures in 
industrial chemical proce£ses bas emphasizfJd the need 
for a basic explanation of why some chemical reactions 
are gre:\tly affected by pressure. At the Division's 
High Pressure Laboratory in Sydney nn extensive 
series of measureme11ts of the rates of organic reactions 
·at pressures up to 15,000 atm. has been made. The 
measurc:mcnts show that those reactions which produce 
ions from neutral molecnles are assisted by pressures, 
whereas the converse reactions are suppressed. A. 
satisfactory tl1eory of these effects has been obtained 
aml to test these over a wider range the pressures are 
to be raised from 15,000 to 50,000 atm. 

Au earlier series of measurements of the behaviour 
of imperfect ga~es at low pressures has been extended 
to include mixtnres of two g-aseous compounds. The 
results show that, in general, there is 110 simple method 
of clerivinp: the properties of a mixture from those of 
its components. 

(c) Mass Transfer .- Industrinl practice frequently 
requires the transfer of a substance from one liquid 
to another (solvent extraction) . By a study of the 
behaviour of individual liquid drops in an hydraulic 
tunnel it has been found that the efficiency of extraction 

depeuds greatly on tl1e extent of movement within a 
droplet. This movement, in turn, i s governed almost 
entirely b.r traces of -surface active impurities which 
cause surface tension gradients under dynamic .con
dit.ions. 

A new extraction process using solvents has been 
de,iscd for separating chemicals. Solve11t extraction 
processes operati11g continuously are most suited to 
large-scale operations. In Australia, where the scale 
of operations i s relatiYely small, batch operation is to 
be preferred. The new process operntes analogously 
to a batch distillation unit and is versatile in that the 
one column cai1 separate a variety of different mixtures, 
ei1cl1 of variable composition and size. The separa-
1 ion of some alkaloids has been usecl to demonstrate 
the process. It is being investigated by several 
industrial organizations. 

( cl) Flotation of C'assiterite.-Because of the low 
recoveries in treating certain Australian tin ores, 
resea rch has been underta!:cn with the object of 
developing improved methods of treatment. .A. flota
tion µrocess is being developed for an ore from M-aran
boy, Northern Territory. 

Tltf.l variables affecting the flotation of cassiterite and 
the associated minerals have been tested in small-scale 
flotation m11d1incs. Careful attention to the dispersion 
and removal of finely divided material (slime) has been 
necessary. 

( r) Plotation of Wool W a.-i; and S-u,qar-cane Wax.
Followi ug the successful operation of the first com
mercial plant u~ing flotation to recover wool wax from 
wool srour liquor, other plan ts are being installed. 
1lppl irations for patents have been lodged in sever al 
count.rics. 

T he principle.5 of the process fo1· recovering wool 
wax h,·vc been applied to the mill juices from sugar 
e.an(· a.id preliminary cxµeriments at a sugar mill have 
shown the feasibility of r ecovering sugar-cane wax by 
flotation. 

(f) Fillers for .Riibber.-The long-term objective of 
this work is to find reinforcing fillers from Australian 
raw materials. To do this it is necessary to find why 
£.Hers can impart desirable properties to rubber. Three 
major points have been established during the year. 
Firstly, it has been shown that the filler is linked 
chemically to the rubber. Secondly, the new network 
which forms controls the majority of mechanical 
properties, such as modulus, hardness, and resilience 
of the filled rubber compound. Thirdly, the most 
irn1)or tant propert,y of abrasion resistanre has uo simple 
relation to the network as such but is probably deter
mined by t.b e kind -0f linkag-e between the fille.r and 
rubber . 

(g) C'onlinnous ,1rlso1·pfion. Processes.-Thc con
tinuous proecss for ion exchange ( described in the last 
Repor t ) )111.s been successfu lh- ope1,ated as 1t water
softening unit. The process is now beii1~ applied to 
the separation of a metal ion from a -puJp consisting 
of au ore and liquor. I n the usual µrocess, which is 
,::1 batch opcrntion, it is necessa.ry to filter the pulp to 
obtain a .clear liquor, otbcr1>ise fine par ticles of ore 
clog the bed of resin. The continuous process may 
be applied to ore pulps ,vhich cannot be filtered. 

(h) Conservation and Use of W ater.-Despite the 
Division's adverse report (1953 ) on tl1e use of thin 
films (monolayers ) of long-chain alcohols to prevent 
water evaporatiI1g, more detailed research, part icularly 
out of doors, has shown natural evaporation to be 
retarded by 30-80 per rent. Impo1·tant foetors are 
the depth of water and the method of spreading the 
film. In co-operation witb the Section of Meteor o
lop;ieal Physics a number of small-scale tests have 
been made with very promising results. In the summer 
of 1954-55 it is intended to conduct large-scale 
experiments. 
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The need for water low in snlt content for agricul
tural and domestic purposes is bigh in Australin. 
:Much snline water is available which cannot be used 
even for stock. A surrey has been made of existing 
processes and it has been decided to investigate electro
chemical methods of removing the salt. One such 
process, which is being developed overseas, empl?ys 
membranes which lrnYe the disadvantages of high 
electrical resistance and high cost. Work in hand is 
nimed at avoidin~ these djfficulties. 

(i) Carbon.-rimorphous carbon is a substanc~ ~f 
great industrial importance. As cokes and ~bars 1~ 1s 
n major raw material for the fuel and steel 1~dustncs; 
as carbon black incorporated in rubber, 1t makes 
possible a servic;ablc tyre; as activated carbon it has 
widespread use in gas-masks and througbout the 
chemical industry for removing colour. and_ vapou!·s; 
and it is widely used in the elc~trochem1c_al .u~dustnes. 
Despite this, its many chemical pecuhar1ties have 
never been satisfactorily accotmted for and carbon tech
nology is essentially empirical. 

The significant fiuding of the investigation has b~en 
that there nre two major types of carbon, depending 
on the heat treatment. At one extreme tbe carbon 
acquires properties characteristic of a quinone and nt 
the other the propcrtic-s of a hydroquinone. S tructures 
i ntermediate between these arc possible nnd have pro
nounced semi-quinone properties. I t now appears 
possible to account for all the major features of these 
carbons. The practical implications of tl1cse findings 
nre being explored. 

G. CrrEi\U C.\L PRYsrcs. 

(Divisior.. of Industrial Chemistry.) 
Work has been continued on four main projects : (i) 

protein structure investigations; ( ii) chemico-physical 
studies of the defect solid state; (iii) determination of 
moleculnr structure and energies; (iv) the deYelop
ment of specialized instruments and techniques. It has 
hccn necessary to carry out a considerable amount of 
work outside the seope of these projects, s ince the 
Division's specialized techniques have been applied 
to problems submitted b,y industry, the universities, 
medical institutions, and other parts of tbc Organiza
tion. Several gues t workers liave been accommodated 
for various periods during the year, either for the 
purpose of collaboration with officers of the Division 
or for training in tl1c use of spccinlized techniques. 

It is becoming increasingly evident that Australia's 
g-rowing demands for scicntifi~ instruments for national 
defence, industry, and scientific work have created an 
urgent need for nn Australian scientific instrument 
industry. It is believed that the Division's experience 
in the design and construction of new types of 
instrument will make a valuable contribution to the 
development of such an industry. Enthusiastic support 
was given to the Exhibition of Scientific Instruments 
organized by the Australian Branch of the Institute 
of Physics, which was held in Melbourne in March, 
1954. The following instruments, which were designed 
and made by Divisional staff, were exhibited : a mass 
spectrometer, au electron microdiffraction camera, a 
microtome, and an atomic absorption spectrophoto
meter. 

(a) Protein Structure Stttdies.-The investigation 
of both crystalline and fibrous proteins has been 
continued with the object of establishing the function, 
and ultimately the mode of formation, of fibroua 
proteins such as wool i:1' viv~. This work, which 
includes the study of ammo acids by X -ray methods, 
and the synthesis of polypeptides, is described in 
Chapter XVI., Section 10. 

(b) Chemical Physics of the Sol·id State.-It is 
now generally recognized tl1at imperfections and 

defects in solids are responsible for many important 
properties of materials, including those properties 
which make possible such articles as t ransistors, 
television screens, fluorescent lamps, and dry rectifier s. 
They arc the operative factors in many processes in 
which n solid reactant takes pnrt. The object of the 
current work is to obtain information on the nature 
and properties of defects in solids in order to under
stand their role in physical and chemical p rocesses. 

To inYestigate the electronic energy leYels in 
phosphors, tbo optical constant8 of thin evaporated 
films of zinc sulphi de have been determined. The 
methods developed arc applicable to other materials 
which can be eYnporated. The apparatus for investi
gating the luminescent properties of solids by periodic 
excitation has been further developed. This apparatus 
provides a powerful method of testing any postulnted 
theory of the processes responsible for luminescence. 

Studies of the oxidation of metals have been made, 
to establish the role of defects in the oxide produced. 
Some growth phenomena not previously observed bnYe 
been studied. 

Electron diffraction studies of gold containing small 
amounts of dissolved oxygen have clearl;v shown how 
gas atoms may be incorporated in a metal lattictl. 

(c) Moleculnr Structure Sludies.-The determina
tion of molecular structure and the evalua tion of the 
mechanism- im·olving molecular procee~es are funda
mental to mos t problems iu chem istry, biology, and 
biochemistry. The development of new and more 
powerful experimental teclmiques has played an 
importnnt part in this work; these are discussed in 
detail in Section 6 (d) of this Chapter. 

(i) Strv.chtre Analysis by X-ray Diffraction 
.Methods.- The analysis of the structure of aspnrtie 
acid hydrochloride is refer red to in Chapter XVI., 
Section 10. This work showed that pl1oto~rnphic 
methods of intensity measurement were sufficiently 
accurate to yield n precise structure determination . 
provided suitable corrections for asymmetrical thermal 
motions were made. 

The strncture and molecular configuration of isocryp
topleurine, a derirntive of the alkaloid cryptopieurine, 
have been completely determined. A new technique 
enabled the complete analysis to be made without 
any nssistance from chemiral data or knowled!!e of 
bond angles and bond lengths. T his X-ray analysis 
is the nrst in which the structure of a complex organir 
molecule has been determined with no chemical 
in.formation other than the empirical formula. 

The study of vermiculite has included the X-rav 
analysis of partially del1ydrated magnesium-, ermic~
lite, a structure which involves onlv one sheet of water 
molecules between eac:11 pair of silicate layers. 

(ii ) S tructure Analysis bJ/ Electron Di_tjraction 
M ethods.-An inve~tigation has been made, nsin!! 
Fourier series, of the effects 011 structure analysis of 
several factors, including the finite eurvature of the 
Ewald sphere mid phase shifts which occur when 
electrons are scattered by heavy atoms. Experimental 
methods of OYereoming these effects have been de\'ised 
and nrc being tested. 

Measurement of the fine strurture of selected spots 
in patterns from cubic MgO crystals has demonstrated 
the Yllriat ion of the apparent inner p Cltrntial of a 
crystal with depth of penetration of the electron beam. 

(iii) Spectroscopic Studies of Molecular Interaction. 
-Spectra of iodine in solution haYc been studied as a 
means of obtaining data on the nature of t he inter
actions bet\,een molecules in solution. A more satis
factor;v interpretntion of such spectra has now been 
found. As nn adjunct to this work the assignment of 
the electronic energy states of iodine has been revised 
and potential energy curves have been computed. 



108 

An officer of the Division, located in the Chemistry 
Department of the University of Western Australia, 
has continued to work in collaboration with Professor 
N . S. Bayliss on solution spectra in the vacuum ultra
violet region. 

(iv) Molecular Ionization Potentials and Bond 
Energies.-The techniques of measuring ionization 
efficiency have been extended and it is now possible to 
record directly the second differential of the ionization 
efficiency curve for any ion fragment. It bas been 
possible to de:termine the upper energy states of a wide 
r ange of simple molecules by electron impact methods; 
this new field of research has been called "electron 
spectroscopy". 

A new method of reducing the energy spread in 
the ionizing electron beam has been devised and is 
expected to yield a tenfold increase in resolution. 

(v) Mechanism of 1l!folec1tlar Decomvosilion.-The 
study of the mechanism of molecular decomposition 
is of basic importance in many chemical processes, 
and photochemical techniques provide a powerful 
method <Jf attack. Studies of the photol~·sis of 
kctones have continued, using the mass spectrometer 
as an analytical tool. It has been shown that the 
appearance of the intr11molecular mode of the photo
chemical decomposition of aliphatic kcto11es can be 
predicted from the structure of the ketone. A correla
t ion has been found between the mass spectrometric 
cracking pattern of a ketone and its photochemical 
decomposition by rearrangement.. Such correlations 
may yield information about the excited electronic 
states of polyatomic molcicules. 

(vi) Theoretical Studies.-The electrostatic method 
of calculating the properties of molecules has been 
further dernloped and it has been established that it 
can be applied directly to molecules for which the 
valence states of the constituent atoms are know11. For 
molecules where the appropriate valence states are 
unknown a direct calculation by the electrostatic 
method appears to be impossible, but t he method may 
be used to relate experimental energy curves to othC'r 
molecular properties. ~· 

( d) . Development of Chernico-7Jhysical Techniques. 
-An important part of tl1e programme is the improve
ment of experimental techniques and the development 
of new types of apparatus; a new technique often 
provides data which enable a theoretical advance to 
be made. 

(i) Electron Microscopy.- Tbe technique of ultra
thin _sectioning has been greatly improved and has been 
appl_wd to iu~·ther . exa_mination ~f ferritin crystals. 
Durmg t~ese rnvestlgat10ns _the effect of cross-linking 
the plastics used as emhedclmg agents was studied. 

(ii) X-ray Dif]raction.-Modi£cations have been 
made to the high-power gyrating anode X -ray generator 
and it is now being reassembled. · 

(iii1) Electron Diffraction.-Jl new electron diffrac
tion camera has been constructed 11nd is now being 
tested. In this instrument it is possible to take an 
electron micrograph of the sample whose diffraction 
pattern is being recorded. The development of 
1J~1proved methods of measuring the intensities of 
diffracted beams has continued. 

(iv) Co1np1tters.-The determination of crystal 
structures by X-ray or electron diffraction methods 
ineyitably involv~s an enormous amount, of compu
tation. The design of suitable analogue computers 
has _been undertaken and constrnction of an image
seekmg computer has commenced. The designs of a 
structure factor computer and 11 Fourier synthesizer 
are well advanced. • 

( v) Spectroscopy.-Thc technique of applying 
11tomic absorption spectra to spectrochemical analysis 
has been fm·tli er developed and construction of an 

atomic absorption tipectrophotolllete1· has been com
pleted. An Ellglish :firm will manufacture similar 
equipment under licence. It is expected that this new 
technique, which has been developed entirely by the 
Division, will have a wide application. 

The incorporation of the multiple-pass principle in 
double-beam spectrophotometers is proceeding and an 
ozone spectrophotometer based on the double-pass 
principle has been designed. 

(vi) .Mass Spectroscopy.- A. demountable type of 
mass spectrometer has been designed and constructed. 
The instrument is designed to produce large ion 
currents at moderate resolving power; it is intended 
for application to free radical studies and also as 
the prototype of an inexpensive mass spectrometer 
which will be suitable for routine process control 
in industry and for stable isotope assay. 

The analysis of gas samples in the mass spectrometer 
requires a p:·essure gauge for the range 10-10,000 µ, Hg. 
Jl suitable gauge which employs a glass spiral as the 
pressure element has been designed and tested. The 
gauge has the same sensitivity for all gases and can 
withstand the sudden application of atmospheric 
pressure. 

( e) Service. 1V orlc.-There is a heavy demand for 
service work requiriug the application of the Division's 
specialized techniques. A selection of the more 
important p1·oblcms submitted by industry, universities, 
medical institutions, and other parts of the Organiza
tion is given below. 

(i) Electron .Microscopy.-Investigation of chloro
plast and tonoplast structure; a study of the interac
tion between kaolinite and halJoysite in suspension; 
investigation of lysogenic strain of Streptococcus 
lactis; examination of sheaths from the larvae of a 
trichostrongyle parasite of sheep; examination of the 
peritrophic membrnnes of certain insect pests · investi
gatio1;1 of_ a membr?-ne from the pul p cavity ~f teeth; 
exam111at1on of virus affecting Australian plants; 
examination of fowl sperm; studies of the pasture pest 
Pterolecera; various investigations related to the 
extraction of uranium from cer tain Australian ores. 

(ii) Electron Diffraction.-Iclentification of a 
blemish on stainless steel; a study of the orientation 
relationships in the a-y transformation :iii il'on. 

( iii) X-ray Diflraction.- Examination of iron 
oxides used in gas purification; characterization of the 
phases in soap produced by different milling processes; 
examination of fowl sperm tails; study of the strnc
tme of cryptopleurine. 

( iv) Svecfroscovy. - Investigation of nltraviolet 
and infra-red spectra of alkaloids; study of deteriora
tion ?f paint nlms by reflection spectroscopy and 
estabh shmen_t of colour standards; spectrographic 
assay of antimony ores; development of a colorimetric 
rnctlto~ fo!' the _assay of antimony ores ; spectrographic 
analysis of var10us alloy and mineral samples · infra
red spectroscopic study of the molecular strudture of 
subst!tut~d sulphonamides ; infr_a-red study of hydrogen
~ondmg _m crystals of :ong-cham aliphatic compounds; 
further mfra-red studies of porphyrin derivatives. 
. (v) Mass Spectroscopy.-A.ualysis of isotope ratios 
1n deute_rated naphthalenes; analysis of products of 
photolysis of acetnldehyde; detection of ethane in a 
~ample of_ ~thylene; measur~ment of the oxygen 
~sotop~ ra_tio rn samples of fossils; identification of an 
1mpurity 1n a sample of commercial carbon dioxide. 

(f) lnstniment Laboratory.- Iu addition to service 
work and small jobs of all kinds, the Instrument 
Lab_oratory has completed the following major items 
d~rrng _tl~e ye_ar: a small mass spectrometer; an electron 
m1crod1ffr~ct1on c~mera, wh i?h includes provision for 
electron-m1croscop1c observation of the specimen; an 
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atomic absorptiou tipectrophotometer; various regu
lnted puwer supp lies ; temperature controllers; hollow
cathode discharge tubes ; distillation columns; ~as 
analysis appal'Utus. Thero lias been au increasmg 
demand from other laboratories for the polishing of 
prisms of alkali halides. 

A JleW design of screw-thread conecting lathe has 
been forwarded to the Departme11t of Supply and 
advice has been given on the cutting of large gem·s. 

7. OnoANIO 0 1mMISTRY. 

(Division of Industrial Chemistry.) 

The research programme is co:1cer.11ed with the 
following main topics : the invcst1g_at1on of w~~es, 
with particular reference to the chemistry and ~t1h_za
tio11 of wool wax and sugar-cane wax; the cxammat10n 
of Australian p lants for alkaloids of J?Ossible_ plrnrma
ceu tical value and for s ubstances toxic to live-stock ; 
the investigation of oils and fats, ~articularly ~he 
search for potentially valuable seed oils from nat1 ve 
sources ; synthetic resins and plastics. 

(a) Wool Wax.- v\Tor k has been continued on the 
i<leu tifica tion ancl estimation of the constituents of 
wool wax, a11cl 011 their conversion to commercially 
useful products. This work is described in Chapter 
XVI., Section 4. 

(b) f:J-uga1·-cane Wax.- lt has been previ ously shown 
that sugar-cane wax, after freeing from m ineral matter, 
may be bleached by <:hromic acid to give a light
coloured acidic wax. To test the general applicabili ty 
of this method, hitherto used mainly on wax from a 
single mill, a smvey bas been made of waxes obtained 
by ex tracting u1uds from 28 mills. The softness of 
111ost of the bleached waxes aud their great variability 
make it clear that it will usually be necessary first to 
remove the softer components by vacuum distillation in 
order to obtain a hard wax. However , there seem to 
be conditions under which crude wases of increased 
hardness and melting point can be obtained; some 
samples have been particularly good in t his respect. 
Work is in progress to discover wltat tl1ese conditions 
/ll"C. 

Seasonal Yariatiolls. iit both the crude wax content 
nnd the properties of the extracted wax, have been 
studiecl in samples of fresh filter muds received at 
intel'\'ah from selected mills throughout the 1953 
crushing season. Expel"itnents have also been made in 
regard to the variation in properties of the hard wax 
fraction obtained by aceto11e refining from fresh and 
old muds. A small amount of acetone-r efined hard 
wnx has bee11 b1cached, :rnd tests on the product show 
that it closely 1·c~embles the bleached sugar-cane wax 
now manufactured i11 the United States. 

Work on chemical modification of the bleached wax 
a long the lines descri bed in the last Report is being 
t0ntinued. An application for a patent c;overing 
nlrious derivatives of the bl cacl1cd wax has been lodged. 

( c) C'cwncmbu W a.-i;.-'Wit.h a view to developing 
techuiques fo r stud.vi11g the chemistry of waxes, and as 
a guide to the investigation of the more complex sugar
cane wax and woo1 wax, work lrns been clone on the 
isolatioJt of the constitnents of camanba wax. This 
wor k i.s also of interest in view of the highly desirable 
physical properties of narnauba wax, and the light its 
,;omposition may sJiecl on the r equirements of substitute 
waxes. Seven straigbt.-cl,ai.n nJipbatic acids (C1s to 
C30) and four primary diols ( C22 to C~s) have beeu 
isolated nnd identified, and work is nearing completion 
on the iden t ifiea tion of five hydroxy-acids. 

(d) Plant 1-lll-aloids and Stoclc: Poisons.-The 
empliasis in this \York has been placed on stock poisons. 
Wor k ori the pyno1izidine bases whioh ar e responsible 
for liver da1mtgP i11 stock co11tinues, and structural 
~tndies of t.hr thrrr minor hoses of IT eliotropiwm 

eurupu1Yutn have been completed. Detailed alkaloid 
assays a r c being carried out on samples of H. 
europaeurn from representative areas of V ictoria and 
New South Wales, to p rovide a preliminary survey of 
alkaloid variability for the Di vision of Animal H ealth 
uud Pro<luctiou. These assays will conclude the helio
trope invest~gation. F ive alka!oids, one of wh.ich co1:1-
tains chlorrne, have been isolated from Senecio 
jacobaea aud structural investigations of these bases 
are in progress. Other plants from which pyrroli• 
zidine alkaloids have been isolated are Erechtites 
quadridentatct, G1·otolaria rnitchellii, and Echiiim 
11la.ntagineum (Paterson's curse). 

The investigation of Lupinus pilosu.s (common blue 
lupin) has been completed. Tlirce alkaloids, together 
with the N -oxide of one of them, have beeu isolated 
from the seeds, and three more from the tops of the 
plants. B iological testing of the major components is 
in progress in the Division of Animal H ealth and 
P roduction. 

'l'he iuvestigation of "Phalaris staggers " in col
laboration with the Division of Biochemistry and 
Genel'al Nutrition is proceeding. Au extract of toxic 
grass bas been prepared; in tests, i t failed to produce 
the symptoms of staggers, al though some deaths 
occun:ed. Au attempt is being made to is::late the sub
stance r esponsible for curariform activity detected in 
Phalaris grass grown in Tooradin, Victoria. Search 
for the toxic principles of Atalaya lwniglauca, I ndigo• 
fera enclecaphylla, and Bomulea bulbicodium· has been 
made, but so far without result. 

Work on Atherosperma moschatum was concluded 
in 1953, resulting in the isol ation by counter-current 
distribution of seven alkaloids, six of which occur in 
very small amounts. The major constituent was 
iclentificcl as bcrbamine and this tree is probably the 
world's best source of the alkaloid. Since the quater· 
J1ary salts of berbamine are of possible interest as 
cura rizing agen ts, a commercial p rocess is being devised 
for its ex traction. "\Vork on the alkaloids of K opsia 
longiflora h as beeu continued, and two additional 
nlkaloids isolated. All four alkaloids so far detected 
are ester types and biological tests are in progress. 

Structural studies on the unique vesicant alkaloid 
cqptopleurine have been greatly assisted by the deter
mination of the structure of isocryptopleurine methio
dide, using X -ray crystallographic methods. Jsocrypto
pleurinc has a fused phennnthrene-quinolizidine 
micleus, but the presence of the same nucleus in 
cryptopleurine itself is uncertain. P rogress has also 
been made with a l)rojected synthesis of crypto
pleurine. Cryptopleurine has been fom1d to exhibit 
mutagenic activity towards Drosophila, but it also 
induces a high degree of sterili ty. Gryptocarya pleuro
spermn leaves have yielded no. cryptopleurine, although 
oth C"r bases are present. 

(e) Pots and Oils.-(i) Chemistry of '.I.'nllow Con
stifoenls.-Further ,1·ork has been done on the problem 
of increasing the tmsatnratiou of olo:finic substances, 
with a view to converting low g rade non-drying oils, 
imch as commercial olein, into more valuable materials 
with drying pl'operties. The procedlll'e of substituting 
a cltloril!e atom at a position adjacent to an existing 
double boncl followed by r emoval of hydrogen chloride 
ro form u uew double bond, has been examined with a 
va riety of simple model olefu1s, but the re-agents so far 
examined for introducing the chlorine have not p roved 
g-enera1ly applicable. 

Some wor k has been clone on t.ho preparation of 
mi. .... ed h_ydroxystcaric acids in quantity from sul phated 
oleic acid. This mixture of hydroxy-acids is poten
tiall:r available in quantity, and p1·eliminary tests are 
heing mnd(' of tliniT vnln<' in wnx proparntions and in 
lubr icant~. 
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(ii) Investigation of Potential Seed Oil Resources.
In ~he past fc,1· years much attention has been given in 
India to the seed fat (Kamala oil) from Mallot,us 
ph,if.ipzYinensis, a small tree of the Euphorbiaceae which 
seeds prolifically. This seed fat shows great resem
blance to tung oil, and dries to films which are very 
resistant to water, organic solvents, acids, and alkalis. 
The composition of Kamala oil is not fully known, 
but its principal component acid has been shown to be 
n. hydroxyeleostearic ncid, which suggests that the oil 
will differ. suff1cieutly from tung oil to have slightly 
divergent fiel ds of use. Th plant is widely distributed 
in Queensland, and a preliminary examination of the 
oil is in progress. 

The seed fats of the sweet and bitter quandongs 
(Sanlalum acuminafos and S. murrayana) have been 
found to be rich in acetylenic acid, octadecenynoic 
aci{l, which is identical with the ximcnynic acid 
recently isolated in South Africa from Xinienia 
americana, and possibly also identical with the san
talleic acid obtained fl'om the seed fat of Indian 
sandalwood (S. albmn) . The acid may prove to be a 
characteristic component of the seed fats of the genus 
Santa.lmn. 

(f) Synthetic Resins and Plaslics.-(i) Kinetics 
of the Phenol-fot·maldehyde Reaction.-The study of 
the phenol-formaldehyde reaction using 2,6-xylenol 
with excess alkali has shown the reaction to be complex 
with regard to the concentration of xylenol, formalde
hyde, and hydroxyl ion. A mechanism giving approxi
mate correspondence with the results has been pro
posed. The work bas now been concluded. 

The conversion of formalclhyde in alkaline solution 
to methanol and formate, known as the Cannizzaro 
readion, bad of necessity to be studied during the above 
investigation . Despite much previous work the 
mechanism of this reaction had never been adequately 
clarified ; now for the first time it has been clearly 
shown to be a combina tion of a third and a fourth 
order reaction. 

Another consequence of this work has been the 
preparation of a number of phenols and their deriva
tives, either not previously known or obtained only by 
tr oublesome methods. Prclmitinol has been satisfac
torily pre1iared by the action of hyclrocyanic acid on 
2,3,,5-trimethylpLenol (now a commercial product) 
with subsequent reducti011. Catalytic hydrogenolysis 
of phenol alcohols using copper-chromite has been 
extended from the one example hitherto recorded to a 
number of substituted phenol alcohols. 

(ii) 1'igaso Cil.-The chemical investigation of this 
exudate from the New Guinea tree Camphospermum 
brevipeliolatmn has been continued using adsorption 
techniques to separate the components. Its possibili
ties in resin fo1·mulations are also being examined 
because of its similarity to the liquid secretion obtained 
from the shell of the cashew nut, which is greatly in 
demand for certain types of phenolic resins noted for 
their chemical resistance and rubbery properties. 

Hesults so fm· indicate that, npart from a phenol 
which may be identical with that reported in work 
done some twenty years ago at the University of 
Queensland, there are components which readily break 
down to stea ric acid and methyl heptadecyl ketone. 

(iii) Cyanide Polymers.-Hydrocyanic acid and 
~ome cyanides can give rise to polymeric materials 
tbat have not been fully characterized. The prepara
tion of one such polymer, "paracyanoge11 ", by the 
electrolysis of potassium cyanide solution was described 
in 1892, but the method does not appear to have 
been examined since. Work has now commenced on 
this, for the method nppears simple, and the starting 
compound-one of the simplest organic substances 
capable of polymerization - readily n.ccessible. 

Material so far prepared is not paracyanogen, but a 
con1 plex acid of unknown structure, generally known 
as azulmic acid. 

(g) Microanalytical Laboratory.-The services of 
the Microanalytical Laboratory are being used to an 
increasing extent by organic .chemists. All standard 
microanalytical determinations can be undertaken, as 
well as some special ones for individual research pro
jects, and the delay between receipt of a sample and 
the submission of the results is now very short, even 
for the more complicated determinations. During the 
year some 4,600 separate analyses were carried out
an increase of 1,000 over the previous year; approxi
mately 40 per cent. of these were for universit~es, and 
30 per cent. each for governmental laboratones and 
industry. 

(h) Composition Tables.-A project has been com
menced for the compilation and publication of tables 
of a new type connecting the composition of organic 
rompounds with their molecular formulae. All preYious 
composition tables merely enabled the composition 
corresponding to a known formulit to be obtained, 
with a saving of a small arithmetical calculation. T he 
present tables are arranged in the opposite way, and 
enable the chemist who has found the elementary com
position of an unknown compound to obtain all the 
molecular formulae which are consistent with his 
analysis by simple inspection, thus eliminating what 
was previously a rather laborious process of trial 
and error, with the possibility of mi!'sing the correct 
formula. The use of the digital computer, and 
acces,ory equipment belonging to the Division of 
Radiophysics, has made it possible to const!·uct such 
tables without the vast amount of calculation otherwise 
necessary. Further, the various mechanical checks 
provided by these machines preclude the possibility 
of chance error. The tables for C, II and C,II, and 
0 (with 0, H, 0, S) have been completed and are now 
in the press. It is proposed to proceed with tables 
for use with compounds containing nitrogen. The 
tables should be of permanent value and not subject 
to revision. 

8. CHEMICAL ENGINEERING. 

(Division of Industrial Chemistry.) 

Most of the resources have been directed to the 
study of the techniques and reactions of importance 
in the gasification of low-rank coals. The research 
programme is broadly determined by the Consultative 
Commi ttee on Brown Coal Research and Development, 
as a result of which this work, and that of the Gas 
and Fuel Corporation of Victoria on pressure gasifica
tion, have been closely co-ordinated. The Committee 
consists of representatives of the State Electricity 
Commission of Victoria, the Gas and Fuel Corpora
tion of Victoria, and the Organization. 

Results are now being obtained on several aspects 
of t.his research, following the completion of nearly 
all the work of constructing and equipping labora
tories, recruiting and train ing staff, and .designing and 
constructing pilot plants and experimental apparatus. 
Two research officers who have completed trainecsl.tips 
overseas returned durii1g the year and four others 
will return next year. 

In addition to fuel research, the Division has 
investigated the roasting of alunite in a fluidized state 
and the sulphate roasting of copper concentrates. 

Through its Process Laboratory the Division 
provides a service to industry and to other parts of 
the Organization by its use ~f a wide range of equip
ment to test processes on a pilot scale. 

In addition to the work described below a number· 
of fundamental studies having application in chemical 
engineering are described in Section 5 of this Chapter. 
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(a) Goal Utilization.-Both fundamental and 
applied studies of the gasification of coal have becu 
continued. These are described i11 Chapter XX., 
Section 7. 

(b) Alunite Investigations.-A. preliminary investi
gation of the roasting of Western A ustralian alunite 
in the fluidized state has been concluded. The results 
have shown that this method of roasting gives a 
significant improvement in the yield of soluble potash 
over that. obtained by roasting in a rotary kiln. The 
optim um conditions · for batchwise roasti11g in n 
fluidized bed have been determined, and an estimate 
has been made of the yield to be expected when 
continuous roasting is practised. 

Preliminary designs for a multi-bed industrial-scale 
roaster have been prepared. Further work on tl1is 
propect is dependent on a new evaluation of this 
W estem Australian industry based on the improved 
performance of the new roasting process. 

(c) Roasting of Copper Concentrates. - In 
accordance with a co-operative agreement between the 
Organization and two major mining companies, :Mount 
Morgan Ltd. and :Mount Lyell Mining and Railway 
Co. Ltd., a largo pilot plant has been erected to 
investigate the sulphate roasting of copper concentrates 
in a fluidized bed reactor. This is the first stage of 
a new process for recovery of copper and precious 
metals from sulphide ores. This process consists in 
controlled roasting of the concelltrates to convert the 
copp~r into a form . soluble in dilute sulphuric acid, 
leachmg of the calcmcs, and elcctrodeposition of the 
copper from the solution. The precious metals which 
remain in the residues after leachin" may be recovered 
by cyanidatio11. "' 

The pilot plant, which has a capacity of three tons 
per day, w~s completed and put into operation in 
January, with hloun t Lyell concentrates as the feed. 
The results so fa r obtained have been most encouraging. 

(d) Process Equipment Lciboratory.-During the 
yea_r. ~he Process ~qu_ipment Laboratory provided 
facilities for the D1v1s1on, for other Divisions, and 
for a number of industrial firms. Six investigations 
were carried to a pilot-plant scale, some 20 tests 
were made on special items of process equipment and 
22 extractions of natural materials were made' as a 
preliminary to laboratory investigations. In addition 
a number of technical inquiries were handled and 
some time was given to research on the desaltino- of 
bore water by solar distillation. "' 

~he ran~e of process equ!J)lncnt was increased by 
the rnstallation of a lead-h11ed reaction vessel, a 
pressure leaf filter, a grass-drying cabinet, and a 
vacuum ernporator of the falling film type. 

9. R ADIOACTIVE TRACER :MATERIALS. 

(Tracer E lements Investigations.) 

This Unit, wh_ich i? housed in the Chemi~try Depart-. 
ment of the 1:Jmv~rs1ty of Melbourne, is developing a 
ra11ge of rad1oact1Ye tracer techniques applicable to 
chemical and biological studies. The Unit arrano-es for 
the supply of radioactive and stable isotopes to th~ othol' 
Divisions and Sections. If a labelled compound is not 
readily available overseas, the Unit may undertake to 
synthesize it. 

The Unit has continued to advise on tracer methods 
generally. During the year tho facilities of t he Unit 
have been made ava ilable to several guest wol'kers. 

The research work of the U11it consists of three 
main items : 

( i ) A study of the reaction kinetics of molecules 
containing carbon-14. In many reactions "isotope 
effects" may be observed, owing to slight differences 
in the rates of reaction of 140 and 1 2C. This 

phenomenon is important in the quantitative deter
mination of 1-10 and also gives information on 
mechanisms of reaction. At present certain intra
molecular rearrangements are being studied. 

( ii) The extension of analytical methods using 
radioisotopes. Variations of the "isotope dilution" 
method of analysis are being studied. In conjunction 
with tho Chemistry Department, University of 
Melbourne, radioactivation is being applied to the 
analysis of traces of gold. 

(iii) Study of organic radiation chemistry. A sta1·t 
has been made on the application of tracer methods to 
a study of the effects of ionizing radiation on organic 
compounds. 

(a) Collaborative Worlc.-The Unit has assisted the 
Physiological D epartment of the University of 
Melboume in a study of the physiology of teeth using 
32P, and Monsanto Chemicals (Aust.) Ltd. in an 
i11clustrial application of radioisotopes. Collaboration 
with the Division of Animal Health and Production 
on the fate of 85S-labelled sulphate in sheep was 
commenced. 

(b) Syntheses.-More techniques for the synthesis 
of compounds labelled with radioactive isotopes are 
being developed. Syntheses undertaken for other 
.Australian workers are restricted to compounds with 
high specific activities which a re not available else
where. The Kolbe reaction has been used to 
sy~thesize 140-labelled salicylic and 5-chlorornlicylic 
acids. Other 140-labelled compounds prepared include 
saligenin, o-cresol, o-cresoxyacetic acid, sodium acetate 

cl • ' an tyrosme. 

(c) Radioactive Assay Me.thods.-Gas countinrr of 
carbon dioxide containing 1-10 is being develo"'pcd. 
This method is valuable for the assay of weak samples 
such a.s those often obtained in biological tracer work 
aud can be used also for assaying other soft ,B-emitter~ 
such as tritium and 85S. Facilities for scintillation 
counting and antoradiography are also beiug 
established. 

XIX. MINER AGRA.PHY A.ND ORE-DRESSING. 

1. G ENERAL. 

The importance of investigations for the develop
ment of the mining industry and the utilization of 
A ustralia's mineral resources is fully recoo-uized by 
the Organizatiou. "' 

Mineragraphic work to provide information on the 
~uineral compos~tion of ores bas been in progress 
m Melboume smce 1927. The techniques used are 
highly ~pe_cialized and require considerable exper ience, 
so t~1at 1t JS onl,}'. rarelr that they can be applied by the 
staffs of operatmg mrnes. The cur rent work of the 
Mineragraphic Investigations Unit is described in 
Section 2 of this Chapter. 

The Ore-dressing Laboratories operated in Mel
bourne in collaboration with the University Depart
ment of Mining, and in Kalgoorlie in co-operation with 
the School of Mines, investigate the composition of ores 
and provide advice on suitable methods for their full
scale treatment. This work is reported in Sections 3 
and 4 of this Chapter. 

Work ou the utilization of minerals is carried out by 
the Division of Industrial Ohemistrv (see Chapter 
XVIII., Section 2) . " 

2. 1.Irn-ERAGRAPJUC Ii\'VESTIGATI-ONS. 

(Mineragraphic Investigations Unit.) 

_Forty-four im1 estigations haYe been made on the 
mmera1 ass?ciations o~ ~-ock, drill cores, and mill pro
ducts submitted by numng companies. A. number of 
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these related to the search for new mineral deposits. 
Five were concerned with the experimental treatment 
of ores in the Ore-dressing Laboratories. 

Dr. F . L. Stillwell retired at the end of June, 1953, 
and was succeeded as Officer-in-Charge by Dr. A. B. 
Edwards. Dr. StillweJl continued to work in the 
laboratories throughout the year on a study of the 
mineralogy of the Broken Hill lodes, which was under
taken by the Unit in conjunction with the Broken 
Hill Geological Research Committee. 

Examination of uranium ore from Rum Jungle, 
Northern Territory, revealed the occurrence of cobalt 
in the ore as a mineral of the linnaeite-carrolite series, 
and of bismuth as an association of native bismuth, 
aikenite, and wittichenite. Radioactive ores from 
Broken Hill, New South Wales; Mount Isa, Queens
land; and the Adelaide River, Northern Tenitory; 
were also investigated. 

A combination of polished section examination and 
X-ray study of manganese ores at Tamworth, New 
South Wales, and at Mary \Talley and Amamoor, 
Queensland, brought to light new occurrences of the 
relatively rare manganese minerals tephroite, ala
bandite, piedmontite, braunite, and bausmannite. The 
very rare silver sclcnidc naumannite was identified in 
ore from the Duchess mine, Queensland. 

A beach sand from near Samarai, Papua, was 
found to contain upwards of 40 per cent. of chromite, 
and an ilmenite concentrate from Stradbroke Island, 
Queensland, was found to contain about 10 per cent. 
of ferriferous rutile. 

The complex silver-lead ores of Yerranclerie, New 
South Wales, revealed interesting minerals and tex
tures associated with secondary silver enrichment, and 
a study of the ore from the Sardine Tin Mine, Queens
land, indicated the behaviour on weathering of the 
relatively uncommon copper-tin sulphide mineral, 
stanuite. 

Mineral associations were determined in primary 
copper ore from the Peko mine, Nor them Territory, 
zinc-lead ore from Mount W ci·ong, New South Wales, 
antimony ore from the i\'Iagword mine, New South 
Wales, t he King I sland (Tasmania) scheelite concen
trates, and the Storey's Creek ( Tasmania) wolfram 
concentrates. 

Exceptionally high silver values in otherwise poorly 
mineralized ore from the New Broken Hill Con
solidated mine proved to be due to the occurrence of 
primary native silver; and the r eplacement of 
unmetamorphosed epidiorite dykes in the old Pro
prietary mine at Broken Hill by lead-zinc ore and 
manganiferous garnet established that the Broken Hill 
miner[llization post-dated the regional metamorphism of 
the area. 

A survey of the selenium content of the sulphide 
minerals in a wide range of Australian ores has 
revealed that in most hydrothermal ores the pyrite has 
a sulDhur: selenium ratio of the order of 10,000, 
whereas sedimentary pyrite occurrences have a ratio 
of the order of 100,000. This has been applied to 
determine that the mineralization associated with par
ticular persistent stratigraphic horizons in the N airne 
district, South Australia, imd in the Mount Isa district, 
Queensland, are of hy<lrothermal ongrn. Australian 
ores in general have a low selenium content, although 
some ores in the Duchess area, Queensland, and the 
Bathurst district, N cw South Wales, are relatiYely rich. 
Copper concentrates are the chief source of recoverable 
,elenium. 

The invest igations have been facilitated bv con
tributions from a number of mining companies through 
the Australasian Institute of Mining and Metallurgy, 
and at the Institutc's suggestion most of these com
panies have substa11tially increased their contribu
tions. The University of Melbourne has co-operated 
in providing laboratory aooornmodation. 

3. •RE-DRESSING 1NVE8'1'1GAT IONB. 

(Melbourne Laboratory.) 

Work done at Melbourne, in the Mining Depart
ment of the University, is recorded in 30 reports (Nos. 
453-482 inclusive) . These refer to treatment methods 
for ore.s of gold, silver, platinum, copper, lead, zinc, 
tin, tungsten, cobalt, tantalum, and antimony, and to 
the concentration of diamondiferous gravels, dune 
lime-sands, and beach sands containing valuable heavy 
minerals. 

Effective separation of alluvial diamonds from a raw 
material containing much zircon was achieved by 
addition of small quantities of dry finely ground 
common salt, which increased the surface conductivity 
of the zircon. 

Further work was done 011 the magnetic separation 
of chromite from ilmenite. By magnetic separation 
after heat treatment a product assaying less than 0.1 
per cent. Or2O3 and containing over 80 per cent. of the 
original titanium has been obtained. The magnetic 
susceptibility of ilmenite is markedly altered by heating 
to temperatures between 400 and 1,000° C. Oxygen, 
nitrogen, and hydrogen atmospheres have been used; 
with oxygen there is a. weight increase and with 
hydrogen a decrease, but in both atmospheres the 
magnetic susceptibility increases, although not to the 
same extent. X-ray cxam iD ation iudicates that changes 
in crystal structure also occur. Work continues in an 
attempt to correlate these phenomeirn, with the object 
of determining the best heat treatment conditions for 
effective magnetic separation. 

A cassiterite-cuprite ore from the Northern Terri
tory provided striking evidence that, despite high grade, 
an ore may ha,•e little present value owing to intimate 
association between ,,aluable minerals and gangue 
and to the occurrence of a mineral ( cuprite in this 
ore) which ca1mot be concentrated by methods 
applicable on a small scale in an isolated locality. 
This is a type of ore which would warrant much more 
extensive investigation if ore r eserves were large. 

Investigations of tungsten ores from southern New 
South Wales illustrate the importance of separate 
examination of adjacent ore bodies. In testing the 
deeper aud l arger of two superimposed ore -bodies 100 
foet apart, the optimum recovery of tungsten after 
exhausting the possibilities of gravity concentration 
was 25 per cent. lower than from the shallower ore 
body. 

A copper-silver ore from the Northern Territory 
consisting almost entirely of intimately associated 
sulphide minerals, including pynhotite, provided 
another example of the beneficial effect of pre-aeration 
before flotatio11. Better recovery of both metals in a 
higher grade concentrate was obtained. Best results 
were obtained in a lime circuit at a pH above 11. 

attempts to extract gold an<l silver by cyanidation 
from a Queensland lead carbonate concentrate were 
successful. Fine grinding . was necessary. The pulp 
was buffered at about pH 9 and 110 free alkalinity 
c·oulcl be maintained in the solution. Increased lime 
.iclditio11s improved reco,·ery of silver but not of gold. 

A <liilicult sampling problem was encountered i • 
examining a low grade gold ore from New Sout.b 
WnJes. [t was shown that while most of the gold 
1rns fine, erratic results were due to a small proportion 
uf relatively coarse gold. 

An cxtensire but not exhaustiYe investigation was 
c:arried out on seYeral samples of a rich, partly oxidized 
copper-gold ore from the N orthcrn Territory. The 
work done included an investigation of flotation con
c:cut.rati_o:1 with._ supplementary gravity concentration 
:111d acid leaclnng. Data were accumulated which 
would sen •e as a guide t.o tl1e design of mi table treat
ment plant. 
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Interest is maintained in t he possibility of r ecover ing 
cobalt both from copuer ores and from manganese 
ores. The latter frequently contain nickel as well ])Ut 
generally it is not possible to make a cobalt concen
trate because of the extremely intimate association ~f 
the metals present. Interesting techni cal and economic 
problems are invol ved in tho recovery of cobalt by 
leaching methods. From one 01·e 84 per cent. of the 
c~bal t was extracted by leaching with aqueous sulphur 
dioxide, but 75 per cent. of the more abundant man
gane.;e also dissoh-ed. Reduction of the ore by 
hydr ogen at 950° 0 ., followed by leaching with 
nmmonia ancl ammonium carbonate, extracted 64 per 
cent. of the cobalt in a relatively pure solution. 
Fur ther investigation of the latter v1·ocess appears to 
be justified. 

4. On1,-mmss1No INVESTIGATIONS. 

(Kalgoorlie Laboratory.) 

Up to December, 1953, the resu 1 ts of :i.11 work were 
g iven in consecutively numbered repor ts, which bad 
ciuite a wide distr ibution. Many of these reports con
tained the results of assays, of analyses, or similar 
information recording only measurements, and were of 
little interest to anyone except the sender of the samJJle. 
C::ince Januar y the Laboratory has issued reports giv ing 
tho results of metallurgical investigations, and certifi
cate.s giving assays, :malyses, and similar information. 
The Reports have been distributed as i11 the past, but 
cer tificates have been sen t only to the sender of 
sample(s). This policy has been found qui te satis
factory and will be continued. 

During the year 44 repor ts were issued. Of these ten 
r eferred to gold ores, fom to ores of other metals, and 
ten to lton-mctallics, and the remaining twenty 
rccol'dcd assays or a11alyses. Since J'anuary, seventeen 
certifi cates have been issued . Brief reference will be 
1nade in the follo1Ying parngraphs to the more 
important investigations, particularly those of general 
iutere3t. 

'liV ork done on a bentonite clay from Marehagee, 
We;,tern Australia, showed that when this clay was 
conditioned with 3 per cent. sodium carbonate it 
would produce a drilling mud equivalent in quality 
to that produced by imported be1ttoni te. . Marchagec 
bentonite is now be ing used at Collie, W cs tern Aus
trnlia. 

A concentrate assaying 50 per cent. sulphur with a 
r ecovery of !J4 per cent. of tl1e sulphur in the ore was 
obtaiHe<l from a pyrite ore from N orsemau, Western 
Australia, by g rindi ng to minus 100 mc,:b and by 
flotation under favourable conditions. 

At the request of the Western Australian Depar t
ment of Industrial Development bcneficiation tests 
were made on l im e-sands containing 81 per cent. 
calcium carbonate and about 10 per cent. silica. Table 
flotation yielded a concentrate containing 90.2 per cent. 
calcium carbonate and 0.38 per cent. silica. Approxi
mately 90 per cent. of the calcimn carbonate was 
recovered. T Ljs work is described in a paper on table 
flotation by 0. H . S. Meharry read at the 1954 
ordinary meeting of the Australasian Institute of 
Mining and Metallurgy. 

An investigation showed that the method of treat
ment of the gold ore at Sunshine R ewar d gold mine, 
near Marvel Loch, Western Australia, could be 
changed from the present stamp battery crushing nnd 
leaching practice to :fine gr incling and continuous 
ag itation cyanidation. Information for pl ant design 
was given. 

Good grade graphite concentrates were obtained from 
ore samples from M nnglinup, Western Anstralin, h.v 
flotat io11. 

F .5073/51f.-8 

Test wor k on some columbite gravel from Pilgan
goora, vVesteru Australia, showed that this contained 
12 lb./cu. yd. of rough columbite concen trate, and 
enabled advice to be given about plant design. 
..luangements have been made for the Senior R esearch 
Metallurgist to visi t the pl ant l ate in J une and to assist 
iu overcoming any troubles associated with in itial 
operation. 

Wor k on carefully taken samples from the old 
~\Ienzies Consolidated tailings dump at Y unndaga, 
Wes tern Australia, showed that different portions of 
the dump yielded from 0.38 to 1.10 dwt. gold per 
ton. Some por tions of the dump were, however, not 
suitable for percolation eyanidation because of the 
very slow leaching r ate. 

XX. FUEL. 
1. G ENERAL. 

T he Organization's fuel research programme is at 
present mainly confined to coal. There is insufficien t 
knowledge concerning the proper ties and characteristics 
of Australian coals and an urgent need for this 
knowledge exists so that the best and fullest use may 
be made of the available r esources. 

The Organization's main centre for investigations 
on fuels is the Coal Research Section, located at 
North Ryde, New South Wales. T his Section was 
established to undertake a fundamental and comprehen
sive. study of the physical and chemical characteristics 
of Australian coals. The work of the Section is 
reported in Sections 2-5 of this Chapter. 

The D ivision of Industr ial Chemistry under takes 
work on the engi.nee1·ing aspects of gasification of 
low-rank coals, and this is reported in Section 7 of 
this Chapter. 

Co-operative inYestigations on the fossil pollens 111 

brown coal are Ulldertaken in the Botany School of 
the Uuiversity of Melboumc, and are repor ted rn 
Section 6 of this Chapter. 

The Organization's Central Experimental Work
shops at Maribyrnong, Victor ia, are studying the desicrn 
and construction of solar water heaters for domestic 
and industrial applications, and th is work is reported 
in Section 8 of this Chapter. 

Goal R esearch Section.- T he main object of this 
Section's investigations is to make available accurate 
!Ind_ systc_matic data ?n u1digenous coals so that : (i) 
thell' coking, gas-makmg, and burning proper ties may 
be known and their behaviour on cal'bonization and 
c~~bustiou pre~ictc<l with some degree of accuracy; 
(_n) au en1luat1on may be made of the beneficiation 
l~~ly to . resul t from coal cleaning and preparation; 
(m) var10us methods of thermal and direct chemical 
utilization may be assessed. 

The work of tlie Section, however, is concerned not 
only wi th long-term problems of the quality of coal 
on a national basis, but also directly with current 
and future problems of coal utilization. 

Considerable progress has been made towards 
establishing the facilit.irs required for programmes 
already commenced, and the activities of the Section 
continue to expand as staff is trained and equipment 
obtained. 

Buildings have been completed and pilot-scale 
carbonization plant. combustion furnaces, and equip
!nent for te~tiug the mechanical properties of coal put 
mto operation. Large-scale plant for iuvesti.gatin"' 
washability characteristics of coal and methods of 
cleaning fine coal ]ms been installed and crrateful 
aclmowleclgmeut is made to the F uel Research I~stitut e 
of South Africa for much valuable information 
supplied in connexion ,vith the installation. W 01·k has 
also started on determination of the plastic bebavionr 
of ro11l~ dming carbonization. 
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The examination of bores drilled by the J oint Coal 
Board has continued, and has formed a major propor
tion of the Section's coal survey activities during the 
past year. 1Vork also has been carried out in co~laho
ration with the 1.\.ero11autical Research Lahoratones of 
the Department o_f Supply on the pr_oblem of _ash 
deposition on turbrne blades when burn_mg pulverized 
Victorian brown coal. 0Yer 60 locattou reports of 
seams examined were prepared rluring the year. A 
large number of techuical inquiries were dealt with, 
over 40 of which were of major importance. 

In his capacity as Austral ian member of t.he Com
monwealth Committee on Fuel Researcl1, the Officer
in-Charge continues to act as co-ordinator of reviews 
of fuel research carried out by official fuel resca.rch 
centres throughout the British Commonwealth and 
rlc:1li11,9; with : (a) physical testing of coal and petro
grn phiC' investi.gatioHS, and (b) brown and sub
bi tuminnus coals. Liaison with Austl'alinn ancl 
over~ca~ ~tnndards anthoritics continues in work on 
the classifiration of coal and t]1e standardization of 
testing methods. 

2. ExA:!lllNA'l'JON OF COAL SEA:srs. 

( Coal Research Section.) 

Survey work for this year has been on scams in 
both the Upper and Lower Coal Measures in the 
Northern Coalfield of New South Wales. 

The survey of the Greta (Lower Coal) Mensures 
in the Mnitland, Cessnock, and 1 foswellbrook areas 
is continuing. The examination and analysis of eight 
scam profiles of the Main Greta and seven from the 
Ilomcville scams have been completed during the year. 
l~ight snmplcs have been taken nt collieries working 
the Borehole scam at the base of the N e\\·castle oeries. 

Samples of presumed Greta coals haYe be<m 
ol1tai11cd from the tlJ ree major producing scams in the 
Mus\\·ellbrook open cut and from a seam outcropping 
in the extreme no!·th of the Rew South Wales Northern 
Coalfield in thr. vicinity of Ash ford . T he latter was 
rrquired in co1111exio11 with a proposal to build a ncw 
power station near Ashford. 

The c.oa l at A sh ford pr0,·ed to be a high-rank 
bituminous, medium 1·ulatile type, low in ash content, 
rnlphur and phosphorm. Considering its proximity to 
the snrface, coking properties were well developed aud 
the co:11 could be utilized for tho manufacture of 
metallurgicnl coke. Ease of grinding and an 
exreptionally low abrasion index, combined with l1 iglt 
ralorifi.c rnlue and refractory ash, indicated that thr 
coal would also he very suitnble fol' use as pulvel'izcd 
fuel fo1· steam generation. 

A tc,tnl of 23 borehole cores have been examined ou 
behalf of the Joint Coal Board from the Muswellbrook
Singlet011, Newcastle, and Mount Murray localities. 
Fom of these borchC1les were shallow hores in th<' 
Lidrloll disti·i.c t, prov ing · the Liddell, Barrett, and 
Pikes Gully seams i11 the Tomago sel'ies of t.hc lT pper 
Coal Measures. Thirteen bores result.ed from a 
concentrated drilling programme in the Balmoral arcn, 
south of Muswellbrook; imfo1idual coal plies from a 
20-30 ft. seam penetJ"ated iu this series wei·e found 
to have apparciit specific gravities varying bet.ween 
1.22 and 1.25 and ash contents from 4 to 7 per cent. 
These a re exceptionally low -figures for A ustralia11 
coals. 

Other boreholes examined were drilled in the 
neigLbourhood of Newcastle (Northern Coalfield) and 
Mount Murray (Southern Coalfield) . 

Tho installation of equipment for large-scale detailed 
floa t a11d sink testing, to determine the washability 
charactel'istics of all sizes of coal on run-of-mine 
pl'oducts, is nearing completion. 

3. Co AL OoNsTtTUTION. 

( Coal Research Section.) 

(a) Petrography.-Petrogrnphical studies form an 
importaut part of the investigations into the chemical, 
physical, and mechanical properties of coal, and of 
its behaviour under various conditions such as storage, 
grinding, carbonizing, &c. 

The petrographical structure of a number of New 
South Wales coal seams, including the Bulli, W onga
willi Main Greta, and Homeville seams, has been 
gtu(!i'c<l in thin sections using transmitted light, and 
in polished sections using incident light. 

I nvestigations of the possibility of using the distri
bution of certain microspores for the purpose of 
intercorrelatiug coal basins and individual seams is 
being continued. Studies of the spore distribution 
in seams penetrated by the bore cores and trial shafts 
mentioned in Section 2 of this Chapter have beeu 
carried out and reports have been completed on spor e 
distributions in the South Wallarah area (Northern 
Coalfield, New Sou th W a lea), and in the seams 
traversed by Dobb's Drift (Western Coalfield, New 
South Wales) . Investigations are also proceeding into 
the use of spores for seam correlation in the Balmoral 
area. 

Special investigations ii1clude a study of the 
occurrence of sulphide minerals in New South Wales 
coal seams and a comprehensive examination is in 
progress of the opaque macerals present in Australian 
Permian coals. Unusual occurrences of kaolinite 
petrifaction in the Bulli and Tongarra seams have 
been observed and reported. 

(b) Physical and Chem·ical Properties.- (i) X -ra,y 
Diffra-cti,on Studies.-These are of fundamental 
importance in the investigation of the chemical and 
physical structure of coals. For this purpose a low
and medium-angle Geiger counter X-ray spectrometer 
has been designed aud is being constructed. This will 
be used initially to study the molecular and colloidal 
structure of coals and eokes. 

(ii ) Heal of bnmersion.-An examination has been 
made of tho validity of estimating internal surface 
:treas from measurements of heats of immersion in 
various liquids, and this l1as led to the view that heat 
of "wetti.J1g" is probably a measUJ'e of an interaction 
of the wetting liquid with polar groupings in the coal 
sub3tancc rather than a measure of the internal surface 
area. The heats of immersion of coals in methanol 
have been measured on a la l'ge number of samples and 
the results are beiug analysed. 

( iii) Solubility in Ethyleneclia,nine.-The solubility 
of New South Wales coals in anhydrous ethylenedia
miJ1e bas bef'n found to be similar to that of British 
coala of the sarne rank. It ha~ been found that the 
solubility of the coals varies with the number of aci11ic 
groupings whirb a re detectable by potentiometric 
titi-ation in suspension in ethylenediamine. 

(iv) Refracti'Ve nnd Abso1·ption Indices. - Au 
apparatus bas been constructed for determining the 
refractire and absorption indices of coals by measuring 
the angle of maximum pola rization of reflected light. 

Variations in refractive iuclex at different levels of 
11 coal seam have been obser\1ed and it is hoped to 
c.:orrelate these with petrogrnphic constituents and 
mineral content. The phenomena of anisotropy 
exhibited by coals in varying deg1·ees is also being 
studied. 

(\1) Eqnilibrimn ltioisture Oontent.- A proposal put 
forward by the }:conomic Corn.mission in Europe for 
an intemational classification of coal based on calorific 
value expressed 011 a standard moisture ash-free basis 
has called for the investigation of 'a method for 
determining the "equilibr ium moistw·e conteut" or 
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"moisture holding capacity" of Australian coals 
whe~ ~xposed aud equilibrated under strictly prescribed 
conditions of humidity an ti temperature. 

(vi ) I norganic Oonstil'uents. - The nature and 
influ ence of the mineral matter associated with coal 
a_re of profound significance in tl1e combustion, gasifica
tion, and carbonization of coal, and are being given 
special attention. 

Ash fusion and clinkering characteristic:s are beiug 
investigated using the pot furnace techniques. 
. .ru1 investigation of the approximate ash analysis anJ 
1 ts usefulness has been carried out. For British coals 
it Jias been suggested that the tendency of a coal ash 
to form clinker may be predicted from estimations 
of the water-soluble, acid-soluble, and insoluble fractions 
of coal ash, but the data obtained for ash from Aus
tralian coals do not appear to correlate with clinkering 
properties nor with the fusi on point of the ash. 

The relationship between the mineral matter content 
of coal and the ash resulting from its combustion 
has been the subject of investigation using several 
techniques, including wet chemical analysis, calori
metry, X-ray diffraction, emission spectroscopy, and 
the selective removal of minerals by acid treatment 
of the coal. Such studies should also yield valuable 
information on the possibility of producing ultra-clean 
coal from indigenous sources. Chemical analysis and 
emissioll spectroscopy continue to be used for the estima
tion of trace elements present in all coals exami11ed 
( e.g. borou, germani um, titanium, &c.). 

4. COAL UTJLJZA'!'ION. 

( Coal Research Section. ) 
(a) Combustion In.ves/:iga1'ions.-The i mportance of 

th is field of fuel u tilirr.ation can be gauged by the fact 
that it absorbs more than half tl1e Australian produc
tion of deep-mine coal. T t is not yet possible to 
predict the behaviour iu use of Austrnlian coals from 
the results of chemical analysis or from abnormalities 
observed with respect to internationally used methods 
of classification. Becau8e of this, and to establish a 
more rational basis for utilizing various types of coal. 
a study of the ignition aud combustion charallteristic:s 
of Australian coals with particular reference to their 
evaluation fo1· combustion purposes is being carried 
out. The results of these investigations will 
subsequently be related to performance in large-seal<' 
uuits. 

Experience h:;~ shown that no one burnability tc,.st 
c11n be used uni1r0rsally to as-,css t,l1e combustion charac
t.eristics of a fuel under all conditions of use. There
fore, equipment has been installed for : carrying out 
tests on the reactivity of coal and coke; determining 
the ignition temperatures of solid fuels, the rate of 
propagation of ignition in beds, and the inllammability 
of coal dusts in suspension ; and investigations on the 
burning of coal and coke fixed i11 under feed and over 
feed fuel beds. 

The technique of operat;ing an exper imental fur nace 
for measuring the velocity of ignition of coals has been 
established and tests haYe been canied out on a variety 
of coals. 

The pilot-scale combustion furnace for s tudyino- the 
burnability of coal fired in miderfeed fuel beds has'"bee11 
installed, and preliminar y tests on representative coals 
from three Qf the main coal producing districts in 
New Soutl1 Wales have been completed. 

A combustion furnace to simulate overfeed fuel beds 
is almost complete and will be ready for operati01, 

during the forthcoming year. · 
Ignition temperature and in!iammabilit_y charac

teristics of coal dust suspensions and reactivitv of coke 
to air are being investigated in all samples o( coal and 
coke obtained i11 the course of the Section's survey 
work. 

( b) .1.l1. echa:nical Pro periies.-Tbe g1·owing demand 
for pulverized fuel and the increasing attention being 
pai<l to the sizing and cleaning of coal emphas_ize 
the impol'ta11ce of investigations into size degradation 
processes. Studies of the mechanical properties of 
coal include measul'eruc1Jts of coal, stl'ength, friability, 
patticle size <listribution of the broken material, 
r esistance to brealrnge by attrition an<l by impact, 
gl'indability, and a bmsi veness. Knowledge gained 
from such ~t udie.; is essential for good mining practice 
and the development of efficient coal handling and 
crushing plant. 

The installation of testing equipment fol' carrying 
out the above investigations has been completed during 
the year and a considerable amount of work has been 
done on coals and associated dirt bands and also on 
cokes produced in the course of cal'bonization studies. 

l!'rial.iility (drop shatter te,;t) values for the Greta, 
lloiueYille, and Borehole seams vary between 9 and 21 
per cent., for tl1c Bnlli seam are 13-20 per cent., and 
for the Lit hgow seam 10-11 per cent. 

The abrasive index for the Greta, Homeville, and 
Borehole seams ranges from 30 to 100·, for the Lith
gow seam is about 8i>, for the seam at Ashford 16-25, 
and for B ulli seam 6½-42. 

Hardgrove gl'indability indices for the GJ:eta and 
llomeville seams are from 35 to 40, compared with 
50-55 for the Lithgow seam, 55-62 for the Borehole 
seam, 75-82 for the Bulli seam, and 80-87 for the 
A:;hford seam. 

(c) Oarb011izalion St-uibi,es.-(i) Carbonizing P1·0-
pcrties.-The ciarboniiing w ·operties of Australian 
coals continue to be investigated with a pilot-scale 
plant similar to that designed jointly by the United 
States Hureau of Mines and the American Gas Associa
Lion. During the yenr test runs have been carried out 
011 sawples obta.iued. :from !;he Homeville scam (upper 
, plit), Borehole seam, and Litbgo 1Y searu. Computa
tions Oil these and preYions test runs continue. 

(ii) Plaslic B ehaviour of Ooals D1.wing Oarboniza
lion.- Laboratory measurements of plasticity using the 
Gieseler and D avis plnstorncters have been made, and 
the correlation beL,reerr Gray King carbonization assays 
1111d tlic Au<libert-.\rnu dilatometer test for Aus
t ralian coals is beiHg investigated. 

( ii.i) Ji'im1la11iental 1l spects of Ooking.-Ultimatc 
a11.qJysis, infra-red a b~orption spectrn, heat of wetting, 
$urface area, and X-ray diffraction data are being used 
in cornbi11:1tion to cxami11e coals at successive stages 
of carbon izat ion. The effect of carbon content and 
the proportion of micrinite ·on the carbonizing proper
tic.; :ire being studied. 
· (h·) Carboni~ing Conwilicms.-?i.laterials aud equip
meu t l1aYe been obtained for the erection of a pilot
sca le slot oven for illvestigating the carbonizing and 
bl011dii1g of .coal for produt'tion of foundry coke. 
W orki111-; drawings Lave also been prepared for the 
i.n<.tllllation of a small oven for measuring expansion 
pl'essures clereloped during c,n·bon.ization . 

With tl1e com pletioll of tb is equipment the Section 
will bave compr ehensive facilities- available for investi
gat i11g the influenc-c of ca1·bonizi11g conditions on coke 
properties. 

5. MBTlCODS OP ANALYSIS. 

( Coa 1 Research Section.) 
Generally, the methods- of analysis used are those 

specified by the Australian and Br itish standards 
institutions or by tJ1e British Fuel R esearch Station. 
Inve~tigation of and comparison with other methods 
co11tinue. 

(a) Direct Deler1ninalion of Oxygen.-The direct 
determination of oxygen bas been carried out in coals 
of a wide range of rank and type and some errors 
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inherent in the difference method have been revealed. 
It has also been shown that water and oxides of carbon 
and sulphur derived from pyrolysis of minerals con
tribute to the value of oxygen content as determined 
directl_y. 

(b) T a1· Analysis.-Methods of estimation of con
stituents of tar, e.g., naphthalene, phenanthrene, car
bazole, and anthracene, continue to be investigated. 

Attempts have been made to develop a rapid meiho<l 
for the estimation of total acids and total bases, and an 
original method has been developed for the separation 
of tars into acidic, basic, and neutral fractions by ion 
exchange chromatography. 

(c) Spect?-oscopy.- (i) Emission.- A method for 
the rapid quantitative estimation of the major con
stituents of coal ash is being perfected. Semi
quanti tative determination of trace elements is being 
carried out on coal ashes. 

( ii) Absorpl1ion.-An infra-red spectroscope has 
been installed and calibrated, preparatory to examining 
the absorption spectra of coal and tar fractions. 

(d ) X -ray D·iffraction. - The routine qualitative 
determination of minerals in coals by X-ray diffraction 
measurement is being investigated. The predominant 
minerals of the inorganic matter inherent in New 
South Wales coal seams so far examined appear to be 
quartz and kaolinite, occurring in varying proportions. 
Other minerals such as ferrous oxide, a-titanium 
sesquioxide, dolomite, calcium carbonate, iron car
bonate, and calcium sulphate are recognizable in small 
quanti.ties. 

6. POLLENS IN BnowN CoAL. 

(Pollen Research Unit.) 
The Pollen Research Unit at the Botany School, 

University of Melbourne, has continued studies on the 
fossil pollens in brown coals and related Tertiary sedi
ments. Samples from the Birregurra No. 1 Bore, and 
other deposits hnYe revealed the existence of three 
distinctive micro-fioras of stratigraphic significance in 
Victoria, and a related Tertiary flora has been dis
covered in Western Australia. 

A study on the composition of brown coal fusain has 
also been made. 

7. UTILIZATION OF Low-RANK COAL . 

(Division of I ndustrial Chemistry.) 
( ci) Synthesis Gas.-For some years, work has been 

in progress on the production of synthesis gas from 
browu coal and brown coal chars by steam-oxygen 
gasification in a fluidized bed r eactor. Progress has 
been limited during this year by the lack of essential 
iuformation which is being sought in the work described 
in Section 7 ( d) of this Chapter. 

(b) PressU?·e Gasificat,ion.-Despite the successful 
development of the Lurgi pressure gasification process, 
very little is known about the reactions which occur 
in the generator, and the effect of pressme on them. 
This applies parti.cularJy to the reactions leading to the 
synthesis of methane, which is the main enriching 
<.'omponent in the product. The mechanism and rate 
of methane formation in pressure gasification is being 
studied to provide a better understanding of the Lurgi 
gasification process, and to de:line the lines along which 
an improved gasification process could be developed. 

Wi th this end in view equipment has been installed 
to study the reactions which occur when brown coal, 
brown coal char, or inert materials are brought into 
contact with hydrogen-carbon monoxide mixtures under 
oressul'es up to 50 atm., and at temperatures up to 
900° C. The reactor employed is designed to handle 
the solids in a fluidized state to enable the temperature 
in the reaction bed to be closely controlled and to permit 
of co11tinuous feed nud withd1:awal of solids. 

A series of experiments has been planned to deter
mine the contributions made to methane synthesis by 
coal hydrogenation, carbon hydrogenation, and gas
phase synthesis, either catalysed or uncatalysed, and to 
determine the kinetic features of each set of reactions. 
One immediate result of this work will be an evalua
tion of the Dent two-stage pressure gasification process 
as applied to brown coal. 

Initial test runs with this equipment will commence 
in the near future. 

( c) Fimdamental Stud,ies Related to the Gasification 
of Coal.-Othcr fundamental work is in progress on 
other reactions important to coal gasincation. An 
nttack is being made on the difficult problem of deter
mining the effect of pressures up to 50 atm. on the 
rate of the primary steam-carbon reaction. It is 
hclieved that the techniques being used are a consider
nble advance on previous work in this field. 

The pore structure and surface area available for 
rcnction of char and coke samples are being deter
mined. A helium density apparatus has been con
structed to determine the true densities of porous 
materials, and it has already been used to i.m·estigate 
time-density changes which occur when brown coal 
is carbonized over a range of temper atures. Apparent 
surface areas for carbon and other porous solids have 
been determined by means of a Carman gas-diffusion 
porosimeter. Measurements of the structure of macro
pores in carbon samples have been made with a low
pressure mercury penetration appara tus. To <lP.termine 
pore structures having diameters as small as 40-60 A a 
new mercury penetration apparatus capable of 
operating at a pressure of 30,000 lb./sq. in. has been 
constructed. The results obtained should provide 
valuable information on the actual pore structure of 
the solicl samples and also help to clear up anomalies 
in surface areas determined by methods based on the 
heat of wetting and on the adsorption of nitrogen. 

This work is aimed at a better understanding of the 
way in which the method of preparation of carbon 
samples affects their reactivity to gasifying agents, 
and the mechanism of carbon attrition during 
gasification. 

In continuation of the work on the catalysis by coal 
ash constituents of reactions occuning during the 
gasification of coal, apparatus h as been constructed to 
study the catalysis of methane synthesis by coal ash. 

(cl) Fliiid-izat-ion Studies.-To provide information 
required for the design of experiments in Section 7 (a) 
of this Chapter, an investigation of the fluidization 
characteristics of finely divided brown coal and brown 
coal char is in progress. Previously it has been 
necessary to determine the optimum conditions for 
fluidization of a particular sample of material by visual 
observation of its behaviour when fluidized in a 
transparent-sided apparatus. These r esults must then 
be extrapolated to actual reactor conditions, in which 
the fluidizing gas may be under high pressure, at a 
high temperatme, or of a different composition from 
that used in the initial test. Although methods of 
extrapolation have been proposed, they are not sup
ported by any conclusive experimental evidence. In 
ncldition the movement of solids observed in the trans
par ent test apparatus is that close to the walls and it 
is doubtful if it is representative of the wliole bed of 
material. 

A method has been devised for the quantitative 
measurement of the degree of homogeneity of the solids
gas mixture in a fluidized bed and it is being used to 
check proposed methods of extrapolation of :fluidization 
test data. By means of a sensitive pl'obe which can 
he easily inserted into an nctual fluidized reaction 
systen~ it will be possible to confirm that the conditions 
11 i med at are actually being achie,,ed. 
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8. U1·1tr7.AT!ON 01•' SOLAR E NERGY. 

(Central Experimental Workshops.) 
Work which had been commenced the previous year 

on the performance of flat-plate solar absor bers in Mel
bourne was continued and a prototype solar water 
heater embodying a flat-plate absorber was constructed. 
The performance of this unit resulted . in the devel?p· 
ment of what is believed to be a satisfactory design 
for use under Australian c011ditions. It is hoped that 
a number of these can be installed in various locations 
th roughout the country where their performance would 
be further observed. 

I t appears that correct design from the point of 
view of fiow conditions in the absorber and the connect
ing piping is important in the efficiency of heat 
transfer. After nllowing for the capital cost ot the 
installation the solar water heater looks economically 
attractive :omparcd with other forms of heating up to 
temperatures of the order of 135° F ., which is adequate 
for domestic and many industrial applications. The 
efficiency of the absorber, however, drops off rapidly 
above this temperature, and it is unlikely to be economic
except where other forms of heating are very 
expensive. 

XXI. PHYSICAL METALLURGY. 
1. GENERAL. 

A programme of research on specialized projects in 
the field of metallurgy is undertaken at the Section of 
Physical Metallurgy established in the Research 
School of Metallurgy at the University of Melbourne 
under Professor J. N. Greenwood. This work is 
described below. Work on metal physics is in progress 
within the Division of Tribophysics (see Chapter 
XXII.) . 

The work of the Division of Industrial Chemistry 
on foundry sands is reported in Chapter XVIII., 
Section 4. 

Section of Physical 1Yletallurgy.-Extensions to the 
Baillieu Laboratory were completed during the year 
and have made much new laboratory space available 
t o the Section. 

The main investigations described in the previous 
Annual Report have been continued. The titanium 
project has been extended to include a study of the 
deformation and mechanical properties of titanium 
and its ~llrys at both normal and elevated tempera
tures. This strengthens the link between the titanium 
investigations and the other main project of the 
Section, namely, researches 011 the mechanism of 
deformation in metals. The new investigation also 
develops the engineering applications of the earlier , 
more fundamental i·esearches on titanium alloys. 

The Section has continued to participate in the 
training of undergraduate and post-graduate students 
in the Baillieu Laboratory. It has also continued to 
answer inquiries on metallurgical problems submitterl 
by industrial concerns and other government depart
ments. 

2. TrrANIUllr AND rrs ALLOYS. 

(Section of Physical Metallurgy.) 
(a) Alloys.- The effects of alloying elements on 

the allotropic transformation in t itanium have been 
interpreted in terms of the electron theory of metals; 
the Briliouin zone characteristics of the allotropes of 
t itanium are probably amongst the most important 
factors which determine the effects of alloying 
elements on the transformation temperature. 

During the year work was commenced on an investi
O'ation into the effects of alloying on the mechanical 
proper ties nf titanium at temperatmes in the range 

20-600° 0 . The alloying elements covered in this work 
were aluminium, tin, zirconium, oxygen, and nitrogen. 
All these elements dissolve to an appreciable extent 
in the a (low-temperature) form of titanium and 
they yield solid-solution alloys which are stable in the 
range of tern perature studied. It was considered that 
an examination of the mechanical properties of these 
a solution alloys would materially assist in establishing 
a basis for the systematic development of titanium 
alloys for engineering applications. 

Aluminium appears to have beneficial effects on the 
mechanical proper ties of titanium at both normal and 
elevated temperatures. The effects of zirconium were 
also appreciable, while large adclitions of t in caused 
intercrystalline brittleness at temperatures above 
400° C. Alloying with oxygen and nitrogen tended 
to make titanium brittle at normal temperatures 
without any significant improvement in strength at 
elevated temperatures. Some of the effects appear to 
be due to strain-aging; this possibility, and the delaying 
of strain-aging by suitable alloying, are being 
investigated. 

(b) Reactions with Oxygen.-The study of the 
kinetic oxidation of titanium at elevated temperatures 
has been extended to include other factors. Decrease 
in prP.ssure from 700 to 100 mm. H g. reduces the 
oxidation rate by less than 5 per cent. Heavy 
deformation has li ttle effect, but the influence of 
grain size is appreciable. 

A small arc furnace has been constructed for the 
preparation of extremely pure microsamples of 
t itanium alloys. 

( c) Olicmical Studies.-A polarograph has been 
built and exploratory work on its use for the deter
mination of impurities in titanium has been carried 
out. 

A method of descaling and polishing titanium 
chemically with pyrophosphoric acid has been 
developed. 

3. D EFORMATION OF METALS. 

(Section of Physical Metallurgy. ) 
The study of the creep of lead and its alloys has 

been continued. The cracking of lead-tellurium alloys 
during creep appears to be associated with inhibition 
of grain-boundary migration and variations in grain 
size. Factors affecting the recrystallization of pure 
lead during creep have been investigated. The results 
indicate that the strain at which recrystallization 
commences is sensitive to the thermal and mechanical 
history of the specimens but not to rate of strain nor, 
therefore, ~o the observed types of deformation. The 
effects of prior strain by creep, of grain size, and of 
specimen size on the creep of lead and lead-thallium 
alloys are also being studied. 

Experiments have been completed on the comparison 
of various methods of r evealing sub-grains in 
aluminium and zinc and the general development and 
assessment of special optical techniques continued. 

Apparatus has been designed and constructed and 
preliminary ell.l)eriments made for the study of the 
mechanism of deformation of titanium at elevated 
temperatures in vacuo. 

XXII. TRIBOPHYSIOS. 
1. G ENERAL. 

The Division of Tribophysics has developed from 
the former Lubricants and ·Bearings Sec.tion established 
during tho war to assure Australian engineering 
industry ,of esse11tial information in the manufacture 
of bearings for aero and other engines. The orio-inal 
investigations have been continued and extended to 
include fundarnen'tal studies in metal physics, the 
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.,urface physics and chemistry of the solid state and 
~·eaction kinetics. Major advances have been ~ade 
111 the knowledge of distortions in metals produced 
by plllstic deformation, of phase changes in metals, 
and of the mechanism of oxidation reactions. 

Dit-ision of Tribovhysics.-Tbe work of the Division 
lias been continued alon,,. the o-pneral lines <lescribed 
. h " ~ 
111 t e 1a, t A.11nnal Report. The Diris ion is now com-
pletely instnllcd in its new laLorntory situatecl in the 
g roun<l.s of the UniYcrsity of )folbonrnc. The ne,1 
hu ii ding was opened officially by the Minister in Ohnrge 
<,f the Orgrrnizntio11, the Rt. H on. R. G. Casey, C.l:I., 
D.S.O., 1\1:.C., J'vf.P., on 10th December, 1n53. 

_.~s ill previous ,ycnrs, the Division has co-operated 
,nth the Cherni~trv, :Mctall urgv Physics and '" . . ., ~" ' ' _l',ng111ecrmg Departments of the Unirnrsity and is 
mdebtcd to these Depa rtments for the use of many 
~~~ . 

Ach-ice and assistance have been given frequently 
to r1nmerous i11dustrial firms, ~ovcrrnnent organizations, 
clenartmcnts of various universities, and other Divi
sions of the Organization. T he range of subjccts
lubrieation, heai·ings and bearing metals, wear, metals 
lt"!rh~1olog-y, c1f'r.trolytic polishing, cleetronics, com
h11st1on, :rnd gas ana]y,:is-illns trate,~ tl1e way in which 
I he fu11dnmf'ntul invc.,tigations of tl1c Divis ion are 
rC'btctl 1·0 prac:tical applications. 

Officers of the Division have con t i11 ued to act· 011 

rnrio11s uomrniltecs, in particula r, the C.S .I.R.O.
Dep111·tmc11t of Supply Engineering Group Committee. 
The metall urgical colloquia held with other metal
l11rgical group~ continue to be an im por tant medium 
for the excliaugc of ~pcci~ilizcd lrnowlcdge. 

2. PROI'EH'l'!tS 01' St:RFACES. 
(Division of Trib0physics.) 

The worl, on the physics anrl cht'mistrv of solid 
surfaces is concerned mainly with the influence of the 
a.nangement of the ntoms in the surface on its proper
ties, the behaV1our of molecules absorbed iu solids and 
practical as perts of fricLion and ln brication. ' 

(a) Bea1,ing Test-ing.-Becanse of the transfer to the 
Hew l aboratory the apparatus bas had to be largely 
reconstructed. The parallelogram type of balance 
used. for measuring bearing frict ion torque has been 
1110~1fied to allo,~ _of twice the bearing load previously 
a va1lable. Prons10n lrns been made for the application 
and .measu rement of a t~rque tending to misalign the 
b<:armg and f~r th~ adn11xture of boundary lubrican ts 
\\'1th the test 011 as it enters the bearing. Recalibration 
of the balance and associ ated equipment is almost 
complete. The work on the effects of geometrical 
factors nnd surface finish on performance will be con
tin uecl. 

( b) Adsorption.-The phenomena of .adsorption on 
solid su.rfaces a1·e being investig11 ted by studies of the 
adsorp~LOn of long-chain organic compounds ou solids 
of vanous types. 

The adsorption of a monomolecular layer of a com
pound from its aq11eo11s ~olution renders the surface 
~1ydropbobic to the solution only when the concentration 
1s within cer tain limits. These critical concentrations 
!lre almost independent of the nature of the solid but 
vary widely for different compounds in solution. The 
1·esul ts snggest that t he lower and upper limits are 
9ssoci.ated respecfr,,ely with the adsorption of the 
monomolecular layer and the formation of miceJles i11 
the bulk of the solution. 

7:'he behaviour of mono- a_n~ mult irnolccular layers 
of u:isoluble co1:11?ounds on chflercnt surfaces has been 
st u?1ed by se1;1s1~1ve radio-tl'ac.er techn iques. A. radio-
11rt1Ye nto;111 ~s 1~1corporuted rn the orgunic molecule 
nnd the d1~tn bu t10n of the molecules over the surface 

i., followed by a special Geiger counter and by auto
rndiogrn pby. It has been widely supposed that under 
certain conditions organic compound,, will diffuse over 
$olid surfaces. However, true surface diffusion of 
long-chai11 compo11n<ls over macroscopic distances has 
been shown not to tnke place even at temperatures 
ll'Cll abovn the mel ting poiHts of the compounds. At 
tempera! ures near the melting point desorption of the 
cornpounrl begins to occur aud in favorable cases the 
desorbed material may t ravel through the vapour phas,i 
an<l be re-adsorbed 011 1rnothe1· part of the surface. 
This process is proba bly res ponsible for a number of 
cnrlicr claims that surface diffusion bad Leen oLserved. 

(c) React-ions -in .Monomolewlar Ji'ilms.-Tbe study 
of nii.xed monomolf'cular layers of long-chain fatty 
aeids and thei l' metallic ·soaps is hampered by the 
diflfonlty of preparing films of known composition for 
transfer to the solid from the surf.ace of water. This 
h:1s necessitated an investigation of the mechanical 
properties and composition of films of long-chain com
pounds spread on solntions containing metallic ions . 
The results show that with stearic acid chemical 
rca('tions between the film and the ions convert the 
acid into the corresponding soap. The degree ,of con
Ycrsio1:i _and the nature of the soap produced depend in 
t1 sc11S1t1ve way on tbc pH of the solution. Thus with 
ca reful control of the pH, films of a required soap 
content may be prepnred by this method . 

( d) Catalysis on Single Crystal Surfaces.- Tbe 
ea ta lytic propcrtic., of 11 solid depend on the geometrical 
arrang~ment of. the atoms in its surface. Very little 
exact mforn1at1on on the effect exists since it is 
difficult to isolate it from other fnctors. The difficulty 
!ms been overcome by a study of catalysis on the 
surfaces of differently oriented sii1gle crystals of the 
same metal. The activation energy for the decomposi
tion of fo~·mic ~cirl on silver depends strongly on the 
crystal onentat1on, the value characterist.ic of faces 
parallel to the (110) plane being almost double that 
ob_tained wi~h fac~3 parallel to the (111) plane. The 
effect of one11tat1on on the overall rate of reaction 
is relatively small sil1ce the a lter ation in acti,ration 
e11crgy is compensated by a large variation in the 
entropy of -activation. The kinetic pnrameters obtained 
with the polycrystalline metal h ave roughly the values 
expected from a random orientation of crystals ; specific 
effects of the crystal boun~aries appear to be small. 

3. :META T. PHYSICS. 

(Division of Tribophysics.) 

The aim of the work is to obt.!lin a better under
standing of the plastic properties of metals and of the 
mechanism of ph11se changes. This knowledcre will 
make it possible to state the best condition~ of a 
material . for us~ in practice, and widen the range 
of materials available to industry. 

(a) Pl~stic Deforr;1-ation.-It is generally accepted 
that plastic de~or~at~on of metals occurs by the move
ment. and n:uH1phcat1011 of l attice imperfections known 
9S dislocations. The interaction 0f dislocations in 
!notion is. believed to give rise to two other types of 
JJUperfectio11~ : vncant lattice sites and interstitial 
atoms. Dt:rrng deformation not qnite all the energy 
~xpe~d~d. 1s released as . heat; . a sm11ll percentage 
1 P.rn~m~ 111 the metal and 1s associated with the impcr
fe?tions produced by deformat ion. Measurements of 
~his s tored energy and ob~errntion of the manner of 
1 ts r~leas~ when the deformed metal is heated there.fore 
pronde 1_nfo1:mntion about the imperfections present. 
By comb111ahon of such measurements with those of 
other properties, such as re~istivity hardness and 
marroscopie density, the contl'ibutio~s to the ~torcd 
energy b.y !he ~arious types of imperfection may be 
further d1strng111shed. Other 11pp1·onches to the problem 
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arc through the measurement of the distribution of 
intensity in X-my diffraction patterns from deformed 
metals and the study of the movement of crystal 
boundaries chll'ing annealing after deformation. 
· (i) EnergJJ Stored in a ,lietal Diiring Deformation. 

- For pure copper deformed in torsi on the r esults of 
early experi ments indicated that practical1y no libera
tion of energy occurs below the recrystallization tem
perature. This suggests th.at in this case the only 
stored energy measured is that associated w ith disloca
tions. The r esult has now been shown to be independent 
of the heating rate and it is obtained when the metal 
is deformed both in tension and in compression. It is 
therefore not occasioned by the i nhomogeneity ~f 
torsional deformation. That this r elease of energy 1s 
associated "·ith recrystallization has been established 
by hardness, resistivity, and density measurements, 
and X -ray and metallographic examination. 

:Measurements of energy stored in deformed nickel 
have coutinue<l with improved methods of measuri11g 
the changes in electrical resistivity and density 
associated with the various stages of energy liberation. 
Approximately 60 per cent. of tlie stored energy is 
liberated before recrystallization. The release of the 
first 40 per cent. is associated with an increase in 
density and a loss of approximately 40 per ce11t. of the 
increment in electrical r esistivity due to deformation. 
These remlts suggest tl1at part of this energy release is 
due to the disappearance of vacancies. Calculations 
baserl ou the assumption that the metal is an aggregate 
of spherical "grai11s" and that the vacancies disappear 
b_y rliffusing to the "grain boundaries" agree very well 
with the experimental results. A further 20 per cent. 
of the stored energy is liberated slowly in a temperature 
r anp;e in which the decreases i11 electrical resistivity 
and hardness are sma 11. This r elease is considered to 
lw ,\uc to a "recovery" process involving r earrange
ment and annih ilation of dislocations. The remaining 
40 per cent. of the stored energy is r el eased con
currently with recrystnllization. As with pure copper, 
the mamier in w hirh the stored ene1·gy is released is 
independent of the heating rate and i s not influeneed 
by changing the mode of deformation from torsion to 
tensio n. 

With ar~enical copper about 40 per cent. of the 
stored energv is liberated before r ecrystallization. 
Most of this release occurs without any change in hard
ness, electrical resisti,,ity, or density. The remaining 
60 per cent. of the stored energy is released concurrently 
with recrystallization. For this material it appears 
that vacancies make no contribution to the stored 
e11crg_y and that the energy release prior to recr yst al
lization is due to "recoYery ". The total energy stored 
i s higher than for pure copper . This indicates that 
difference in the purity of materials is r esponsible for 
the discrepancy between enrlier E nglish ,vork and the 
p1·esent results on pme copper. 

(ii) Shape of X-i-ay InterfP-rence Lines.- Plastic 
def~rmation of a. metal_ produces broadening i11 the lines 
of its X-ray diffraction pattern. Two causes con
tribute to the effect : distortion of the crystal lattice 
1rnd reduction in particle size. The two phenomena 
ran be separated by Fourier analysis of the line shapes. 
This treatment bas been 11pplied to measurements of 
tlie line shapes of ui0kel fi lings anne11lcd at various 
temper.atnr ~s, wi!h the_ object of conelnting the degree 
of lattice d1storti011 with the amoun t of stored energy 
measured directly. 

( iii) Changes in Electrical Resistivity Due to Cold
workin.g.- The change in resistivity produced by cold
working has always been regarded as independent of 
the temperatul'e at which the resistivity i s measured. 
Very accurate measurements made by a method 
developed in collaborntion with the Division of Electro
technology have shown, however, that the diffe1·enee 

in resistivity between the deformed and the annealed 
metal decreases with i1wrPasing temperature. It has 
bceh concl uded from this Lhat the thermal vibration 
of tLe atoms is influenced b.) L.le l attice distortion intro· 
<luced by cold-working. 

( iv) Interaclion Between Adjacent Crystals in a 
.11.etal Undergoing Deformalion.-The influence of a 
crystal 011 its neighbours during deformation has been 
followed by observation of slip linea in the slll·face and 
internal structures developed by etching. Removal of 
known thicknesses of material from the surface and 
comparison of the new etched surface with the original 
show that the continuation of slip lines from one 
c-rystal across a boundary into another is not merely a 
sul·face effect. The geometry of the crossing of slip 
li11es bas been determined. Other characteristics of 
defor mation on t he surface have also been shown to be 
µreseu t in crystals embedded in a matrix of others. 
Tl1e results demon,strate that deformation of crystals 
exposed at the surfaec is not essentially different from 
that of crystals entirely surrounded by others. 

( v.) Kinking and Twinning.- A detailed study of 
the tr aces of twins and the kinks which accompany 
twinnit:g has been made on cleavage faces of zinc single 
crystals and on sections cut normal to the t1·aces of 
twins in the basal plane. On this basis a mechanism 
lias been suggegted for the growth of a twin in l ayertl 
and thp formation of the kink by the accumulation 
of dislocations of one sign. 

(vi) Recrystallizalion.-The movements of crystal 
boundaries in non-cubic metals during annealing can 
be observed with polarized light. The possible cone
lation of the movementB with surface markings 
produced by deformation is being studied. The 
surface markings are r e<;ordcd accurately by a specially 
developed replica technique so that they may be 
compared later with observed movements of the 
boundaries. Special techniques harn al so been worked 
out for defor ming the specimens and heating them 
uniformly on the stage of the microscope. 

( b) Phase Changes.- Phase changes in solids are 
of two types. In the first tYJ)e the change takes plare 
by diffusion, i.e., nucleation and growth of the new 
structu re arc effected b_y means of the thermal movement 
of the atoms. In tLe second type, known as martensite 
transformations, thermal moYement plays no part and 
the change can oecm extremely rapidly at low trm
peratmcs. The transformation occurs by small 
displacements of atoms relative to each other so that 
each atom in the new stmctnre has the same neighbours 
11~ i t had in the old. 

(i) Diff1isio11.- In a theoretical study experimental 
results obtained previously in the Division on self
diffusion in tin have been interpreted in terms of 
possible mechanisms. It appears that diffusion in a 
rlirection paTallel to the tetragonal axis is dominated 
b,y the movement of inter stitial atoms, while diffusion 
perpendicular to this axis is clue mainly to the migra
tion of vacancies. 

( ii) Mai-tensite 'l'ransformations.-In this type of 
phase change tho atomic displacements can be 
deduced from vnrious obse!'vable geometriral features 
of the transformation. A general theory has been 
developed which accounts fo r the geometrical properties 
of a nurn her of individual transfo1·mations. The 
theory lrns now been shown to pTedict successfully the 
geometrical properties of transformations of body
cc11tr ed cubic structures to close-packed hexagonal 
structures in titanium and II copper-aluminium alloy 
and those of the transformation of the horly-rentr;J 
cubic to orthorhombic strncture in a gold-cadmium 
alloy. The experimental investigations of the order
disorder trnnsformation in copper-gold allovs and of 
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precipitation fr?m the supersaturated a-solid solution 
m copper-?eryllmm alloys, though not yet complete, 
are sufficiently advanced to indicate that these 
changes are geometrically similar to martensite 
transformations. 

4. REACTION KINETICS. 

(Division of Tribophysics.) 

Tho kinetics group has been concerned mainly with 
tw-0 problems-

( a) the study of the kinetics of oxi elation of 
organic compounds, and 

(b) the measurement of thermal conductivities of 
organic vapours. 

(a) Kinetics of Oxidation of Or{la,nic Onrn.pounds. 
-Oxidation by the atmosphere contributes largely to 
the deterioration of numerous organic materials, for 
example, lubricating oils, rubber, and high-octane 
petrol. Highly complex chain reactions are involved. 
In many cases the intermediate formation and decom
position of peroxides greatly influence the progress of 
the reaction. Oxidations in the gas phase, e.g., those 
responsible for knock in the petrol engine, are also 
influenced by the transitory production of aldehydcs. 
Details of the reaction mechanism are obscure in all 
but the simplest cases. Two aspects of the problem 
have been studied: (i) the mechanism of oxidation 
of gaseous hydrocarbons, and (ii) the kinetics of 
decomposition of benzoyl peroxide in the presence of 
antioxidants. 

(i) Mechanism of Oxidation of Gaseous llydro
carbons.-The results of kinetic and analytical experi
ments with propylene suggested that the early 
development of the reaction is controlled by the forma
tion and oxidation of formaldehyde and higher 
aldehycles; subsequently, higher aldehydes alone are 
important. The oxidation of isobutane is being 
investigated. The kinetic characteristics of the reaction 
are broadly similar to those of propylene oxidation 
but detailed kinetic experiments have revealed 
important differences. Interpretation of the kinetic 
p_roperties ~waits the results of analytical investiga
tions now m progress. 

(ii) Effect of Antioxidants on th.e Decomposition 
of Benzoyl Peroxide.-Peroxicle molecules frequently 
decompose by :fission into two free radicals. According 
to circumstances, the radicals may initiate cliain 
reactions leading to oxidation of other substances or to 
decomposition of more peroxide. Both chain reactions 
are eliminated by certain molecules (anti-oxidants) 
which react i-apidly with free radicals. The effects 
of numerous antioxidants on the latter reaction have 
been studied using benzoyl peroxide. Polynuclear 
hydrocarbons, quinone, and picric acid inhibit tht?. 
decomposition to a limiting rate. The inhibiting actioll 
of_ phenol?, h?wever, i~ counteracted by_ an accelerating 
effect. Kmehc analysis and photo-chemical experiments 
have shown that this results from a direct reaction 
between peroxide and phenol molecules. Contrary to 
the generally aC'cepted view, free rndicals are not 
involved. 

(b) Thenna.l Oond11clivities of Organic Vapours.
Measurements of the thermal conductivities of gases 
nnd vapours provide information on the nature of 
molecular collisions. The conductivi ties of a number 
of vapour mixtures have now been investigated. For 
mixtures of simple non-polar compounds the conduc
t~vity va1;·ies approximately linearly with composi
t1on, as 19 to be expected on theoretical ground~. 
However, for mixturrs of polar with non-µolar vapours 
the ~onductivity-composition curves exhibit pronounced 
maxima. The results throw light on the dynamics of 
collisions between dissimilar molecules. 

XXIII. NATIONAL STAl~DARDS 
LABORATORY. 

The maintenance of the Commonwealth standards of 
measurement is shared by the Divisions of Metrology, 
Physics, and Electrotechnology, which together com
prise the National Standards Laboratory. 

Work referred to in the last Annual Report, on 
the intemational comparison of end standards of 
length arranged by the International Bureau of 
Weights and Measures, has been continued. The end 
standards have been measured in the Laboratory and 
at the Bureau and are now back at the Laboratory 
for the :final series of meas1uements. 

Work arranged by the Bureau, on an international 
comparison of temperature standards in the region 
below 630° 0., is in progress. The Laboratory is 
collaborating with the National Physical Laboratory 
England, in a comparison of temperature standards i~ 
the optical pyrometer range, i .e., a hove 1,063° C. 

Two further 1'est Pamphlets giving details of the 
work of the Laboratory and the tests carried out ha:ve 
been issued. Those issued so far are : No. 1-lleat, 
hygrometry, and viscometry; 2-Optics and photo
metry; 3-Electricity and magnetism; 4-Engineering 
metrology; 5- Materials testing machines and 
mechanical instrnments; 6-Physical instruments. 

XXIV. METROLOGY. 

1. G ENERAL. 

A~ong the basi~ fact_ors in modern engineering 
production arc umformity of quality and of 
performance. Industry therefore needs to be able to 
m~ke accurate measurements. The equipment used for 
this purpose must be regularly controlled, checked 
and calibrated against appropriate working standards'. 
These in turn require periodical calibration in terms -0f 
the national standards, some of which are maintained 
by tho Division of Metrology. 

Division of J1I etrology.- The Division as pa1·t of 
the National Standards Laborn tory, is r:sponsible for 
the Commonwealth standards of measurement of 
length, mass, and time intcrrnl, and the associated 
physical quantities. 

The ruain effort of the Division is directed townrds 
statutory and industrial requirements reo-arding 
nati?n_al standards, but r esearch on probl~ms of 
precision measurements in metrolo"y and applied 
mechanics is also undertaken. 

0 

The most in:portant_ project of the year was again 
work for an i~ternational intercomparison arranged 
by the Internat10nal Bureau of Weights and Measures. 
All the labour put into the earlier work was destroyecl 
by the unfort1mate mishandling of the case in transport 
when bars a~c~ platen were irre)?arably damaged. T~ 
enable the D~vis1011 to take par t m the intercomparison, 
the Intcrnatioual Bureau quicldy made available four 
end bar s and the work was completed within the 
necrssary time. 

Another important piece of work done for the 
D~visi_on of Tribophysics, was a very' accurate deter
mmnt10n of ehanges in density of strained material 
on annealing. 

Very great intei·est was aroused by the exhibits and 
demonstrations . at the two open days beld at the 
Lnboratory durmg tbe year and the number of visitors 
reached the limit that co_nld be handled by the staff. 

Addresses have been given to technical institutions, 
and members of the staff lecture in the Department 
of Production Engineering of the Sydney Technical 
College; officers have taken part in t.he work of the 
Standards A ssoeiation of Australia, the N ationa] 
Asso?i~tion of 1:esting ~uthorities, and the Optical 
Mumt1ons Techmcal Advisory Committee. 
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2. LENGTH ANO ..U.SSOOlATED QoAN'l'I1'IES. 

(Division of Metrology.) 

(a) Standards.-lVIaintenance of the Laboratory's 
line and end standards of length has continued. A 
metre line standard of nickel and a 20-in. line 
standard of nickel steel have been added to the range 
of w01·king standards. 

(b) Uni·versal Comparator.-This comparator has 
been used extensively for calibrating both the 
Laboratory's own working standards of length, and 
scales for outside organizations. The temperature of 
the scales during calibration can now be measured, 
using the Mueller bridge and associated resistance 
thermometers, with an accuracy of +0.004° 0. on 
the International scale, whilst temperature differences 
between the scales may be measured to +0.001 ° 0. 

(c) Geodetic Base.-Thc 4-m. standard has been 
calibrated and used in a preliminary calibration of 
the geodetic base and of three of the Laboratory's 
standard tapes. The values obtained for the standard 
tapes were in satisfactory agreement with the original 
values obtained by the National Physical Laboratory, 
England. 

Investigations are being carried out on the method 
of determining the coefficient of thermal expansion of 
tapes, where the tape is heated by an electric current. 
Determination of the temperature of the tape by 
means of thermocouples was considerably improved 
by the use of nichrome-constantan instead of copper
constantan couples. 

The geodetic base has been 11Scd to calibrate a number 
of tapes of various lengths for other organizations. 

(d) Dividing Engincs.-The use of both the linear 
and circular engines has again been restricted. 
However, work completed on these engines includes 
the graduation of several surveying tapes for the 
Depnrtment of the I nterior, two 40-in. line standards 
(width of graduation lines approximately 0.001 inch), 
and several circular scales· of various types. Many 
rulings were made for the investigation into graticule 
production. 

( e) Gea.rs a.nd. Gear Hob bing E q11,ip1nent.-A 
number of marine turbine gears and gear couplings 
have been examined for the Department of the Navy. 
Experience in this work lias shown the need for 
improved portable meastll'i11g instruments and the 
development of suitable instruments is being m1der
taken. 

(f) Interf ero?netry.-A series of mcrcltl'y and 
krypton isotope lamps have been received and their 
performance is being studied. 

(i) International Calibration.-Four end standards 
25, 50, 75, and 100 mm. in length were calibrated 
and forwarded to the Laboratory by the Inter
national Bureau of Weights and Measures, France, 
for the purpose of an international comparison 
hy interferometry. The Bureau's measurements 
,~ere subsequently reported as agreeing with 
those done at this Laboratory to 0.01 µ, or within 
half a millionth of an inch. As these measurements 
were done with different types of interferometers and 
different light sources the agreement is very satis
factory. The end bars have now been returned to 
this Laboratory for a further calibration to check 
their sta bi1ity. 

(ii) Kosters-N .S .L. Interferometer and Wavelength 
Determina.tions.- Thc interferometer continues to be 
used on a comparison of cadmium, krypton, krypton 
86 isotope, and mercury 198 isotope lamps and their 
suitability as sources of absolute standards of length. 

(iii) One-.1.l1 etre Interferometer.- Progress has been 
made with the mechanical design work and the vacu~m 
chamber is now being made. Experimental tests with 
multilayer dielectric films in F abry-Perot reflection 
interferometry indicate their superiority to silver films. 

(iv1) .Multiple-beam Interference Comparator. -
This comparator wit.h a capacity of 1 m . is nearing 
completion. It will enable highly precise comparison 
of end standards to be made in terms of light waves. 

(v) Interference Microscopy.-.As r eported last 
year, a simple multiple-beam interference microscope 
has been set up permanently and has been used 
extensively during the year on problems of surface 
finish of slip gauges and ball bearings, properties of 
thin films, and optical thickness of anthracene crystals 
1 JJ. thick, and on studies in liquid surface inter
ferometry. 

A compact two-beam interference microscope is 
being developed for routine testing of the surface 
contours and face angles of diamond indenters. 

(vi) Phase Loss Studies.- Tbe contributions that 
the nature of the material of a surface and the surface 
structure make to phase loss at reflection are being 
investigated. An expression has been derived relating 
these factors to each other and experimental verifica
tion is in progress. 

(vii) Liquid S1irface Interferometry. - The 
measurement of surface tension by interferometry has 
been further studied. 

(viii) Aclhesive Films Between Metal Surfaces.
MeasurPments of the contact error arising in wringing 
are being made using multiple-beam interference. 

(ix) Grat1:c11le Production.-Thc preparation of 
graticules by the double evaporation of zinc and 
chromium and of aluminium and chromium has been 
developed successfully. In co-operation with the 
Department of Defence .Production, the Division bas 
also developed a combined evaporation-photographic 
method which is now being used successfully on a 
production scale. 

(x) Effects of Collimation and Oblique Incidence in 
Length Interferometers.-.An investigation of the 
effects of oblique rays involved in the use of interfero
meters for length determinations has been completed. 
These effects are of considerable importance in the 
measurement of long lengths now made possible by 
the use of isotope sources. 

(xi) Wavelength Data ancl Correction T able for 
Interferometry.-Oomprehensive tables of wavelenn-th 
and refractive index data for use in length in~r
ferometry have been completed and are being prepared 
for publication. 

(xii) Multiple-beam Interferomelry Sfodies.-.A 
study was made of the particle tracks in nuclear 
emulsion plates. Shrinkage in photographic emulsions 
and the optical properties of multilayer dielectric films 
h~ve also be~n studied . A technique for measuring 
vibratory displacements by examination of the 
resultant intensity pattern of vibratino· frinn-es under 
multiple-beam conditions has bee~ in~esti,,.ated 
theoretically and experimentally. 

0 

(xiii) Equipment and Facilities.-Equipment for the 
measurement of temperature with a precision of about 
0.001 ° 0., by means of platinum resistance and thermo
couple thermometry, has been assembled and tested. 
Provision has been made £01· rapid check calibration 
of galvanometers and thermocouples. 

A variable gap Fabry-Perot interferometer h as been 
c?mpleted I.or precision vacu11m wavelength determina
tions. 

A travelling microscope for measuring photo,,.raphic 
plates and film has been completed and is now "'in use. 
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(g) Capacitance Displacement .llfeter.-Displace
ment meter type B ltas been completed and has been 
applied to the study of Yibrations in machine1·y, the 
measurement of the seusitivity of vibrating reeds, the 
mcasu_remcn t of force and pressure, and the auto
grapb1c recording of pel'iodic errors in lathes. 
. Tho recorder amplifier has been completed . This 
rnstrument enables the capaci tau cc displacement meters, 
or any other high-impedance source of voltage, to bP 
used in conjunct ion with an ordinary recording roillinm
mctcr. The maximum sensitivity is 100 mV. full 
scale, and a stabi lity superior ·to the rapncitnnre 
displarement meter hns been achieved. 

(h) St11dy of Noise in Rnll Bea1·ings.-Air-borne 
noise from a number of tYpcs of ball bearings hos been 
investigated. A good qu~iity mic:roplrnne was u~ed to 
con,·crt the acoustic output from the bearing into 
an electrical signal. The following equipment was 
dcvclo1icd to enable the electrical signal so obtained to 
be nnnlyscd : (i) a high gnin amplifier with good 
si~nnl : noise ratio; (ii) a tunable selector to isolate 
individual frequency components in the noise spectrum 
studied, i .e., 20-0,000 c/s. ; (iii) n set of .filters to diYinP 
the spcctrnm into three bnncls, 1111 mel?, 20-·1 :i0, 
J 50-1.200, and 1,200-!>,000 c/s. 

This equipment enablc<l the following mcasurenient,
to be carried out : (i) in the ~nmc bearing, compnri~on 
of the noise levels in any two o-f the three bnnclA r,f 
the noise spectrum : (ii) comparison of the noi~e lcn•l:< 
of two bearings; (iii) mea-uremcnt of the frcquenry 
nnd relative amplitude of individual 11oi~r component• 
in the range 20-9,000 c/s. ; (iv) stucl,y of the wan·
forms of the noise output on a c·athode-rny osrillosropc. 

( i) Abrnsives anrl T.c,pping.- Laborator? measu l'i11:~ 
equipment was scrvirecl irnd n number of new piN·<'s 
of equipment complel·cd, including 11 14 by 10 in. 
fully-lapped surface plate, and special slip gauges. 

(j) Phofogrammelry.-The problem of adjustinµ; 
cameras in w11ich tl1c distortion c•m·vc is oc;ymmctric 
has heen studied in conjunction with n firm en~agecl 
in photogrnmmetry who arc making f:liglit tests on 
the c::imerns. · 

(!.-) Meas1wernent of T ,ime Jnf.erral.-(i) Rating 
of lVafches.-Mctliods and equipment for cberking 
stop,vatches have been deYcloped in whicl1 the 
observer's personal equation is eliminated. Intcrv11ls 
are measured 011 an electronic counter opcrnting ot 
1.000 c/s. and the startin,g and stoppin~ of the watrli 
actuates the gating circuit starting and stopping the 
counter. 

(l) .llfeasu?'in_q ancl Consultative Service.-The 
volume of this work bas remained high. Tests were 
made on a wide range of gauges, measmin~ instruments, 
and other equipmen t such as surveying tapes, rin•ular 
scales, grntirult>s, surface finish specimens, and lathes. 
Increased n nm bers of inquiries on prcrision mc:ii:u l'<'
mcn t, interfe1·ometry, and relnted mnttcrs l1avc hrcn 
answered. Lnborator,y measuring equi pment has been 
designed and manufactured. 

3. l.fAss AND AssOCIATED QUANTITIES. 

(Division of :M"etrology.) 
(a) Standards of Mass.-Production of metric 

standards of mass has been continued using electrolytic 
polishing. The method ha~ been found to give satis
factory results in the adjustment of stnndnrd~ aR smnll 
as 10 g. to within 10 parts per J ,000,000. 

Intcrcomparison of ,:everal c:roups of standnrds has 
indicated that the vnlucs of all weights in regular u 0 e 
linvc remained satisfnctorily constant. 

A balance of 1 kg. capacity was constructed. with 
menus for mechanically interchanging the loads on 
the pans without opening the balance case. 

(a.) l nvestigat1:ons on B alances.-Tbe 200-g. balance 
used for mass standards work has been fitted with a 
modified design of stirrups and synthetic sapphire 
stinup plnnes, aud hos siuce performed satisfactorily. 

The increasing use of analytical balances with 
automatic: ,\·eight-loading mechanisms has led to an 
iu vestigation of tl1e possibility of standardizing the 
weights in sucl1 b:ilnnrcs to a satisfactory ol'der of 
3C(•uracy witbout removing them from the balance. 
.\ sa tisfactory proC'cdurc has been deYeloped for one 
li:i lance of this type. 

(c ) Density Jleasuremenl.-Tbe main project in 
this field, on changes occuning in the density of 
strained metal ~peci111cus on annealing, n-as studied 
for the Division of Tribophy.sics. ::.\fcasurements were 
n1nde on five specimens, th1·cc of nic·kel and two of 
copper, ancl density (•hangC's of 0.00015 g./ ml. we1·e 
readily detectable. 

The bnsic equipment for donsi.ty measurement has 
horn i_mprov~d by the proviqion of a new control panel 
ancl r1rculnt1ng pum1i. 

4. APl'LlEn :'.\fisc HA:S-TCS. 

(Division o[ :Metrology.) 
Close Jin ison !mi, been maintained with the en~ineer

i ng industry i11 N rw South Wales the better to identify 
iurlmtrial problems, :ind lwnce to shnpc the struc:tur'e 
of ~ngineering resrarrb programmes. Industry is 
lunung inc·rc•asingly towards t!.e Division for advice 
an,l assistauce. _\\-ailal.ile stulT was <'Oncentrated upon 
routine col ibratiou of testinµ; marhines, for which 
dc111unds hn,·e been strndil.v inrreasing. Experience 
has pointed _lo the llN:d for extPncling the range of 
pronng cqu 1pment and also for the p1·ovision of 
fa cilities for dead-weight ealibrntion of proving devires 
to mert th1: Divi~ion's statutory c•oU1mitmcnts. Fr:iturrs 
of the y<'a r's \,·ork were: assi::tanc·r gi,·cn to tl,e 
trlecommunicntions industry iu Xcw Soutl1 , ', i :1 
e11gineeri11g design anal.vsis; actiYe purtiripation in 
l,hc procecdinJ?s of the Int el'llational Institution for 
P1·oductiou . E11~ine~1·inir . Re~t>areh in F.lU'ope; and 
work on v1hrat1on 1solat1on and clynnmir balnncing. 

. (a) .l/~1('!1i11ing.-The nuc·lc·us of rquipmeut requirPd 
101· rua<·l1111111/.!: re~ea1·t•h has ht•c•n installNI, and includes 
nn 8 hor:,f -power high-sperd lnthe suitable for carbide 
t.11rning, und grinding antl lnppin" machines for re
r1111r\i1ioJJing both hig-li:spect! "!eel "'and carbide-tipped 
c11ttwg tool.;. Terhmqucs de,·eloped in vibration 
r~sear:h wort> succl',sfull,v applied to improdug the 
n hrat1011 cha riwtrristics of the> lathe. 

T':'O 1·e,·iew papers were presented at the annual 
m<'etmg of the Institu~ion for Production Engineering 
Researc~ at Aarhen, Germany, in April 195+. One 
d<>nlt \\·1th o\·erseas drvelopments in surface finish 
cspeeia lly the influrn<"1• of fini~h on fmwtion, and th~ 
fn~t_ors affcrtin:r fini<:h in mac·hinin~ ; the other was a 
rnt1cal cx11minalion of prntl11C'ti011 enn-ineerin" research 
in 'Enro r)e. Cir<"al Til'i111in, :ind the '"cnited States of 
.\ merica. 

The valiclit,v of the Srhh•qi11!!'CI' Index for macbin
ohilit-': is ht>inir inn•~ti~l'lcrl. Thi~ test aims at giviug 
1111 est1m11te of <·Xpt>rlt•d tool lifC' unrlrr n-ivcn conditions 
with a p:ntirular rnotrrial. a11d r1111 be 1~ade simply and 
qnirkl:v on 11 [!'OOd ]athe in t]IC' awrngr worhhop· with 
little spcriafo:rd Pq11ipmmt. 

1fcthods for mensurim~ thr ~harpne~s of cutting tools 
Rrr beiug rlc,·rloped . to ~tudJ tlw C'ffoct of sha rpne~s on 
thr cnttinr. propertic•~ of thP tool::. Several optical and 
m<>rhanirn I rn<'thorls for dPtcrmi!1in~ the rontNir of the 
rutting edl?e ha,e b<>rn rxplor('d. 

A patented method of 8111'farr nni~bing. rcfoned to 
the Di,-ision fo r inrrsti/!ation. has been cxaminecl in 
principle and c:ompnreJ analytically with the ,vell
known supcdinishin~ proccs~. An expPriment111 bead 
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has been built to comparn the rcwlts obtained in p rac
tice with tho two methods. 

( b) Eng·i ncei-£ng Des-iyn A nulysi.~.-Officers of the 
Division last year took a ll'adi11g part in the activities 
of n 1Vorki.11g Group established by tho Sydney Sectioll 
of the Instituti<m of Production Engineers to analyse 
design aud drawing practicrs in 5 cw South Wales. 
Technique.:; J•rc,·iuusly developed by the Di,·ision, iu
r· lu<.ling the" de:;ign problem" technique for condnctini 
the analysis, were, atlovtod and applied . The report on 
tl,is analysis has been publishC'd in thn April 1934 
P roceerlings of the Institutio11 of Production E nginoen, 
London. 

L\. Sydney telrconmrn11ic:at.ioas .fil'lll desiring to npp l_y 
t.ho modern i,nicti<:e;, of enginceriug design analysis 
later- 1·equested the hel p of the Division. It was decided 
that a course on the now principles should be offered 
to the Sydney £inns in the tclccomm.unications indus
try; by giYiug selected designers and engineer s a con
eentrated cour~e of study in the application of such 
principles, the d iS$f'J11i11:1tion of up-to-date information 
on engiucering design analysis would be acceleratecl. 

The trend to1rn 1·ds i'tri<:tcr co11trol over t he fu nction
ing pr rfo1·manr·P of proclncts deinorn,tra tes the need for 
a bettei· assessment in design of the tolcl'lrncos permis
sible from the funct.io11u1g- viewpoint, and at the snu11:! 
time prnrides mot'c f!ccurntc lrnowle<lgc of the 
"natul'al" tolei-arn·cs attain11b'lc by machi ne tools and 
production pl'Occsses. Te(·hniques are now being 
developed for dete rmining the natural tolerances and 
frr::<]ucnc., clist,rihu tions corresponding to operations on 
machine took Tc,;ls hHe been inade on the automatic 
srrew rnac•l1inc of 11 Syd11cy fi rm ,Ybo have co-operated 
in this rernarch. 

(c) 11ibralion hola/i.nn.-The pr inciples a.nd prac
tice of vibration a11d shor·k isolation ha\•e been investi
gated, following continued demands for assistauce in 
solving Yi brntion tl'ou blcs. A suncy of the avail able 
information hns been completed, and experimental work 
has been done to cl,rrk somC' of tlte published data.. 

.\ssistnnce has born gi\'l'n to industrial and other 
iuquirm·s in sol ving problems iurohiug the mounting of 
galvanometers, ha lances, and optical equipweu t, 
in selecting suitable locations for semitive eq11ipincnt, 
1111d i1l ideut.if_ying aml isPlntin~ somees of vib ration. 
A special type of vibration-isol ating ta blc for galvano
meters has been clesignecl for gcnel'al use i11 the 
Laboratory. 

( d) Vibration 111 easimmicnt.- W ork has continued 
on the development of vibratio11 measur ing facilities for 
use in the analysis of vibration problems i.n industry 
nnd within _the Laboratory. Main at.tention has been 
given to capaci ty type vibl'ation transducers. Further 
useful experiellces 1as bel'JI obtainer] in the use of the 
t.wo expcl'imentnl tnrnsduc•crs refcri-ed to in the last 
Repor t. 

Tho characte1·isti(•s of t·a pRcitive trn nsducers cm ploy
ing a va riable :.ifr gap for vibrntion and other measure
ments have brf!n fmther evaluated fo r si,usiti,ity all(l 
cnors. Prcli 111innr_y 1rork has liecn done on developing 
a new form of capacity Yihration transchircr using 
vnriable ar e11, which offe r,; certnin advRn tages over the 
rnr iaMe gnp type. 

( <J ) D_ynamir· Balrmcing.-°},fauy demands were re
ceived from indnstr.v for the dy1rnmic ba lanriug of 
rotors, discs, an<l other componen ts and for ad vice on 
1n Inuring procedure. 

. \ u important improvement evoh,ed in dynnmir 
h,1lancing technique should Pnahle dynamic balancing 
to be done with g reat.er preeision natl considerable 
saving in time because of tho fewer rnns of the rot.or 
required . 

A new demand from industrial sources is for the 
verification of dynamic balancing machines used fot' 
balanci11g turbine rotors and other large compom>nts. 
The l;asic 1·equirements are being examined and exami
na tio11 of the mneh i110 ha~ commenced . 

(!) Yibrom.eter Cr:libi-alion.-.'\.. serious deficieney 
in the facilities for vi bration \\"Ork is tho lack of ade
quate mealls for calibrnting vibrometcrs. Present needs 
are being partly met by improvisation. Suitable driv
ing equipment has been ordered, and this ,1·ill be incor
porated into n vibrometer calibrater, designed as a 
pernrnuent installation. 

(g) lll ermirement of Physical Q11anlities for I ndti-•
try.-( i) Force.-To meet requests £or the examination 
of testing machines, steps are being taken to equip the 
Division with an adequate range of prov ing instruments 
which will ultimately enable the largest testing 
machines installed to be calibrated. To provide for 
calibrating the proving instn1mcnts themselves, con
siderat ion is being given to acquiring 50-ton and 5-ton 
drad-weight testing macltincs. 

( ii) Press11.re.-!i. numerical method has beell 
developed for calculating the effective hydraulic area 
of a dead-weight pressure gauge tester, taking into 
account variations in diameter r evealed by precise 
measurement of the plunger and cylinder. 

( i ii) Ifai·dness.-The device developed for verifying 
Rockwell hardness machine depth indicators in situ 
has proved successful and methods have been furthe.
devcloped for the complete verification of hRrdness test,
ing machines of the Vickers aJ1d Rock\\'cll types. 

The 150-kg. proviug levers have 1Jeen modified so 
that when useJ in measuring indentel' loads of 'hardness 
trsting machines the operating conditions appi-oxi
nta te ,·ery closely to those in :rn actual lia.rdness test . 
Tbr diapl1ragm type of indenter load-mea•uriug device, 
employing a capacitance change principle, has also been 
fnl'ther developed. 

Construction and installation are com1)letc on an 
N .P .L. precision dead-weight hardness testing mnchine 
designed for cal ibrating the h1mluess test blocks used 
for checking the overall performance of Vickers and 
Rocbvell hardness testing mach ines. Some modifica
t-ions arc being made to thi.s maoh.iue. 

(h) Verification of MatP.rials Tesling Machines and 
Other Equ.ipment for lnduslry.-The demand for 
examination of materials testing machines iu New 
South Wales and Queensland has increased over the 
last few years and this woi·k, together with the exami
nation of engineering instn1monts and equ"ipmcnt, has 
occupied a cousidera hle portion of the time of officers of 
the Division. 

(i) Vibrating Reed lndicat01·.-In this type of indi
cator, as found on proving rings, a vibrating reed is 
used for detrr mining a reference position fol' a micr o
meter scr ew. The 1·efcrence position is indicated when 
the tip o f the micr ometei· screw just interfrres with 
the vibration of the recd. A metl1od has bern de,·cloped 
for determining the sensitid ty of one of these indicators. 

(j) Spanner Torqite and B olt Ten,·-ion.-Inquiries 
have been received for information on the relationship 
between tho torque :ipplied to a nut and the resulting 
tension in the bolt. _\ surve_y of available information 
is being p r epal'ed. 

(le) Informat•ion and Ass·istance to Inrl.11s!1-y and 
Of.her Organizctlions.- Information has been giYen on 
fl wide range of engin.eering problems relating to tho 
mcnsm:ement of force, pressnre, torque. h ardness, strain 
vibration, and friction, engineering design bal ancing' 
limits and fit, tolerances, surface finish, a~d drawi11~ 
practice. In nddition many special tests have bee~ 
undertaken for industry. 
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XXV. PHYSICS. 

1. GENERAL. 

The Organization is engaging in manJ:' ~~pects of 
physical research within a 1mm?er of D 1v1s10:1s and 
Sections. The present Chapter 1s concerned with tlte 
work of the Division of Physics, which forms part of 
the National Standards Laboratory. 

Division of Physics.- The Division is responsible 
for : maintaining the Commonwealth standards of 
measurement in heat, light, viscosity, and rfelated_ fitelds, 
and the primary electrical standards o _res1s a1:ce 
and voltage; testing and calibrating measmmg equip
ment for industry, government departments, and 
scientific laboratories in terms of the Commonwealth 
standards; carrying 011 physical . _resear?h, b~th 
fundamental and applied; advismg mdustnal 
organizations and scientific laboratories generally on 
p recision measurements and_ oth_er mat_ters. 

Close liaison has been mamtamcd w1th the Interna
tional Bureau of Weights and :Measures '.m e~ t~e 
National Physical Laboratory of Great Br1tam i_n 
r e..,.ard to photometric electrical, and therrnometnc 
st;ndards. Considerable progress· has been made in 
settino- up standards of viscosity and in methods of 
meas1~rement, particularly to meet the needs of the 
petroleum industry. . 

Of the various researches completed durmg the year 
special mention should be made of an inve?tigat~on of 
rapid methods for !he m~asureroent of soi~ mmsture, 
required in connexion wi,th the construct1?n of the 
Adaminaby ear th dam for the Snowy Mom1tams Hydro
electric 1\.uthority, and the . develop~~nt of a n_ew 
absolute method of very lugh prec_lS7on and wide 
applicability for measuring the hum1d1ty of gaseous 
atmospheres. . .. 

As in past years officers of the D1v1s1on have 
contributed to the work of several governmental and 
semi-governmental committees. 

2. HEAT. 

(Di vision of Physics.) 
The main fields of work during the year were 

temperature measurement, hygrometry, moisture 
content measurement viscometry, and low-temperature 
physics. ·work on 'phase nucleation was suspended 
owing to more p ress ing needs. . . . 

Much assistance has been g1ven to scrnnt1fic and 
industrial estabiishments by calibrating equipment, 
advising on special problems, designing instruments, 
and training personnel. 

(ct) Measurement ancl Gont~ol of T emperal11re.- To 
increase the precision of mamtcnance of the Inter
natio1rn 1 Temperature Scale new apparatus has been 
constrneted for the primary fixed points defined bJ_' ~lie 
boiling points of water a1;i.d ~ul phur, and a precmon 
manometer is under construction for the measurement 
of the controlled pressures at ,~hich boiling ?ccurs. 
Ri<Th gain amplifiers for use with a new res1stanrc 
brido-e and thermocouple potentiometer have been 
deYelopecl. Equipment ~nder construction includes a 
resistance thermometer rntercomparator, an assembly 
for tlie completely automatic calibration of th_ermo
couples, and resistance thern_iometers of new des1p;n. 

Investigations are proc~ecl~ng on a numb~r of ~xecl
point rells which will, 1t _1s hoped_, provide higl1ly 
reproducible temperatures rntcrme~rnte between the 
primary fixed points on tl1e International T emperntm e 
Scale and therefore suitable for international tests of 
the accuracy of realizatio'.1 of this S~ale. 

I n preparation for an rntercompanson of the tem
perature scale~ above 1,063° 0. maintained at t~e 
National Physical Laboratory, England, and at tlus 
Laboratory a recalibration of the sub-standards of 
temperntur~ measurement in t.his range is in progress. 

The setting up of a temperature scale between 20° 
and 90° K ., in accordance with a proposed extension 
of the International Temperature Scale, and the 
provision of facilities for calibrating temperature
measuring equipment down to 20° K . is now well 
advanced. 

( b) H ygrometry.-Hygrometry is of such industrial 
importance that particular interest attaches to any 
new development in this field. ./J. new method for the 
measurement and control of humidity which will, it is 
believed, have a wide range of usefulness, has been 
devised. The detecting element is a small ionic crystal. 
If such a crystal is exposed to an atmosphere in 
which the vapour pressure exceeds that of a saturated 
solution of the salt, water wi11 condense on the 
surface of the crystal, forming initially a thin film 
of saturated salt. solution. The temperature at which 
the :film rem1>ins in equ ilibrium with the atmosphere, 
as illdica ted by the constancy of its electrical resistance, 
provides an accurate measure of the absolute humidity 
of the atmosphere. This temperature can be readily 
determined to 0.01 ° C. The method lends itself to 
automatic operation and, providing a suitable crystal 
is selected, may be used in a wide 11ariety of conditions. 
It also provides an accurate method for determining 
the vapour pressures of saturated solutions of ionic 
solids as a function of temperature and such measure
ments have already been commenced. 

T echniques for the calibration of high pressure 
frost-point hygrometers ha,e been devised and further 
work done on an automatic dew-point hygrometer of 
very short response time. 

(c) J1loisfnre Content and Density of Soils.-Methods 
suitable for field use in connexion with the erection 
of consolidated earth structures have been de,eloped 
for the rapid detenn i.uation of soil moisture. Field 
investigations conduetcd in collaboration ,vith the New 
South Wales Department of Public Works at the 
Adaminaby dam site confirmed the laboratory finding 
that eac 11 of the three methods investigated was capable 
of an accuracy of +0.5 per cent. moisture content and 
required 5-10 min. per measurement. It was found 
that the methods depending on the rapid drying of the 
soil and ou the reaction of t l1e soil moisture with 
calcium carbide were more suited to field use than 
that in which soil density is determined; the :first two 
mrthods have now been applied to selected construction 
projects. 

In rolled earth construction the measurement of soil 
density is also important. Preliminary tests on the 
absorption of gamma rays indicate that an instrument 
designed to measure soil density on this principle 
should be capable of higher acct11'acy and be much 
speedier than the methods at present employed. 

(d) Tfiscometry.- To meet the recent increase in the 
quantity and accuracy of viscometric work requested 
by industry, improved facilities for the precise 
me::isnrf1lnent. of visnosities and for examinino- the 
visC'ot~s b_ehaviour of liquids are bein1; set up~ An 
exammat10n of the accuracy implied in some visco
metric spc~ifi cations in the petroleum industry indicates 
that a r eview of these specifications is desirable. 

( e) Pr_ecipitation.-The analysis has been completed 
of expernnental results on the sublimation of solid 
carbon dioxide in supercooled fogs and the resulting 
production of ice crystals. The findings are of 
r elevance to the pl'Ocess of the artificial production of 
rain and are discussed in more detail in Chapter 
XXVIIT., Section 8. 

(!) Low-tempera.lure Physics, 1'hcorefical R esearch. 
-In tl1e theoretir al and e:;pr1·imental invest io-ation of 
the physical properties of substances at ;ery l ow 
temperatures particular attention has been given to the 
thermal and electrical conductivities of solids and 
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related phenomena. Theoretical work has included 
the following :- ( 1) The heat transport equation for 
pure metals has been solved uunrnrically. (2) The 
crystal lattice component of the thermal conductivity 
of metals a11d alloys has been eval uated in terms o'f 
other physical quantities. (3) From the results 
derived in (2) the form of the coupling betwce11 
electrons and crystal lattice waves has been deduced 
for a group of substitutional alloys studied experi
mentally. ( 4) A study bas been made of the theorie::. 
of the thermal conductivities of metal in the electrically 
superconducting and intermediate states. (5) From an 
analysis of data on the conduction properties of 
monovalent metals new details of their basic structure 
have been deduced. ( 6) It has been shown that the 
thermoelectric properties of metals and alloys should 
be signi:ficantly affected by the heat conducted by the 
crystal lattice. (7!) The theoretical connexion between 
the thermal expansion and the t hermal conductivity 
of non-metals at low tern peratures i~ being studied. 

The above theoretical studies are of importance in 
the planning and interpretation of tl,e expcrimenhtl 
work at low temperatures. 

(g) Low - temperature Physics, Experimental 
Research.-(i) Low-temperature facilities. - The 
facilities for low-tern perature research have been 
greatly improved by making liquid helium continuously 
available for experimental work, the helium liquefier 
being operated as required to replenish the supply. 
The liquefaction rate has been increased and main
tenance time reduced and, to effect economics in the 
large quantities of liquid oxygen and nitrogen required 
for low-tern perature work, a liquid air rect ification 
column is under constrnction. 

The present lower temperature limit of the equipment 
is about 1 ° K . Lower temperatures are necessary for 
many investigations and these are u sually obtained by 
the magnetic cooling method. A_g facilities for measme
ments in magnetic fields are also required a magnet 
suitable for both these purposes is under construction. 

(ii) Thermal and Electrical Ooncli1ctivities.-To 
study the transport of heat by crystal lattice vibra
tions, and to obtain information about the basic 
structure of pure silver, measurements have been made 
on the thermal and electrical conductivities of a series 
of binary alloys of silver with palladium and cadmium. 

A new cryostat is being constructed for the study 
of the thermal conductivity of electl'ical supercon
ductors. S imultaneous measurements on the same 
speeimen will be made of the thermal and electrical 
conductivities in the presence of a transverse or 
longitudinal magnetic field. 

(iii) Temperature Jl1easurement.-Equipment has 
been set up for the realization of a reproducible 
temperature scale from 2° to 90° K . It combines 
hydrogen and oxygen vapour pressure thermometers 
and a helium gas thermometer in an i sothel'mal 
enclosure and will be used initially for the calibration 
of resistance thermometers for calorimetric measure
ments on some of the metals whose thermal conduc
tivities ],ave already been determined . 

3. LlOHT. 

(Division of Physics.) 

(a) Photometry.-(i) Photornetric Standards.
The international adoption of the black body standard 
for luminous intensi ty in 19,J:8, together with an agreed 
spectral luminosity function, enables photometric 
standards to be established anywhere ab inilio, but for 
the present the Laboratory will use incandescent lamps 
as standards. Lamps calibrated by the Bureau Inter
national des Poid~ et Mesures have now been secured 
and will serve in future as the Laboratory's reference 
s.tandards. 

(ii) Seasoning of Tungsten Filament Lamps.
Using a colour-temper ature comparator developed in 
the Division_, the seasoning process of tu11gsten filament 
lamp stal1(1:.nds has been examined and shown to be one 
of sirnple recrystallizat ion of the tungsten filament, 
durinp; which the rc-sistance decreases, as expected. and 
there is a decrease in emissivity of 10 per cent. or more 
at all waYclengths. The investigation also showed that 
standard lamps can be aged at much lower tempera
tures than those at which -tl10y are intended to operate, 
with elim.iJ1ation of blackening and conservation of life. 

(iii) Precision Photorneter.-ln the past two or 
three years considerable improvement in the accuracy 
of photometers has been achieved in the Laboratory by 
using photoelectric cells as detector;; of inequality 
rather than as measuring devices. Thus a colour
temperature comparator, referred to in ( ii), is now in 
routine use for photometric 1ench measurements. 
J\.notlrnr precision photometer involving the polariza
tion of the light has been developed. 

(iv) Iletc1·oclwornatic Photornetry.-Thc problem of 
obtaining a detector having overall spectral sensitivi
ties identical with the standard luminosity function of 
the eye h:is never been completely solved, and hence 
where possible the Laboratory has used spectrophoto
metric methods for measuring photometric quantities. 
To improve methods of heterocbromatic photometry 
the Laboratory's r ecording spectrophotometer is being 
adapted for the measurement of spectral energy dis
tribution of light sources. This work is preliminary 
to the establishment of improved standards for the 
photometry of fluorescent l amps. 

(v) Retroreflectors.-To meet the needs of manu
facturers and to assist road authorities the Laboratory 
ltas investigated the optical properties of retroreflectors, 
their design and testing, and the requirements for their 
use on warning devices and road signs. The optical 
principles of these devices a re somewhat complicated 
and the results of the analysis should be of considerable 
assistance to manufacturers. Some of the results of 
this work have been incorporated in a specification of 
the Standards Association of Australia on retl-o
rcflcctors and retroreflecting materials. 

(vi) 0 ptical Properties of Diffiis-ing .Af edia.-The 
optical properties of diffusing materials have never 
been adequ:itely studied theoretically although much of 
the l arge amount of theoretical work relating to the 
diffusion of radiation through solar or stellar atmos
pheres is applicable to the problem. A study of the 
phenomenon is i11 progress and the results may have a 
num ber of industrial applications. This work has 
alre:idy led to an improved method for the quantitatiYe 
measul'emcnt of cytochrome in various bacterial sus
pensions. 

( b) Optics.-(i) Reflecting- Jl[icroscopes.-The study 
of reflecting microscope designs has been e..-..:tended from 
objectives with two or three spherical mirrors to objec
tives with four. It has been shown that only a very 
few types of four-mi..i·ror objective are possible and that 
whil~ no . improvement in numerical aperture is 
ob~arn_ed, llllproved c?ntrast should res~lt. A typical 
ob,1ectlve has been designed for constrnct1on and testin°· 
which should be simpler to produce than a three-mirro; 
model. 

(ii) Definition in Opl·ical InstrU1nenf-s.-Progress 
has been made in the development of eq11iprnent for the 
measurement of image clefiuition ju telescopes and 
microscopes. The method involves the measurement of 
image contrast with an object having a line pattern 
with a sinusoidal variation in luminance. 

(iii) Choice of Glass for Oernented Doublets.-Small 
telescope objectives and also those for low power micro
scopes are most conveniently made as cemented doublets 
of two different types of optical glass. S ince it is not 
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1Jossiblc to correct the aberrations adequately for any 
arbitrarily .cho:;en pair of ghsses, it is desirable to be 
able to choose a suitable pair at the start of the design. 
Methods for selecting optimum combinations are well 
known for tLiu telc.;;cope lenses of low aperture; but 
have now been developed for any a1Jerture, magnifica
liou, aud residual aberration. It h:is been shown tliat 
t.he same pair of glasses is suitable for fully corr1::ctcd 
telescope objectives of all apertures, and that a few 
additional glasses su:ffice for microscope objectircs of a 
large range of magnifieations. 

(iv) Jlleleoric Dnst in the _1tmosphere.-The studies 
of the diffusion of light already mentioned have also 
been directed to the problem of detecting meteoric dusl 
iu the upper a t mospLere (see Chapter XXVIII., Sec
tiou 9 (d) ) . Certain small changes in the inteusity of 
solar radiation have been interpreted elsewhere as due 
to meteoric dust. An a11alysis of the results stroJJgly 
suggests tLat the weteorie dust particles becorne miclci 
for the formation of ice crystals at a height of about 
SO kilometres. The concentration and size of the 
e;ryst'.lls fort.lier suggests that they constitute J1octilucent. 
clouds such as are also kuown to be associated witL 
meteor showers ( see Chapter XXVUL, Section 9 ( d)) . 

(c) SolCLr Phys£cs.-An account of the Division's 
work in solar physics will be found under Extra
tenestria l Physics, Chapter XXI X ., Section 2. 

XXVI. E LECTROTECHNOLOGY . 

1. G ENERAL. 

hluch electrical work, par ticularly in electronics, is 
undertaken in Divisions and Sections as an integral 
part of research in other fields of investigation, but 
the Organization's research on electrical measurements 
and standards and on electrotechnology is carried out 
within the Division of E lectrotechnology, which is par t 
of the National Standards Laboratory ( see Chapte1· 
XXIIL) . 

The Organization also collaborates with the Elec
tricity Supply Association of Australia in encouraging 
electr ical researc.:h within the Universities through its 
Electrical R esearc.:h Board ( see Section 9 of this 
Chapter). 

Div1:S'ion of Eleclrolechnology .-The Division is 
responsible for the maintenanre of the Commonwealth 
standards of measurement of electrical quantities other 
than the primary electrical standards-the volt and 
the ohm. I t mainta ins the Commonwealth standard 
of measurement of frequency in conjunction with the 
Commonwealth Observatory, Mt. S tromlo, and other 
standards derived from frequency, resistani;e, and 
electro-motive force. The Division undertakes electrical 
and magnetic measurements on materials, and the 
calibration of instruments and equipment such as 
resistors, bridges, potentiometers, capacitors, inductors, 
indicating instruments, instrument transformers, 
signal generators, wavemeters, and fiuxmeters . 
Research is being continued to improvr and extend 
the electl'ical measming and standards facilities, and 
on the dielectric proper ties of insulating materials and 
the microwave spectra of gases. 

2. D IRECT C URRENT. 

(Division of Electrotechnology.) 

The special resistor for building up from 1 to 100 
ohms h as been completed and tested. It consists of 
eleven 10-ohm resistors permanently connected in 
series with provision for connecting grou ps of resistors 
in parallel or series-parellel. B y substitution 111 a 
Wheatstone bridge the values of the r esistors may be 
determiued in terms of the 1-ohm national standard of 
resistance and then used in the calibration of 10- and 

100-ohm standard resistors. The build-up resistor 
can also be used as a pair of bridge ratio arms with 
a nominal ratio of 10 : 1 that can be established 
accurately by substitution mcasuremcuts. Tests have 
shown that the build-up resistor can be used for the 
interc.:omparison of 10- and 100-ohm resistors with a 
1-ohm resistor to an accuracy of a few parts in 107

• 

To extend this technique to the calibration of 1,000-
and 10,000-obm resistors a build-up resistor with 1,000-
ohrn coils is being dcYeloped. Experimental coils of a 
type originally developed at the National Physical 
Laboratory have been constructed. Tests over several 
months have shown that the resistance 0£ these coils 
is very stable, the initial drift being about 1 part in 106 

per mouth. These tests will be continued to determine 
the long-term stability of the coils. The coils have 
been wom1d with constantan wire, which is considered 
to be more corrosion-resistant than the more usual 
mangruiin. 

3. Powm.i. FREQUENCY. 

(Division of Electrotechnology.) 

(a) Voltage Transformer Testing Sct.-In modern 
commercial }Jrac:tice, vo1tage transformers are cali
brated by compar ison with standard transformers using 
a " testing set". Profiting from the experience gained 
in calibrating a number of testing sets, the Division 
has developed a portable testing set with some 11ew 
features which make i t very convenient and accurate 
to use. 

(b) Low Frequency Tuned A. 1nplifiers.-Bridge 
methods of electrical measurement have wide applica
tion but can be restricted both in the type of bridge 
and the range of measuremellt unless a sensitive detector 
is used . In the past, limitations h ave been imposed 
by the lack of sensitivity of the vibration galvanometer 
normally used as the detector . This limitation has 
been removed to a large extent by the development 
within the Division of a number of tuned elecronic 
detector-amplifiers wi1,h power sensitivities approxi
mately one m ilJion time~ greater than those of the 
best vibration galrn11ometers. _,-\ variety of input 
transformers enables the amplifiers to be used efficiently 
with a wide range of bridge impedances. 

(c) Ionizal-io,~ -in Small Power Transformers.-It 
has been found that small air-coo1ed power trans
formers often fail in service because their operating 
voltage is above the ionization onset voltage of the 
insulation, thus causing rapid deterioration. It has 
been sl1own that an effective solutiOJl of the problem 
is to sepa rate the insulation into layers by means of 
metal foils and thus considerably increase the ioniza
t ion onset voltage for a given overall thickness of 
insulation. 

(cu) Miscellaneous Inslru.menls. - Miscellaneous 
items of new equipment developed during the year 
include a 3 kW., 150 c/s. harmonic generator operated 
from the 50 c/s. mains, a peak-reading voltmeter with 
a long time constant, aud a compact 10,000 pF 
3-t.erminal sealed n itrogen-filled capacitor. 

11. Auoro AND R,wro :E'REQUENOY. 

(Division of Electrotechnology.) 

(a) Stable Gapacitors.-Tlie day-to-clay stability of 
the best fu:ed air capacitors of conventional desig11, 
when maintained m1der laboratory conditions and 
corrected to a fixed reference temperature, is seldom 
better than a few parts in 103 and under unfavourable 
atmospheric conditions may be worse than 1 in 1oc1.. 
This is in marked contrnst with the behaviour of the 
best resistance and inductance standards where a 
stability of a bout 1 in 106 is to be expected under the 
same conditions. The inferior performance of 
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capacitors is found to aris~ from a n~m?er of con
tributory c(luses, most ~f which c~n be et1m1~ated _or ~t 
least controlled by smtable design . Se~e1 al ~xper1-
mental capacitors have been ~oust.ructcd 111 which all 
r ednu<laut mechanical constramts have been rem~ved 
from the electrode structure. 'l'l1e dielect!·ic m~dmm 
has been stabilized by sealing the cap~c~tors m 1111 

atmosphere of dry niLrogcn. ~'he rel_at1:vc val ues ?f 
two such capacitors ha,e remained within 1 part m 
1QG of each other for a year. 

(b) An Absolnte Stand~rd of ~·npacilance.-Vari?us 
possible forms of c:ip~c1tor sU1table for calculnt1on 
from precise metrologtcal measurements have been 
considered. D etailed in ,·estiga tions of the effects of 
small mechan ica 1 depa 1·tnres from geometrical perfec
tion have been made by the use of models with 
exaggerated errors. 

(c) Impedance .Measuremenls.-Tbc determination 
of tho ohm based on the calculation of capacitance 
in,oh·es tho us0 of an alternating cul'rent bridge 
method to measure resistance in tC'rms of capacitaucc 
and frequency. To compare the value of resi:.tance 
so obtained with direct current standards it is necessal'y 
to ha \'C a transfer resistor whose altel'llating cunent 
and direct current resistances are the same or for 
which the difference can be calculnted. Two 4-terminal 
100-ohm resistors have been constructed for which the 
transfer error should be less than 1 in 107 for frequencies 
up to 1,000 c/s. 

Considerable progress has been made in the design 
of small 3-tcnuinal capncitors and the eq11i pment for 
their precise measurement. Switched decade dials aro 
preferred for meP.st11-i11g cquipm0nt and arc obtained 
by switching a su1glc capaciror per dial to different 
taps on a special ratio transformer. Tho same 
principle has been used in the co11strnctio11 of a 
3-terminal capacitor which has six decade dials, a 
total capacitance of 1 pF, and n subdivision of 1,~pF. 

( d) J1'requency 111 casu.remenl. - The electronic 
cii·cuits of tlte oscillators comprising tho national 
standard of froqueucy h:i,·o been improYed to the 
extent that the majo1· reruaining limitation on 
performance is the stability of the quartz cryst·als 
themscl\'cs. A !'pecial oscillator ci rcuit has been 
den~loped to limit the crystal current to n very low 
stable ,,nlue nnd a special oven control cil'c·uit has been 
developed to maintain tho <:l'ystal temperature constant 
and independent of amhieut Yariations. 

I n the range aboYc 100 \I:c/s., frequcnry measuring 
equipment bas been <lc\'cloped for all fi·<•()ttcncics fol' 
whit h waveguide equipn1mt is avnilable. 

( e) N oi.se GPneralor.~.- Funrln mental i1iYestigations 
have bceu continue-cl 11?1 uc,i~c gP11cralors, ,,·bicb nrc 
used :.1 t high r:tdio (rP'}nencies fol' determining the 
absolute sensitivity of J':Jdio 1·rcei\'rrs. Equipment hns 
been <'ornpletcd for ralibratu1g noise generators in 
terms of the noise powel' output from a black-body 
rndiotor of low, buL k110,Y11, tmifornt tcmperntt11·e. 
This equipnwut has brcn u.,ctl for calibrating a high 
intensity substandard noise generator using an nrgon
filled d isebargo tube. 

(f) Nicrow(lt'C Sp1:clroscopy.-Num0rous tests on 
well-known spectra ban• cstabli,hed that the sensitiYity 
and rcsoh·ing powe1· of the Di,·ision's spectroscope are 
now comparable "·itl1 the best results l'eportecl by other 
worker~. During tbrso tests nrw features of the 
microwave spectra of carbonyl sulphide and of sulphur 
dioxide have been obsen-od, and are being examined 
further. A preliminary examination of tho spectrum 
of phenol has been maclc. Additional rleYelopmen tnl 
work is being carried out on the spectroscope to 
impr oYe the instrumentation, and broaden the available 
frequenry range of operation iii order to examine n 
wider class of spectra. 

(g;) Millimetre Wavclenglhs.-.1.pparatus for the 
generation and detection of radio energy at wave
lengths between 6 and 7 mm. has been put into opera
tion, in addition to that at nbout 8 mm. reported 
previously. 

5. 11AG~.J::1'1C ::llEASGUK\IE~'fS. 

(Division of Electrotechnology.) 
There has been a considel'able increase in the 

demand for magnetic tests on materials and this bas 
been met with the aid of new measuring instruments 
and techniques described in pre...-ious reports. The 
development of a medium field strength meter (1-3,000 
oersteds) has reached an ad.anced stage. 

G. DIBLEC'fl!IC I NVESTlOA'flONS. 

(Division of Electrotechnology.) 
Work on the relationship between the chemical and 

physical structure of pure compoun~ls and their 
dielectric properties bas continued. While the bulk of 
the work has been with organic compounds the 
properties of some inorganic compounds of a complex 
nature are being examined in collaboration with the 
Division of Industrial Chemistry. 

(a) Theoretical lT' ork.- Theoretical investigation 
of dielectric breakdown is continuing. A greater 
understanding of the physical picture of the breakdown 
of ionic crystals has resulted from rc~ent work on the 
stability of electronic currents at h igh :field strengths 
in such substances. It is believed that the ideas 
<leYeloped inny be applicable to other solid dielectrics, 
and even to liquids. Ilowover, the exact. mechanism of 
a,·alanche formation and decay is not yet fully 
understood. 

Tho influence of electrode material as a factor 
determiniug the apparent breakdown strength of a 
solid or liquid bas also been inYestigated. This topic 
seems to be of some importance for non-polar liquids 
(such as transformer oil) as their breakdown strength 
ral'ies g reatly o,·er c.li ll'crcnt measuring conditions. 

( b) Occlusion Uompounds.-Dielectric measure
ments ham been made on a wide range of urea 
occlusion compounds. The absorption is rnry large 
a11d occurs ma inly at ,·ery high frequencies. Measure
ment of the dielectric loss at a particular frequency 
or of the low-frequency dielectric constant is probably 
the most convenient methoc.l of determining the 
l'OJtcentratioa of loug-cbain mate:·ial actually present 
in the urea crys tal strncture. ln association witl1 the 
Division of Industrial Chemistry the occlusion 
compounds of certain clays were investigated but 
conducting impurities masked any dielectric absorption 
efTecls. 

(c) Hydroxy-compounds.-In order to elucidate 
fu rther tho relatiombip between the dielectric 
proprrties and hydrogen-bonding, an investigation has 
bcrn made of di-orllto-substituted phenols in which the 
l1ydroxyl g1·oup is capable of hydrogen-bonding 
:i ltel'llately to one or other of the two or/710-substituents. 
Tho dielectl'ic absorption was much less than that 
obtained with long-chain alcohols wl1cre extcnsi,·e 
intermolecular hydrogen-bonding is lrnown to occur. 

(d) Aliphatic Eslers.-lt has been established that 
some long-chain compounds in which the dipole is 
at one end of the molecule possess dielectric absorption 
in the microwave region. Further information about 
thr mncbauis 111 of this absorption is being obtained by 
measurements on a number of aliphatic esters in 
which the dipole group is at Yarying distances from 
the end of the long-chain compounds. From measure
ments nt lower radio frequencies complete quantita
tive information has also been obtained about the 
energy barriers opposu1g rotation of the molecule and 
about the energy differences between the different posi
tions of equilibrium. 



128 

It has been discovered that one particular compound, 
butyl stearatu, remains in the metastable waxy phase 
( so-called a-phase) for much longer periods than is 
usual and that it undergoes reversible phase changes 
while still preserving its waxy translucent appearance. 

(e:) X -ray Cryslallography.-The study of the low
temperature form of the secondary alcohol 14-hepta
cosanol has been continued and extended to material 
obtained from the melt for both this compound and 
10-nonadecanol. Preliminary result~ indicate that the 
two methods of preparation give different crystal 
structures, some indications of disorder being obtained 
from that formed at high temperatures. 

7. SP1~CIAL INSTRUMENTS, 

(Division of Electrotechnology.) 
Measttrem-ent of 'Temperature and Salinity of 

Sea-water.-A portable bridge for the measurement of 
temperature and salinity of estuarine waters to a 
depth of 60 feet has been made for the Division of 
Fisheries. The l)ridge is direct-reading in both tem
perature and salinity. 

Work is progressing on the design of an instrument 
to record the same two quantities in the ocean to a 
depth of 3,000 feet. 

8. VACUUM ELECTRONICS. 

(Division of Electro technology.) 
The Division's work on electronic computation 1s 

described in Chapter XXX., Section 4. 

9. ELECTRICAL R ESEAllCH BOARD. 

(Division of Electrotechnology.) 
The general objective of the Electrical Research 

Board is to foster fundamental electrical research in 
Universities and the training of graduates in research 
methods. Grants are made for projects suggested by 
the Universities. 

The Board is representative of the Electricity 
Supply Association of Australia, the Universities, and 
the Organizatio11. F inancial support from member 
organizations of the Electricity Supply Association 
has enabled the Board to support investigations in 
most of the Universities of Australia. 

Investigations on the stability of power supply 
systems are being continued in the University of 
Adelaide with simulating networks and in the 
University of Melbourue by a model machine technique. 
Transients are being studied in the University of 
Tasmania. In the University of Queensland the 
impulse generator has been assembled and operated at 
reduced voltage and the occurrence of lightning is 
being investigated. The fundamental properties of 
semiconductors are being studied in the University of 
Sydney, where also a new project ha s been commenced 
on electronic counters and amplifiers of extremely 
short time resolution. S tudies of ele(;tric arcs in the 
University of New England are being continued by 
investigation of the loss of electrode material from 
hot spots. In the University of Western L\.ustralia 
the project on the application of single-phase motors 
on badly regulated lines is being continued, and 
assistance is being given with the construction of a 
vacuum spectograph for studying the X-ray emission 
and absorption spectra of solids. 

XXVII. RADIOPHYSICS. 
1. GENERAL. 

The tP.clmiques of radio and particularly its more 
recent offshoot, radar, have found employment in an 
ever-widening field of both scientific and industrial 

application. The use of . pulse metho~s and the 
exploitation of very much h1gher f!·equenc_1es ~han ~as 
possible a decade ago ha".e. provided. ?c1entists with 
new r esearch tools of surpnsmg versatility and power. 
The Division of Radiophysics is organized to carry out 
investigations in fields in which modern radio 
techniques have particular application. Chief among 
these are fundamental researches in cloud and rain 
physics and radio astr~nomy-:fields in whi_ch it has 
already established an mternat10nal reputat10n. ~he 
Division is also concerned with the study of physical 
properties of semiconductors, and especially the devices 
known as "transistors" which are initiating a major 
revolution in electronic techniques; with the develop
ment of radio aids to navigation; and with high-speed 
computation by electronic means. 

The Organization also undertakes research into the 
propagation of radio waves. This is done in collabo
ration with the Services, the Postmaster-General's 
Department, and the universities, under the direct iou 
of the Radio Research Board. Liaison between the 
various bodies carrying out research in the radio field 
and those who make use of the results of this research 
is facilitated by a Consultative Committee on Radio 
Research. 

The work of the Division of Radiophysics is outlined 
in Sections 2, 3, and 7 (b) of this Chapter a.nd in 
Chapter XXVIII., Section 9; Chapter XXIX., 
Section 3; and Chapter XXX., Section 3. That of the 
R adio Research Board is described in Section 7 (a) 
of this Chapter. 

Division of Radiophysics.-The Division is pre
dominantly engaged in fundamental research in two 
fields, rain and cloud physics and radio astronomy. 
Developmental work dealing witb radio aids to naviga
tion and with electronic computing is also included 
in its programme; while more recent additions have 
been investigations on the physics of semi-conductors 
and transistors, and their applications in electronic 
circuitry. For fuller details of the work of the 
Division than is given in this Report, the published 
papers listed in Chapter XXIV. should be consulted. 

Radio Research Board.- The Board maintains a 
small permanent staff and also fosters approved 
projects in any universities where the opportunity and 
need for assistance exist. The Board's studies 
contribute useful knowledge in two ways: (i ) by studies 
of radio propagation and all factors affecting radio 
communication paths; (ii) by study of air movements 
in the very high regions of' the upper atmosphere by 
radio means. 

These two subjects are closely interlinked and 
studies of both can best proceed simultaneously. The 
work of the Board during the past year has contributed 
materially to the knowledge of fundamental conditions 
and processes involved. New lines of attack are 
constantly being devised and improved equipment 
deployed in the investigations. 

The Board's officers work in close co-openttion with 
officers of the Ionospheric Prediction Service of the 
Department of the Interior, so that any new informa
tion on propagation may be utilized by them as rapidly 
as possible. 

Information on upper air movements is of great 
current interest from both scientific and defence 
aspects. The Australian Academy of Scienee has set 
up an Upper Air Committee to co-ordinate this work 
within Austrnlia and with similar bodies overseas. 
The Board's Chief Scientific Officer is Chairman of 
this Committee. The work already done by the Board 
provides a very good basis from which such investiga
tions may be expanded. 



2. nADIO Ams TO NAVlGATlON. 

(Division of Radiophysics.) 
During the past year the principal investigations 

have been concerned with a proposed method of 
n~vigating long-range aircraft by measurement of 
distance from the terminal points of the path ; no 
existing systems meet all the operational requirements 
of modern commercial aircraft. Some experiments 
have also been conducted 011 the determinatio11 of 
traffic conditions on r oads. 

(a) Long-mnge Navigation by Distance J11 easure
ment.-In the method proposed, synchro11i1.ed pulse 
transmitters are located at each end of the flight path 
and the distance of the aircraft from one terminal 
is determined by comparing the a rrival times of the 
two pulses at the aircraft. The distances measured 
are such that propagation via the ionosphere is 
involved; hence a knowledge of the characteristics of 
bblique-incidence propagation over long distances is 
an essential pre-requisite. 

.Analysis of the results of propagation conditions 
over the Camden-Townsville path set up last year has 
shown that the system should be useful for flights up 
to 1,400 miles long, using the first order reflection 
from the E layer. For :flights over the sea two radio 
frequency channels should provide coverage over most 
of the 24: hours. 

To test the conclusions of the system analysis and 
to provide information on the problems of g round 
station and aircraft instrumentation, a transmitting 
station bas been set up on a coastal site near Sydney, 
to provide, with t he Division's existing station at 
Townsville, an experimental model of the system. 

(b) .Measurement of Traffic Conditions on Roads.
R emote methods of surveying traffic conditions on 
roads have been investigated. These include a device 
making use of the rndio-Doppler effect for measuring 
vehicle speed, and a simple optical method recording 
photographically the speed and distribution of 
highway traffic at night. 

3. PHYSICS OF SE:1n-CONDUCTons. 

(Di vision of Radiophysics.) 
Very considerable effort has been devoted in the 

p ast few years, particularly in the United States, to 
the development of devices based on the peculiar 
proper ties of matel'ials classed as semi-conductors, which 
are equivalent, and in important respects superior 
in perfonnance, to radio valves. The introduction of 
these "transistors" is initiating a major revolution 
in electronic techniques. The Division has therefore 
set up a small section to study the basic physical 
processes governing the action of transistors, and tho 
spel'.lial circuit techniques required to make t.he best 
use of their special properties. 

(a ) Ji'mulamental Investigations.-Equipinent has 
been built up for the purification of semi-conducting 
materials, fo:· the growth of single crystals of 
germanium having the necessary properties, and for 
producing specimens of the required size and shape. 
Small-scale production of both junction and point
contact transistors, using germanium as the semi
conducting element, is under way. Fundameutnl 
investigations of electronic noise in semi-conductors 
are in progress, iucluding measurements down to liquid 
nitrogen temperatures. 

(b) Tmnsistor Circuit Development.-Basic test 
equipment has been designed and is under construction, 
inclttding a characteristic-curve tracer, 1t bridge for 
mMsm·ing small-signal pai'arneters, n frequency
response tester, and. n~i~e _measuri~g apparat.us. 
P eiiding the ready ava1lab1hty m quantity of Junction 
type transistors, circuit devclbpment has been restricted 
to the construction of a few simple units. 
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4. MATHEMATIO.ll. Oo:MPUTA'rION. 

(Di vision of Radio physics.) 
The Division's work on mathematical computation 

is reported in Chapter XXX., Section 3. 

5 . CLOUD .l..l.'sD RAr.N PHYSICS, 

(Division of Radiophysics.) 
The Di vision's work on cloud and rain physics 1s 

1·epor ted in Oha1Jter XXVIII., Section 9. 

6. RADIO ASTRONOMY. 

(Division of Radiophysics.) 
The Division's work ou radio astronomy i5 reported 

in Chapter XXIX., Section 3. 

7 . T1rn lo!-:0Sl:'l-1'..li:lU:. 

..111 long-distance radio propagation takes place 
through the ionosphere. The normal ionosphere is 
maintained in its ionized condition by radiati on from 
the sun and therefore shows daily and seasonal varia
tions. These are now reasonably well known for most 
regions of the eal'th. Less is known about the abnor
malities, such as iouospheric storms, which disrupt 
radio communications from time to time, particularly 
when sunspots are active on the visible solar disk. 
The most common method used for studying the 
properties of the ionosphere involves reflection of 
radio signals. An alternative method consists of 
making use of radiation from cosmic radio sources 
and determining the effect produced by the ionosphere 
on this radiation as it passes thr ough the earth's 
atmosphere. These effects may change with time either 
slowly or rapidly. 

(a) Investigations by the Radio Research Board.
(i) Jliorphology and Theory of Ionospheric Processes. 
- During the past year, attention has been concen
trated on studies of the anomalous F2 region, the 
conducth-ity of the ionosphere, storm morphology in 
the ionosphere, and ionization movements in the 
ionosphere. The work on the F:! region and the 
conductivity of the ionosphere has provided solutions 
to several major problems of the ionosphere which 
have hitherto defie.d satisfactory explanation. Work 
on storm morphology in the i911os1Jhere appears likely 
to have an important application to the alleviation of 
the disruption of overseas communications which now 
occms during ionospheric storms. Sufficient is now 
known of the course of these storms ( over three days) 
to enable specific remedial measut·cs to be taken. In 
some of this work valuable assistance has been received 
from the Ionospheric Prediction Service of tl1e 
Department of the Interior. 

The work of tlJese sections is based mainly 011 
informatiou from the world-wide network of ionospheric 
observing stations. ·work on ionization movements in 
tbc ionosphere is closely linked wit.b the observational 
work described in (ii) below. 

(ii ) Uvpe1· Afr Movements cit lo,1,oi;phe1·ic lleiyhl:, . 
·:-}.,Iov~men_ts i11 tlie high atr_nosphere are assumilig 
rncreasmg importance, both directly because of tbeii
cffeets on aircraft and projectiles aud iudirectly 
because of their relation to meteorological conditions 
in the lower· atmosphere. W orkcrs assisted by the 
Board are attacking this problem in three different 
:vays. Work of the ~oar~l's permanent staff at Sydney 
1s based on observations of mo'l'emeuts of disturbances 
as the:y pllss over three spaced observing points some 
40 miles apart ; these observations h ave so far been 
mainly by day. Another group at the Univei-sity of 
Queensland has been carrying out allied measuretl'.lents 
usin& a 1·atber si~ilar techniq_uc, but mainly at night. 
A thll'd system 11smg observation s of meteo1· trials has 
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been developed at the University of Adelaide. These 
three centres are contributing to the general picture 
without overlapping. 

Parallel with the observational work an intense 
theoretical study is maintained, to interpret the 
results and guide further experiments. 

(b) bwestigations of the Division of Radiophysics. 
-The Division is not directly engaged in ionospheric 
investigatiom as .such, but several aspects of the work 
are providing information which has a direct bearing 
on radio propagation problems. Radio waves of solll r 
and cosmic origin are absorbed in var,ying degrees in 
their passage through the ionosphere and these varia
t.ions may be used to provide information on iono
spheric absorption. U seful data on oblique-incidence 
propagation arc also being obtained as a result of tests 
that were necessary in connexion with the development 
of a long-range navigational system described above. 

(i) Scintillation of Discrete Sources.-The twinkling 
of radio stars is kno,vn to arise within the earth's 
atmosphere. A nalysis of a long series of observations 
on four discrete radio sources has shown that the 
amplitude of the scintillations varies both seasonally, 
with minima near the equinoxes, and diurnally, with 
minima near dawn and sunset. The amplitude of the 
scintillations correlated well with the occurrenre of 
sporadic E but not with "spread F" conditions. These 
results .a i·e at variance with those derived in the 
northern hemisphere and suggest that both E and F 
regions may contribute to t he scintillation. 

The spectral characteristics of the scintillations arP. 
bein_g studied by means of the r adio-frequency speero
graph, over the range 40-240 ::M:c/s. One interesting 
result already obtained is tl1at variat ions with 
frequency are often regu1ar, and not random as has 
generally been assumed. 

(ii) .Measurement of Ionospheric Absorpfion.-A 
system& tic study of the small variations in intensity 
of cosmic radio waves observed at a frequency of 
18.3 ::M:c/s. shows tl1at these are associated with 
chan~es in the ionosphere. Two separate componcts 
of the absorption can be distill!l'uisbed, one due to the 
D re~ion and the other to the F re2:ion. This method 
yie1ds the absorption due to the who1e depth of the 
ionosphere, and he11ce its use. in r.oniunrtion with 
those used in normal ionosl?heric studies (which refer 
only to the lower regions), is like1y to yield u 0 efu1 
information r.o!H'eming the upper, and otherwise 
inaccessible, F r egion. 

(iii) E ffects of Solar Flares.-Observations of the 
intensity of solar radio wa,-es have been shown to 
provide a simple but nartieular1v sensitive method 
for detecting the sudrlen ionospheric disturbanr,es 
(causing fade-01,ts) wbir.h are associated with solar 
flares. A partir.ular advantap:e ra;ned is that the 
variations in abi:.orption ran be fo11owec1 in detail 
tlwoughout tl1e Cf\Ur~e of the disturbanre ; in rontrn~t 
with noi-mal metl1ocls, wliere no record is obtained 
during tlie severe phases. 

(iv) Obliq1ie-in,:idence Provagafion.-Regu 1ai· Pulse 
trii.nsrnissif\ns between Camden A11rl 'l'owns,1 i11e liavc 
been carried out at a frequency of 9.8 M c/s. to provide 
proparration information rc1evant to thP long-term 
navip:ation aid bein9; investigaterl by tl10 Division. 
The first order E reflection has l'hown consistent delay 
times in agreement with predictions based on vertical
incidence 
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data from Brisbane. The equipment has 
been modified to provide photographic records of t11e 
amplitude of the received pulses to serve as a basis for 
a study of diurnal and seasonal variations of slow 
fading and of normal interruptions to the circuit over 
an extended period. 

XXVIII . .ATMOSPHERIC PHYSICS. 

1. G ENERAL. 

The Organization ~s undertaking a number ~f basic 
studies of the physics of the atmosphere with ~he 
object of attaining a more fundamental . undcrstand":1g 
of the weather and the processes which control 1t. 
Meteorology is a public utility on which almost every 
phase of the community life depends in _some way. 
It already provides a wide range of . services to . the 
public, but these can only prosper and unprove against 
a background of basic research into the many problems 
yet unsolved. Furthermore, Australian scientists have 
played a leading part in a series of experiments in rain 
physics, which could lead to results of great interest 
for a continent sucl1 as Australia which lacks adequate 
water supplies over wide areas. 

The Organization's major investigations in the field 
of m eteorology are undertaken by the Section of 
11-Ieteorological Physics at Aspendale, V ictoria. This 
work in cludes studies on dynamical meteorology, 
general circulation, heat balance, and micrometeorology, 
including its application to frost prevention (see 
Sections 2-7 of this Chapter) . The Division of Radio
physics, on account of its access to the radar techniques 
employed in this work, is engaged in a carefu1 scientific 
study of the processes in nature which give rise to 
cloud and rain, and of possi ble methods of stimulating 
rainfall by artificial means ( see Section O of this 
Chapter). The Division of Physics at the National 
Standards Laboratory has also undertaken laboratory 
investigations, in collaboration with thr Division of 
Radiophysics, on some aspects of rain-forming 
processes ( sec Section 8 of this Chapter) . 

Section of J.[e/;eorological Physics.- T he Section 
aims at attaining a more fundamental understanding 
of the weather and of the physiea1 processes which 
control it. In addition to that part of the research 
programme with bears directly on the Australian's 
needs and problems, tbe intemational aspect of 
meteorological research are given constant attention. 
The Officer-in-charge is Secretary of the National 
Committee on Meteorology, whicl1 reports to the Inter
national MEteorological Association. A meeting of 
the Standing Committee for Meteorology of the Pacific 
Science Associntiou was attended by an officer of the 
Section in November; and during the current year a 
visit was r ec:ei,•ecl from the delegates to the South
W est Pacific R egional Commission of the World 
Meteorological Organization. The Officer-in-ch arge is 
also a member of the Working Group on :M:inoclima
tology of the W orld Meteorological Organization. 

The Section moved to its new hca.d-auarters at 
Aspendale in November, 1953. · 

2. G ENERAL CmcuLATION. 

( Section of Meteorologi cal Physics.) 

To re~~h a better understanding of seasonal 
abnormaht1es and the causes and controls of climate 
it becomes necessary to study the mechanism of the 
general cir cu la tion of the atmosphere. This involves 
evaluation of the large-scale tr ansport of heat, water 
vapour, and momentum from wor1d-widc measure
~ents from balloons ascending to 50,000 feet and 
lngher. 

This is an international p1'ohlem and only relatively 
slow progress can be expected. During the year a 
paper has been published summarizing the results of 
Australian work to date. Apart from the detailed 
resu1ts there emerges a clear indication of the need 
for greater effort to obtain more regular high-reachin?; 
measurements at existing world stations, particu1arly 
on occasion of strong upper (" jet stream ") winds. 



1:n 

3. DYNAMIC METEOROLOGY. 

( Section of Meteorological Physics.) 
(a) Lal'ge-scale Systems.-The study of the dry

monsoo11al circulation which predominates over the 
west and north-west of Australia has been continued, 
and extended to i nclude relations between the large
scale distribution of pressure and rainfall over the 
continent and in the trade wi11d belt. The basic object 
of this work is to assess the effect of continual heating 
on the circulation in the region. Data covering ten 
years' observatio11s have been extracted and are being 
collated, with promise of interesting results. In 
particular some of the large-scale features, seen 
repeatedly in the surface pressure charts, appear due 
to the action of topography ou easterly winds. This 
will be tested further. Some qualitative r ules useful 
for short-term forecasting may also emerge from this 
work. 

Sea breezes are examples of diurnal wind variations 
arising from diiierential heating at the coastline, but 
diurnal wind variations to considerable heights have 
been detected in regions far inland. A survey of 
upper winds has shown the continent-wide extent of 
these influences. Their sliare in sustaining the seasonal 
surfar.e circulation is being explored. 

A detailed analysis of upper winds from :Kalgoorlie, 
W estcrn Australia, and Oloncurry, Queensland, 
indicates that th!3 diurnal oscillation in these regions 
is largely due to a vertical momentum transfer ,1 a ryi11g 
with the illtensity of convection and thus with time 
of day. A quantitative dynamical study of this effect 
should soon be completed. 

Examinations arc being made of discontinuities iu 
temperature, moisture, an<l wind associated with cold 
fronts in southern A ustralia. One investigation is 
base<l on radio soundings for four winter seasons ul, 
Perth and :Kalgoorlie, and a ten ta ti ve classification of 
fronts in this region has been evolved. It is planned 
to explore its relation to the subsequent history of 
the fronts and to the large-scale flow patterns. 

Synoptic aspects of the processes accompanyii1~ 
abrupt falls of temperature in summer (" cool 
changes") form another part of this programme. 
8-ssistance has been given by the Commonwealth 
:Meteorological Branch and a number of Victorian 
State author ities i11 obtaining special observatiom 
required for the more detailed study of such changes 
affecting Victoria and southern New South Wales. 
Followi11g a trial last summer it is planned to resume 
the co-operative part of the work next spring. 

(b) Gonvection.- Theoretical work has led to the 
identification of five modes (three principal, two 
transitional) of couvective motion, depending on the 
temperature condition of the environment and the size 
of the convective element. In particular, large upward 
velocities can be developed only when the air is 
stati.stically unstable ::md the "bubble" exceeds 11 

certain critical size. Given the rate of mixing, the 
temperature and velocity of the bubble cnn be calcu
lated in any known envi1'011mc11t. 

This problem is of importance in vertical heat 
trnnsfer in the a tmospherc and in r ain and cloud 
physics. Substantial r ain requires substantial rates 
of uplift for its initiation and continuance, and the 
main limiting factor in rainfall is most probably the 
extent of Yertical motion with in the individual cloud. 

Theoretical and experimental studies haYe been 
begun on continuing conYectiou from artificial sources, 
which has bearings on frost protection and atmosphere 
pol lution. 

4. lifrcnoirnTEOROT. OOY. 

(Section of :Meteorological Physics.) 
The major effort in micromcteorology has continued 

to be an int,msive investigation of tl1e transfer of heat 
11 nd water vapour from the ground surface to tho 

atmosphere and also of the frictonal influence of the 
ground on the wind. These fundamental studies have . 
been framed, not only to give much-needed knowledge 
of the processes by which a tmospheric air-masses 
undergo m,)[lification in travelliug over land and sea, 
but also to provide means for a more thorough study 
of evaporatwn from natural land surfaces and from 
crops than has been possible with previous largely 
empirical methods. 

The specially developed equipment in use at the 
Edithvale (Victoria) experimental stati on provides 
the observational material for these measurements of 
turbulen t transport and also yields a wealth of data 
for studies of the structure of atmospheric turbulent 
motion-studies of importance in relation to the 
diifusion of matter (smoke, factory chimney effluents, 
pollen, &c. ) in the lower atmosphere. The equipment 
has been extended and improved in the last year and 
now gives synchronous records of the turbulent 
structure of wind, temperature, and humidity at two 
separate points. 

Analysis of the records obtained this year and last 
has been pressed forward to the full capacity of the 
special machine· analyser built for this work. It is 
found that these techniques enable evaporation to be 
measured over short periocls of time ( 10-20 min.) with 
an accuracy far beyond that which seems feasible with 
the gravimetric methods under develovment elsewhere. 
A fu rther important advantage is that no disturbance 
of a crop-beariug surface is entailed. It has also been 
established beyond doubt that heat is conveyed to the 
atmosphere by a distinctly diiterent mechanism 
than operat&s for mo10entum or water vapour, a 
hitherto very controversial ma tter ancl one having 
important implications in the study of evaporation. 

A supplementary study of tl1c \'ery fine structure of 
atmospheric turbulence u.;;ing cathode-ray oscillograpl..t 
techniques is well advanced. 

F(?r any wide practical application of the above 
technique to specific agricultural evaporation problems 
it is desired to devise an instrument to give direct 
readings of evaporation and. so eliminate the 
formidable amount of computation at p resent required. 
P reliminary designs for such an instrnment are well 
on the way but, although the principle is clear, a 
considerable amount of electronic engineering work 
remains to be done and it will be some time before 
an instrument suitable for operators who are not 
trained physicists is available. An extension of this 
method should also facilitate investigation of heating 
and frictional effects. 

An observational study of wind gusts in the lowest 
500 feet has been completed and briefly r eported to 
the Postmaster-General's Department, which requires 
the information in connexion with the design of tall 
r adio masts. 

Apparatus has been designed and built for several 
agricultural research workers, mainly for fine-structure 
recording of temperature and humidity in connexion 
with such problems as : micro-environment studies of 
growing pasture plants and also of crops under trial 
in the Northern Territory- cotton, peanuts, &c.; 
humidity structure studies in connexion with mildew 
diseases cf grape-vines; ponding of cold air in valley.;; 
in relation to the tree liue; temperature inrnrsion 
survey in Clueensland pineapple districts in relation to 
the frost problem; temperature influence 011 the life 
cycle of intestinal parasites of sheep. R adiation equip
ment has been repaired and recalibrated for several 
r esearch st.ation8, and advice and assistance gi,·en 
with obsel'Yational programmes. 

On the theoretical side, the rnrrQ;y rl1ang-es invol,rcl 
in mixin~ an inversion layn liav~ been im·rsti•ratPrl 
with reference to frost prevention and it is found 
that the energy required to maintain mixing in a 
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100-ft. layer is only a small frac:tio1i of that supplied 
by the ltsual design of frost fan. Considerable 
improvement il'l frost fan performance is tl1crcfore not 
excluded. 

5. FROS'!' PRJ,VJ,:N 'l'ION. 

( Section of Meteor ological Physics.) 
Dur ing the winter of 1953, frost prevention trials 

in citrus were continued at Griffith, New South Wales, 
using the 12-ft. diameter airscrcw on t]rn l~w-po,~e.rc<l 
wind machine (see Chapter IV., Section a) . 'Inals 
were conducted ut increasing angles of til t of the 
blades until they were nearly vertical. The best 
performance was obtained with the air blast dhectc<l 
a t about 15° below the horizontal. Data collected by 
the Irrigation R esearch Station in trials with an 
experimental Amer ican-type machine were analysed, 
and also showed optimum performance at about the 
same tilt. An operational test was made of H small 
number of return-stack orchard heaters, now n1alrn
factured in :Melbourne, in conjunction with the small 
1Yind machine. 

Fur ther experiments, in co-operation with the 
Qltoeusland Depar tment of Agriculture, were conducted 
on the Pineapple R esearch Farm of the Committee 
of Direction of Fruit Marketing. The disappointiug 
pcrl'ormam:c of the small wind machine, suggested in 
earlier trials, was confirmed; but the reason is now 
believed to lie, not in anomalous meieorologica I cond i
tions, but iu the requi rcment of an open-type cro1, 
for a type of air blast different from that best suited 
to ci trns. Considerable data were also collected with 
various conceu trations of small lard-pail type oi1 
lwaior& spread ornr 1 acre, both on their own and 
reinforced by the wind machine. 

,\ wind machine is now available comrnerci :illy. .\. 
preliminary test in a vineyard in South Australia in 
the spring was encouraging, and more detailed trials 
are planned fol' the <'oming winter. 

Continuing laboratory work on frost alarms i1, 
improvo reliability has led to modification and field 
trials of two commercial thermostats. A stucly is now 
heing unrlurt.ak,,n of the tcmperatme differences under 
various conditions between the instrnmeuts, folingl', 
fruit, &c., aud the air. Bad sit ing auc1 exposure can 
result in mistimed warnings from an otherwise reliable 
instrument. 

6. RADlO Mwl'EOROLOGY. 

(Section of Meteorological Physics.) 
The Section has done 110 work in this fiel<l during 

the eunent year. 

7. O THER lNVESTlGA'J'lONS. 

(Section of Meteorologicnl Physics.) 
(a) Ozone t,wcs/.igal ion,. - ,V orld-w ide wcasur c·

ments of tl1e ozone content of tbe atmosphere have 
been made for some years under international auspice~, 
but very few observations have so far been made in 
.\ustralia. Three instruments for t.his purpose are 
now being ndjusted and n m
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network will l1<i 
set up in southern ~\.ustra ia. 1c measuremeut,
should provide information on the general circulation, 
and an index of developments at h igh levels of possible• 
value in routine analysis and forecasti11g. 

(b) Sea Sitrfacc 'Pemperatimi 111 easurement.- ._\ 
t.est of the accuracy of the ncceptecl dip l)Ucket 
teclmique for measuring the true sul'face temperat u re: 
at sea has been completed. Tempcrntures measured by 
bucket in Port Phillip Bay, ort clom· days of l ight 
,vind when discrepancies mip:ht be expected, averaged 
a.bout ¾6 0. higher than su1•faco temperatures clerive<l 
frotn simult.rtneous nieasurernents of emitted 1·arli 11t.ion. 

(c) ;.llax·imum Rate of Rainfall.-Knowledge of 
upper limi ts to the rainfall within a stated period are 
required for various pru·poses of water use, conserva
tion, and flood control. Since rainfall is not normally 
mt'asured for pel'iods between 1 and 24 hours, the 
limits in this range have to be interpolated. An 
oxamina tio11 of world-wide data, including the Aus
tralian station, has given evidence of one or two breaks 
in the intensity-duration relationship in this rnnge. 
The attention of hydrologists has been drawn to this 
result and its implications. 

( d) Rai1tfall and i11 eteoric Dust.-Jln appr aisal 
w!ls made of the influence of meteoric dust on rainfall, 
with the oouclusion that on present knowledge any 
significant influence was improbable. 

8. P&J£CU•fi'ATIO::S. 

(Division of Physics.) 
B y cornbinlllg experimental results on the rate of 

sublimation of carbon dioxide in a moving air stream 
with others 011 ice crystal formation by the passage of 
carbon dioxide pellets though supercooled fogs, it has 
been ghown that the number of ico crystals p roduced 
by the sublimation of a g iven mass of carbon dioxide 
increases linearly with decreasing ternperat.ure of the 
snpcreocled fog. 

These results have been applied to the calculation 
of the ice crystal formation to be expected by seeding 
typical clouds with carbon dioxide pellets. Measure-
1n<'ntF, incidental to this calculntion, to determine 
the terminal velocities of carbon dioxi<le pr• llets g ive 
1·esults in good agreement with theory. 

Somo further work has been done on the collisiou 
c·1·oss-section of 1,·11.te1· drops with mist droplets. 

!). ULOlJD ANO RAIN P HYSIC':-!. 

(Divisiou of Radiophysics.) 
Two factors, more thau any otuers, have beeH 

responsible for substantial advances in receut years in 
our understnnding of tho physical processes which give 
rise to the formation of cloud a11d rain. The first 
i-8 the availability of powol'ful microwave radar 
techniques, and the seuond a more thau usually urgent 
need for such un understanding because of the 
possibility that has been rovealod of stimulat.ing 1·ain 
by artificial means. The Division has in many rospect,s 
pioneered a thorough scientific investigation of as 
many of the factors invob·ed as are susceptible to 
measuremellt, aud has in the process developed new 
techniques and new instruments which are now finding 
application in other countries. Mucl1 of the work 
is performed i n specially equipped aircraft, work 
which would not have been possible without the active 
co-operati011 of the Royal .t.\ustralian Air F orC'o. 

((i) Cloud fi'orma/,ion.-Tliere is a limit to t.he 
amount of water vopom that air can bold and this 
is p redominantly a fmlC'tion of its temperatnre. When 
this limit is reached-usually in n aturo by coolino· of 
l . " . ,, 0 

t 1e au mass- saturation occ urs. In p::ire air, 
boweYer, the excess water does not co1Jdeuse out as 
water droplets until still lower temperatures are 
roach~d. Cloud_ nnd fog droplets nee<l some type of 
11nd e1 npo11 wlHch to form. Such n uclei a re usually 
abundant i11 natme, but a knowledge of their consti
tution, hehi, viour, and distribution is obviously basic 
to au understanding of cloud processes. Tlrny al'e of 
two distinct types : 

( i ) C ondrmscition .N uclei.-These give rise to cloud 
and fog. They may vary in number from hunch-eds 
per cubic centimetre over the sea to hundreds of 
thousands per cubic centimetre in smoky industrial 
areas. Samples of these have been collected from 
i,ircraft, using oil-c0\1ered slides or light frames ac1·oss 



which spide1· ll'cbs arc s&1·ctclied and examined and 
id~ntificd in the laboratory. Air' which has trnvelle<l 
for much of its path over sea is found to contaiJJ 
relatively few nuclei but these arc of large size. They 
are hygroscopic and composed of sea salt crystals, 
formed by the bursting of small bubbles at the sea 
?urface, and almost certainly play nn important part 
111 determining whether rnin subsequently follows. 
.iir \\'•hich is of continental origin usually contains 
numerous minntC' nnclci which consist of dust and 
the products of com hustion of coal, "·ood, and oil. 
Extensive flights OYet· south-eastern Australia havn 
shown that the pre<lominant nuclei are small sea salt 
crystals which may be transported hundreds of milr.s 
inland by wind moYements. 

(ii) fi'1·eez·i11,q Nw·lei.-Just ns supersaturation of 
air is colllJ11on, so is supercooling of cloud droplets : 
that is, they do not frco;1,c until temperatures well 
below 0° 0 . are attained. The presence of supe1·cooled 
water droplets constitutes a serious ha,rnrd to air craft, 
since it can lead to icing-np of the control surfaces. 
In pure a ir, cloud droplets do not freeze spontaneously 
until a tempcrnture of -15° 0 . or colder is reached. 
However, freezing can occur at much warmel' tern 
pcr:itures if certnin nuclei lmow1t as "freezing nnclei " 
ai·e pl'esent. The freezing of some of the droplets in 
a cloud is mt essential prerequisite for formation of 
rain from such freezing clouds by the Berge1·011 
process. While certain natural nuclei having this 
property obviously exist, tl1cre arc certain other sub 
stances- silver iodide, for example- which bchaYe in 
t.he same way. Investigations ar e therefore in pro
gress to determine tho nature and <listribntion of 
natm al freezing nuclei, anti also to study the effective
ness of substance~ wl1ieh will serve as "artifirial" 
nuclei equally wel1. 

N aforal Freezing }hiclei: These arc studied by 
admitting a sample of the supercoolc,d ('loud droplets to 
a "cold box" carried in an aircraft . The cold box 
is then furtlior cooled and the temperature determined 
nt which frce;1,ing of som.e of thr dropleti: occurs, these 
having a distinctiYc appenrance when observed by 
reflected light . Surveys are being made of the number 
nnd distribution of natnrnl free;1,iug nuclei in the upper 
nir. One interesting ou tcome of this has led to the 
hypothesis thnt an important sonrce of these nuclei is 
the dispersal of meteors in the earth'~ outer atmosphere. 

Artificial Frcczin_q N11clei : The feasibility of min 
production by a r tifiria 1 means clearly <lepends on the 
a,·aila bility of substances to t.ake tho place of natmal 
nuclei, when these are absent, and on a rlear under" 
standing of how they fnnction. The first artificial 
freezing nucleus to be oxtcmsively tried was silver iodide, 
but rnrie<l and contradictory claims have been made 
for its cffectiv('ness. Previous inconsistencies have now 
been resolvrd ns a r('s11 l t of ,rnrk wl1ich sl1ows that the 
effective life of silver iodide crystals is critfra.lly depen
dent upon trmpcratnre and pressure, and is negligible 
unless they a.re released at snfficiently low tempcratiu es. 

(b) Olourl Proper/.i cs.-Once :t cloud has been 
formed, the mn.jor factors which determine i ts subse
quent bebnviom , and in particular whether rain ensue.~, 
arc the size distribntion of tho droplets and the amount 
of liquid water present at varions lernls, the cloud 
temperature, and the air movement nncl velocity. 
Ob;:;er,·atio11s of the~o hwre been con tinned from airr.r11ft 
as opportunities permit,terl. 

( i) Cloud Droplets Speolra.-FnrtJ1e1· ohser vations 
with the cloud droplet sampler, in which rods coated 
,rith magnesium oxide arc exnosed from aircraft, have 
confirmed tlrnt in convective elond the droplets incrcaso 
in size and decrease in number with l1eight above tl10 
cloud base. An essential step in the determination is 
tlH' intNprctntion of thr Ri7.r 0f n holr i11 tlrn oxide fi lm 
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iµ t;orms of thut of the 9rqpM wJ1icl~ caused it. A 
calibration of the method has b.een undertaken !1,nd 
suggests that the method is of dougtfu] value with 
large drops. An alternative sampling sm•face iii beiµg 
dereloped, and also a droplet sampler for large drops, 
in_ tbe form of a special tanJ, carried on tht}. aircraft 
wmg. 

( ii) Oloud Wate1· Gontent.~From the results so 
for obtained a sunoy has been made of the average 
way in which water content varies with horizontal and 
vertical position in a cloud. Current theories of cloud 
fo 1·mntion tend to account for the observed deficiency 
of water content at any hight above cloud base ( over 
that predicted on a basis of simple adiabatic lifting) 
11s being due to the horizontal entrainment and mixing 
of drior air from the environment. R esults of measure
ments to date give no support to this theory and imply 
that present ideas need considerable modification. 

(iii) Air 1llovement and Velocity.-Experiments ar e 
being continued to determine air movements in the 
,·icinity of clouds, b_y following with radar the motion 
of bundles of strips of light metnl foil dispersed into 
thr air from aircraft. 11his has involved increasing 
the precision of the ground radar by th~ addition of a 
~ccond aerinl sy8tcm capable of p roducing a Yery 
11:11'1'011· hcam in the vertical pl ane. Preliminary 
measu rements have also been made by means of radar 
s~r~tems installed in the aircraft it!.'-elf. 

(o) Rui?h.- Tho known mechanisms in natme which 
lead to prcci1)itation are the free;1,ing of some of the 
droplets in a supercooled cloud (the Bergeron process) 
and tl1e coa lesccnce of smaller droplets, the process 
responsible for rain from "warm '1 clouds. A11 

especially interesting outcome of the year's work has 
been the indication that dust of meteori tic origin bas 
1111 importan t influence 911 rainfall. 

(i) Salinity of Ra·in.- Coalescence is initiated by the 
presence of large droplets, for example, such as can be 
formed by condensation onto la rge sea salt nuclei. 
The salinity of raindrops formed in this way should be 
a function of their size, and a lmowlcdgo of the relation
ship beb\·cen raindrop size and salt content should 
provide important infonnatio11 about the 1ray in which 
the drops for med aml g rew. 

Accordingly experiments to determine these quantities 
have been commenced. T he raindrop spectrograph 
de.-e1opcd by the Division in 1951 is usod to collect 
nnd separate the raindrops foto appropriate size r anges, 
and n flame spectrometer to determine the salt content 
of each. J nitial experiments were made in Sydney 
and on the Blue :Mountains and, through the generosity 
of tl1c R.ockrfo1ler Founda t,ion of New York in making 
2,500 dollars available, are ]Jeing continued for a shor t 
veriocl in the Hawaiian Islauda, where c9nditions for 
the formation of warm, rain occur very much more 
fr!'lqueptl;v thnn they do in south-eastern Australia. 

(ii) Laboratory Investigations of Ooalescence.-Tbe 
ooalcsceuce of water drops of diameter 90 /J- a11d 
upwards has been studied experimentally by suspending 
drops of nearly equal diameter in a current of air in 
n vertical wind tunnel. The int,eresting and significant 
result has been obtained that uncharged drops of 
diameter al)out 150 µ. have a "collectian efficien,cy" 
of 12.5 ( about three times greater than expected from 
theoretical considerations); for charged drops this 
figure is increased again by a factor of 20. 

(iii) The 1JJffect of Jlfeteorit.ic Dust on R ainfall.
Evidence hns been fonnd for a possible connexion 
between rainfall and meteor nativity. 

During tbe y('nr, measurements of the distribution of 
freezing nur.lf1i at heights of 10,000 fret or so disclosed 
variations which appeared to be m1re]ated to the origin 
of air mass, and ·suggested that the nuclei might 
possibly he entering the atmosphere from above. A 
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study of the total rainfall received at Sydney, day by 
day, for the two periods 1850-1001 and 1902-19 l4 
revealed peaks on certain calendar days, and that the 
dates were closely the same for the two periods. Sub
stantially the same result was obt.ainccl by considering 
similar data for widely separated places in both the 
northem and southern hemispheres. This provided 
strong rvidence for an extra terrestrial cause. The 
preferrrd dates of excess rainfall occur some 30 days 
after the dates of known meteor streams, suggesting 
that the agency responsible is the fine meteor dust which 
enters the earth's atmosphere 011 the same dates each 
year, wheu the orbits of the earth and meteor stream 
intersect. The interval of 30 days represents the time 
takeu by the small meteoritic particles to settle to the 
lower regions of the atmosphere, where they apparently 
sr.rve as freezing nuclei. Their appearance there at 
times when meteorological conditions were favorable 
could either intensify rain fa 11 if it were already 
occurring, or induce it if suitable "natural" freezing 
nuclei were absent. 

If tbe more detailed analysis at present in progress 
confams this hypothesis the implications on cunent 
meteoroloa:iral ideas will be profound, and promising 
new possibilities with regard to artificial rain-making 
opened up. As a check 011 the theory preparations are 
in hand for systematic measurements of the dust con
tent of the upper atmosphere. Two methods will be 
used : one direct, by the collection of particles from 
a high-flyiiig aircraft, and one indirect, from obserrn
t ions of the variation with altitude of the optical scatter
ing of sunlight. 

( cl) Artificial Rain Forrnation.-Attention has been 
mainly cle\·oted during the past year to a critical 
examination of the processes previomly used for 
artificial seeding of cloud. Only limited seeding experi
ments ha\·e been carried out. 

( i) SiZ.Ver Iodide.-A part from <lry ice, wll()se 
effectfreness and method of operation arc now well 
known, the material most used in the past for seeding 
supercooled cloud has been silver iodide. Extravap:ant 
hnt rontradictory claims ha\·e bPen marle as to its 
effectiveness, particularly when released from ground 
gener:itors. A comprehensive series of experiments has 
therefore been carried out, both in the field-to study 
t.he actual traj ectories and effective Ji fe of the sih·er 
iodide particles after rele~se--and in the laboratory, to 
determine the factors which inf!11encc the effectivern~ss 
of the particles as freezing nuclei. Important results 
which ham a direct bearing on future seeding experi
ments have been obtained, and many of the previous 
iuconsistencies have been resoh-ed. 

The field experiments have shown tlrnt under the 
conditions generally prerniling in south-eastern .Aui=;
tralia the use of silver iodide generators at ground level 
is virtually useless, firstly, because it is improbable that 
the particles will attain the requisite heights in the 
atmosphere in sufficient quantities, and secondly, if they 
should happen to do so, they will by that time have lost 
their ability to act as freezing nuclei. The laboratory 
experiments have established that the effective life 
of siher iodide particles is an inverse function of the 
temperature and the pressure. The number of effec
tive particles generated from a solution of silver iodide 
in acetone, for example, decays by a factor of 10 in 18 
min. at a temperature of + 30° C., hut the same decay 
takes over 4 hr. at a temperature of 0° C. 

As a result of this work it is clear that silver iodide 
should preferably be released from aircraft at the 
requisite altitude, and that the only situation in which 
ground generators are likely to be effectiYe a re tho£e 
in which the ground temperature is already low and at 
the same time an adequate updraught exists (e.g. on the 
top or slopes of high mountains) to carry the particles 

ra piclly to higher and colder alt it udes. Preparat ions 
are being made for more extensi \'C trials of both 
methods. 

(ii) Generalion of F reezing Nuclei.- Laboratory 
work has been undertaken to arrive a t the most efficient 
way of generating nuclei of t he appropriate size and 
in sufficient quant ities. A Yery satisfactory method, 
applicable to both small and l arge aircraft, has been 
cvolred in which a solution of si lver iodide in acetone 
is sprayed in to the exhaust stack. 

XXIX. F.XTRATERRESTRIAL PHYSICS. 
1. G :s,:NJ,;RAL. 

The nP,W science of radio astr onomy-the study of 
the universe by means of radio wa1•es-is now recog
nized as an important and iutPgral part of astronomy 
itself. Apart from proYirling information which 
mpplements that. obtained by opti<'al methods, it bas 
Ir.cl to entirely 110w discoveries which could not have 
Leen made by the methods of classical astronomy. A 
more recent development, which is certain to shl3d light 
on the origin and structure of galaxies-including that 
to which the Eal'th belongs-is the cfocovery of a radio 
"spectral line" at a wavelength of 21 cm., due to atomic 
hydrogen. 

Iladio astronomy has formt>d a major part of the 
research programme of the Division of R adiophysics 
( see Section 3 of this Chapter) . Studies of the 
ionosphere are carried ont by the Radio Research 
Board (s<'e Chapter XX:VII., Section 7) . Wol'k on 
solar radiation is carried out by .the Division of Physics 
(see Section 2 of this Chapter) and cosmic ray investi
gations at the University of Tasmania (see Section 4). 

2. SOLAR PHYSICS. 

(Division of Pl1ysics.) 
(a) Emission of Rad·iafion from Hot A tmosphe1·es.

The emission of radiation from hot bydl'Ogen atmo
spheres, of considernble importance in the study of 
solar phenomena, has been examined for the case of 
high collision cross sections for transitions between 
the 2S and 2P substates of hydrogen. More reliable 
methods of calculating the emission have been 
developed, and a detailed study made of the value of the 
albedo for single scattering, on which the radiation 
intensi tics very largely depend. 

(b) Hirth Altit1ide S tation.-Plans h a,e been pre
pared for the establishment of a solar observational 
station on the Kosciusko plateau at an elevation of 
approximately 6,000 feet, where the skies are expected 
to be suitable for coronal observations and for hia-h 
l'esolutiott photography. 

0 

( c) Speclroheliogrn pli Observations.-The Labora
tory's spectroheliograph has beeu used during the past 
year mainly for testing instr umental devices to be used 
at the high altitude station which is to be established 
in the Snowy Mount.iins away from the poor atmo
spheric conditions in Sydney. 

3. RADIO AsTnONO:MY. 

(D ivision of Radiophysics.) 

Ob_servations of radio-frequency radiation from 
c:osnuc sources and from tho Sun have been continued 
and a number of new and interestiwr discoveries made'. 
The Division, recognized as one ol'the Jeadincr world 
c:entres for r esearch in the new science of radio 
astronomy, h~s n lready :pioneerrd and developed several 
new observut1ona 1 techniques and a further addition to 
the.~e has just been completed. T he ident ification of 
inereasiug numbers of discrete r adio sources has 
r rnatcd a demand for_ pei!ci~ be~m aerials of high aper
ture and angular d1scr1mmatlon. I n England this 
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challenge is being met by the constmction at Manchester 
of a steerable parabolic aerial of 250-ft. diameter, 
estimated to cost £500 000. The Division has evolved 
a method of obtaining 'an effective pencil b?am at ve1:y 
much lower cost by the use of two long thm arrays_ m 
the form of a cross, and an aerial of this form, havmg 
arms 1,500 feet long, has been erected near Sydney . . It 
operates at a wavelength of 3! m. a nd l1as a beam width 
of ¾0

• This system is extremely cfficic_nt at the wav~
length for which it is designed, but 1s not a multi
frequency system (as is a paraboloid) . The n~cd for 
a large parabolic aerial in the southern l1em~spbcre 
thus still remains and consideration has been given to 
the feasibility of erecting an imtrumcnt of this type 
in Australia. 

(ct) R adio Wa.ves from Oulsicle the 8olar Sys(em.
(i) Discrete Somces.-Obscrvations of the discrete 
rndio sources lrnYe been continued at a number of fre
quencies with the object of accurntely fi~i1;1g the po_si
tions 0f those already known, of dctcr~rnmg the size 
and bria-l1t11ess distributioll of th<J more mtense sources, 
and of locating new onef'. Prominent among the _latt~r 
hns Geen the discovcr_y of a sti·ong source wluch _is 
almost certainly tl1c uudeus of our own Galaxy, wl:1le 
for the :first time one of oul' nearest external galaxies, 
tlic Cloud of 1L;gcllnn, IHI$ nlsr, hccn ident.ified ns n 
rndio ,ou ref'. 

Thr• $izc a n<l sliape of the strongef't son recs, Taurus 
A, Virgo A, and Centaurus J\ , h:1,,e he<'n ~tudied in 
clf'to il aml fo1rnd to corres pond clnsely ll'itli t l1ose of th1· 
visiblr. object)' ( nclJll lnc) with ,,·hicl1 tlie.v hn ve hl'l'll 
identified. 

Additional i11foru1ation on tltc distribution of cosmic 
noise 0Ye1· the sky at low radio frequencies has been 
provided by the comJJletion of two su l'veys, one at. lS.3 
and the other at 9.l5 :M:c/s. 

(ii) Line Envission fl'o-m llw Galaxv.- Thc only line 
rmission from the Galaxy ,that has so far Leen detected 
is tl1at. from atomic l1ydrogcn at a frequcmcy of 1420 
Mc/s. Dur ing the yCJ111· a en reful search for a sorne
wlrn t nnnlogo11s clcutcrimn line wad ca l'ried out iu 
selected regions of the sky, but no radiation at th is 
frequency (327.4 :Mc/s.) wris obscl'\"e<l with a r eceiver 
capril1le of recording rl111ngcs in ncrial temperature of 
as litt le as 1.5° IC 

A suncy of the clistribution of atomic hydrogen over 
the :Magellanic cloucls has been completed. Tl1is has 
provided much more information about 1·adial Yelocit ic::: 
within the clouds than was pre,·iou~ly a"ailable from 
optical studies, and has ~hown tlrn t cacl1 cloud is rotat
ing. Furtl1er, the mass of each cloud can be determined 
from the lmowlcdge of this rotation, so that tl1c radio 
obserrnt.ions pro,·ide information on hot.h tho mas~ of 
hydr,,gcn, and the tota 1 mas8. 

Tlw 1120 J',fo/s. l'adiation from the southern ]l[ilk;v 
W:1y is uow being studied in detail with a view t.o 
d0lincating tl1e spi.rnl $t.ructnre of ou1· own Galaxy. 

(b) Rarl£o lVu;11es from f;J,e Sw1.-Hontiue obserrn· 
tions of the intensitJ of radio radiation from. the Snn 
have been ro11tinucd 011 frccp1eneies of G2, 98, 200, 600, 
1,200, :l,000, aucl 10,000 Mc/s. These arc pnblished in 
the Q1111rterly Bulletin on Solar .Activit.y of the Iutcr
nati01!1d Astronomical Unio11, the Di.vision having 
ace<'pted the rcsponsihili ty for editing the sola1· radio 
wave ~e<: tion of this Bulletin. 

A 11 addition }urn hecn made to "he Dfrision's :J2-
0len,<'nt iuterferomcter-thc lll0$t highly rlircctional 
n0ria 1 system yet constrnctrd-by a fu rt1•er sixtcc11 
t'lemonts in a pl::me at right angle~, so that the Sun's 
rfok r~n be scanned in two directions at right angles. 
A seri<'s of obser va tions with the original Past-west 
~ystem luis confirmed the existence of limb b1·ightcning 
dterts. conforminp; well with theoretical r esults derived 
rarlici by the Division and appaJ·eutly confiictiuir with 
some earlier Engli~h observations. 'l'hc Mm binccl 

nortli-south and east-west systems are being used to 
determine tl1e two-dimensional brightness of the quiet 
Sun at a wavelength of 21 cm., aud the relationship 
between radio bright areas and visual features of the 
Sun's surface. 

Despite the fact that the Sun has been relatil-ely 
inactive ( owing to its present position in the sunspot 
cycle) two interesting new discoveries have been made 
with the Division's wide-range radio-frequency 
spectrograph. The first is that those special short-lived 
disturbances known as "outbursts" and "isolated 
bur$tS" radiate also at double the frequency, i.e. the 
fundamental is accompanied by a second harmonic com
ponent. The mechanisms giving rise to radiation from 
the disturbecl Sun a re not, folly understood, but these 
ohserrntions at once rule out, discontinuous processes at 
the source nnd suggest plasma oscillations, excited in 
the solar corona as a cloud of corpuscles is ejected 
through it, as a plausible and likely source. The second 
discovery is that it is the r ule rather than the exception 
for "isolated bursts'.' to show a rapid drift towards 
lower frequencies-very much more rapid than that 
shown by "outbursts". These observations indicate 
that the Sun intermittently throws out clouds of 
particles n t a bout one-third the velocity of ligl1t. These 
r.jcctions arfl ~ome hundreds of times faster than any 
prnviously known and may provide a clue to the origin 
of <·Mmic rays. 

4. Cosi\nc RAY REsJ<:ARcn. 

(University of Tasmania.) 
Directiona l measurements of the cosmic ray intensity 

at Hobart lrnn~ bP-en continued during the year. The 
equipmeut, which belongs to the Australian National 
Antarct,ir Res('arch Expedition, is being maintained 
and operated by Mr. R. M. Jacklyn. Data from these 
and curlier measurements are being examined, and 
should lead to publication on the diurnal variation of 
tl1c east-wost asymmetry. 

XXX. MATHEMATIC.8 AND MATHEMATICAL 
STATISTICS. 
1. GENERAL. 

Mathematical work plays an important part iu all 
pbns<'s of the Organiza.tion's rc~earch programmes. .\ 
sepa1·'.l.te D ivieion of Mathematical Stati~tics is main
tained to provide workers in the various Divisions nnd 
Sections with special ized help in planning their 
researches and analysing their experimental results. 

Work on mathematical instruments and mechanical 
and electrical methods of computation is undertaken in 
the Section of lvhthemntical Instruments. 

Work on computing equipment is also un~ert:.ken 
in t-b<' Division of Electrotecbnoloey (.~ee 8ert10n 4 _of 
tl1is Chapter) and in the D ivision of Radiophysics 
(see Section 3 of this Chapter) . 

Div·ision of }.fathem,atica.l Sta#stics.-One of the 
main functions of this Division is to provide statistical 
assistance for officers of the Oriranization in the plan
nino- of experiments aud the interpretation of exneri
me;t:il resn lts. As a consequence, much of the Divi
sion's work is collaborative, and is descri?ed at ap1?ro
pda te pla,ces in otl10r chapters. In this connex10n, 
major develomnents durin~ the past year have been the 
posting of Divisional officers to three new ce11t1·es
the Coal R esearch Section, Ohatswood, New South 
Wales. the Fesrional Pm,t."n1l T,Abor1tory, A1·rnidale. 
New South Wales. and the D ivision of Plant Tnclustr:v, 
Brisbane-and furthPr expau~i"n at t11e MrMaster 
Labon1tory and the Division of Food Pr<' 0 P1·v11tion and 
Transport. in sccordanre with the phn of development 
marle some time ago. 

T l1e estahlishment of a Division in lieu of the former 
Section also constitutes a major change. 
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Much assistance has been given to oulsidP hodic~ 
such as Commonwealth Departments, State Depar t
ruents in all States, the universities, ·and commercial 
euterprises. Notable instances are co-operation with 
the Department of Territories in connexion with work 
for tho Papua and New Guinea Depar tment of Ai_p-i
cnltme, Stock, and Fisheries, and with the sampling 
ond census smveys organized for t,he So11tb Pacific 
Commission. 

The Divisional staff held i ts first conforenre during 
Ille year, and the most important outcome was the 
exchange of a great deal of information on problem~ 
confronting staff officers wherever situated. . 

Work on the analysis of rainfall records, dcscnbcd 
in previous Reports, has been completed. 'rhe s_tatisti
cal studies of sheep breeding in collaboration with the 
Division of Animal Health and Production are de
scribed in Chapter VII., Section 14. Other items of 
research undertaken by the Dfrisiou are described in 
tJ1is chapter. 

Following the return of an officer from a period of 
special training overseas, the Division is vigorously 
working on a programme of research in various 
theoretical aspects of mathematic'.tl statisl;ics wh ich 
have immediate and important applications. 

Mathematical Instr1irnen/;s Section.-During the past 
year the Section has been concerned primarily with 
the use of the differential analyser in solving problems 
occurring in the electrical supply antl cbt•mical indns
t1·ies, in research in the ionosphere, imd in tho theory 
of globular clusters. 

The development of two types of beam deflection 
valve for carrying out logical operations in an elec
tronic computer is now complete. Patent application~ 
have heen lodged. 

2. ANALYSTS. 

(Division of :Mathematical Statistics.) 
( <t) 111ultivariate Analysis. - The non-central 

Wishart distribution, n. basic distribution of multi
variate analysis, has been derived. In the course of 
this work, a generating function for averages over the 
or thogonal group was required, and this has been 
obtaiJ1etl. .As this generating function is of consider
able mathematical importance, its properties are now 
being investigated using the theory of group repre
sentations, and also its application to the <:alcula tion of 
the conditional moments in Bartlett's expansio11 of 
the general canonical conelation distribution. 

(b) 1lfoltivariatc t-D'ist1·ilmtion , - The mnlti-
rnriate t-clistributio11, which arises in associµtion with 
a set of normal sample deviates, has been obtained aml 
its principal properties determined. The discovery 
of this exact distribution has opened a i1ew field, ancl 
the i1west.igations made to date have yielded a nuru bcr 
of oxoct sampling distributions analagous to those which 
linv<.> been derived for sampling from a normal distribu
tion. An immediate application of this work lies in 
t.he proYisi:m of (>Xact tests of departure from normality 
for small samples. 

( c) Distribiition of Range in N 9n-nor1nal Pop1tla
tions.-The range has long been employed ns a measure 
of dispersion in samples from a normal population. 
Of particnlar importance is its application to quality 
control by variables where the control limits :nc based 
on constnnts involving the expectation and porcentnge 
points of the range of a cel'tain number of independent 
11nit normal variates. The corresponding prob::ihilit.Y 
i11tegrnl · is evidently of fundamental ·importance ancl 
lias been tabulated by other workers. 

Comparntively little is known about the distribution 
of rnngc when tho parent population is non-nornia], 
although useful information, based mostly on s::impli11g 
oxperimr.nts, has been obtained. In this investigation, 
explicit expressions for the expe·ctation 1111d probability 

integral. of the 1'ange fo_r a number of_non-no:·ma_l popu
lations have been derived, and then apphcat1ons to 
quality control obtained. 

(d) The Hyper-Graeco Latin Square.-The applica
tion of the graeco- and hyper-graeco latin square designs 
in experimental work has been known for some time, 
but very little information bas been given regarding 
their statistical analysis. The object of the pr~sent 
investigation has been to make good this deficiency, and 
detaile~l methods for the nalysis of these types of de.sign 
have now been worked out. 

( e) Sta.tistical Studies on Sheep B1·eeding.-Tbese 
collaboratiYe investigations between the Division of 
M atbematical .Statistics and the Division of Animal 
Health and Production have continued and are reported 
rn Chapter VII., Section H . 

3. HroH SPEED OoMPUT.A.TION. 

(Divi$ion of Radiophysics.) 
Although it has not been possible yet to complete the 

electronic computer in accordance with the original 
clesigI1 specification, it has been extensively used on a 
wide range of prol)lems during the past year. Many 
of these calculations were too large or too complicated 
to be performed by any other means. The machine 
has operated at reasonable efficiency, despite the fact 
tlrnt work is proceeding on the r ectification of technical 
deficiencies in some of the corupouents, and promises 
to be n. thoroughly useful device. 

Wark completed dul'ing the year includes the follow
ing ealculations, which indicate the wide range of 
npplicalion of the machine: 

( i) Oomputation of the relative compositions by 
weight of all permissible chemical com
pounds of carbon, hydrogen, and oxygen 
(40,000 values) . 

( -ii) Analysis of data from experiments on pro
cesses involved in coal briquetting. 

(jii) Evaluation of special integrals and :Fourier 
transforms involved in radio astronomy 
problems; of polar diagrams for various 
design parameters relating to large-:iperture 
aerials ; and of the expected energy dis
tribution across celestial objects of definite 
shape. 

(iv) Calculations relating to water storage, includ
ing determination of design parameters for 
the proposed storage scheme at Blowering, 
New South Wales. 

( ,. ) Correbtion analysis of 100 ;years of daily rain
fall i'or Sydney; calculations of functiops 
involved in the statistical theory of 
coalescence of raindrops ; and tjme-series 
analysis of daily rainfall for selected 
stations throughout the world. 

(ri) Calculations relating to the srattcri.ug of eler
trons by metal foils. 

(vii) Tabulation of the complex refractive index 
of the ionosphere, according to the 
A.ppleton-Hartree formula. 

( ,·iii) The evaluation of various functions arising 
in the structural design of air frames. and 
in problems in optics. 

,J:. ELECTRONIO COll.iPUTATION. 

(Division of .Electrotechnology.) 
Some time ago an analogue computer foi- deter

mining electron trajectories was bui1t in conjunction 
1rit!1 th~ E lectrical Engineer~ng Depart.ment of Sydney 
tTmver s1ty . Although maehmes of this kind are very 
useful in electronic design, it has been recoanized that 
t.hey are limi ted to problem& from which bo·th space
charge and magnetic fields Rl'e absent. Methods have 
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been developed to extend the range of t he computer 
to certain space-charge and magnetic problems and in 
recent tests a number of these were sol ved successfully. 

5. DIFFERENTIAL .ANALYSER. 

(Mathematical Instruments Section.) 
The differential analyser bas been engaged on 

ocveral long-term problems; the results of two are 
nlmost ready for publication and t.he others are 
np_pro::iching completion. 

:Extensions are steadily being made to the analyser to 
meet the requirements of 11ew problems as they arise. 
In particuliq·, a new form of adding unit has now 
replaced the differentials formerly used for addition 
nn<l subtraction, and is giving very satisfactory 
results. An improved type of transmitter for the inde
pendent variable is being developed and early tests are 
p,·omising. 

.Attention is now being given to t he introduction of 
digital techniques into a:nalogµe devices such as the 
differential analyser. 

:XL-YI. PUBLICATIONS AND INFORMATION. 
1. GENERAL. 

The Organiza tion's research results are made avail
n ble through various channels. 

Formal scientific publication is supplemented in 
several ways ; by the preparation of films (Section 4 
of this Chapter) which may, for example, give a farmer 
or extension officer more help in diagnosis of animal 
diseases than would a list of d inical data; by the con
tinuous and close contact with industry of officers of 
the D ivisions and Sections, through whom much infor
mation-derived from the literature, accumulated 
knowledge and expe rience, and current research-is dis
seminated; by the provision of facilities for guest 
workers in laboratories; by the publication of trade 
circulars, JJe\\"sletters, and ar ticles for trade journals; 
by press releases; by lectures and short -0ourses of 
specialized training; a11d by the organization of 
specialist conferences. 

The application of research in the primary iudus
tdes is being assisted by t he work of the Agricultural 
Research Li:iison Section established in 1951 (.Section 
8 of this Chapter) . 

Other sections of this Chapter describe the work of 
tho Organization's libraries (Section 5) i the TraJJS
lation Section (Section 6) ; the Infol'mation and Docu
mentation Sections (Section 7); and tbr oversras 
Liaison Offices (Section 8). 

2. :ru n LICATIONS. 

In collaboration with tho Australian National 
Research Council, the Organization now publishes the 
following eight scientific periodicals :-

_,J nslral·ian J 01irnal of 11gricultitra l Research. 
Issued quarterly. 

Australian Journal of Applied Science. I ssued 
quarterly. 

Attstral-ian Journal of Biological Sciences. Issncd 
quarterly. 

1.btstralian Journal of Botany. I ssued as 
material becomes available. 

Ausfral-ian J onrnal of Ohemislry. I ssued 
quarterly. 

A 1tstralian J 01irnal of Jl1 a,,-ine arul Freshwater 
Resecr,rch. I ssued as material becomes available. 

A1Mtralian J9urnal of Physics.- Issued quarterly. 
J)..11sf.ralian J our-nal of Zoology. I ssued as material 

becomes avail:i,ble. 
. General editorial policy is decided by an Editorial 

Board comprising D r. N. S. Noble ( O~airman), Pro
fe§sor J. S. Anderson, Professor 811' Macfarlane 

.Burnet, Pro£e1;sor L. H. Mar tin, and P rofessor J. G. 
Wood. Editorial Advisory Committees are responsible 
for editorial matters affecting each individual journal, 
and members of the Board serve on appropriate 
journal committees. 

Tlrn Royal Austra lian Chemical Institute col
laborates in the publication of the Australian Journal 
of Qhernistry, the Institute of Physics (Australian 
Branch) ,collaborates in the publication of the Aus
tralian J ourncil of Physics, and the Australian 
Veterinary Association and the Australian Institute 
of Agricultmal .Science collaborate in the publication 
of the 1111st?-alian J 011rnal of Agricultural Re$earch. 

The Organization's research results are published 
in the above-mentioned journals, in its Bulletins and 
the Technical Papers of its Divisions and Sections, 
and in special series such as the Land Research series 
and the Soil Publication series. Many research I?apers 
are also contributed by offi.cers of the Organization to 
specialized scient ifi,c journals both in Australia and 
overseas. 

The journals listed above are open to recei ve con
tributions of merit from research workers, irrespec
tive of -country or of the organization to w]Jich they 
a re attacl1ed. Many papers from workers in .Aus
tralian universitirs and a limited number from over
seas have been published and the marked in-crease 
in the annual volume of the journals represents grow
ing support from all sources. 

A complete list of scientifi.c papers published dur
ing the year by officers of tbe Organization will be 
found in Cbapter XXXIV. 

Other publications issued by tl1e Organization dur
ing tho year inolude-

(1) Volume II. of a monograph: "The Grass
hoppers and Locusts ( Acridoidea) of Aus
tralia ", by Dr . .James A . G. Rehn, dealing 
with pa1·t of the family Acrididac. Dr. 
Rehn, who is curator of Insects at the 
Academy of Natural Sciences of Phila
delphia, is a world authority on this group. 

(2) Supplement to the second edition of the 
" U nion Catalogue of Scientific Periodicals 
in A.ustr:1lian Libraries ", listing nearly 
2,000 new titles u1cluding the large number 
of scientific and technical periodicals, both 
British and foreign, which have appeared 
in the p ost-war period1 and showing many 
changes in the names of institu tional and 
government organizations. 

(3) T he trade publication of the Dfrision of Food 
Preservation and Transport-the F'ood 
P·1·eservalion Quarterly-which has been 
published regularly since 19'41, has with 
Volume 14 assumed a new format and a 
more attractive presentation. 

8. L I A]SON JIETWEEN AGRICUL'l'UR,\I, RES:\,4RCH; iND 

EXTENSION W ORI<.. 

The Agricultural Research Liaison Section was 
formed mainly to ensure th:.tt the Organization's 
research results were made available to State Depart
ments of .Agriculture for use in their extension work 
with farmers. The work of the Section is concerned 
mainly with marshalling important research material 
and presenting it in suitable form tlnough publications 
and at conferences with State extension authorities. 

. Officers of the SectiQn must necessarily keep in touch 
with both research and extension organizations throu"'h 
personal contacts, int'luding visits to research cent;es 
and attendance at conferences. Discussions \vith State 
a_uthorities are leading to a ,closer r esearch-extension 
lmkage 1·egarding the special problems of important 
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regions. In some instances it has been shown that a 
relatively s1nall increase in experimental work can 
multiply the practical effect of more fundamental 
research. 

(a) P11blications.-The periodic~! Rnrai Research 
in O.S.I.R.O. h:1s now been established as a 32-page 
quarterly, and is meeting a demand for a clear and 
concise description of aspects of the Organization's 
research which can have important practical appli
cations. Subjects requiring morr:, detailed tre:itment 
ore appearing in tbc Organization's "Leaflet" series. 
Numbers 7, 8, and 0, published <luring the year, dealt 
with various aspects of beef cattle nutrition. 

(b) C'onferenr.es.-Incrcasccl interest in agricultural 
extension work has followed the Commonwealth exten
sion grant to St:ite Departments for the general pur
pose of increasing agricultural production, and in 1053 
the first Aui,tralia-wide conference on extension work 
was held in Adelaide. The Section participated in this 
conference, which discussed new developments in the 
extension field and made important re<:ommendations 
to the Commonwealth Government's Standing Com
mittee on Agriculture. 

Conferences between research and extension officers 
were held to de1l with recent research results requir
ing more detailed explanation and discussion. The 
1952 conference-tour of the Southern Tablelands of 
New South ·wales was followed by an equally success
ful tour of the N cw England region in the spring of 
1953. About 26 research and extension officers, 
including representatives of the Queensland Depart
ment of Agriculture and Stock and tl1e Commonwealth 
Bure:iu of Agricultural Economics, discussed research 
in progress at experimental sites and reached agree
ment on important practical conclusions. The New 
South Wales Depar tment of Agriculture compiled a 
detailed record of the proceedings, which will be an 
author itatiYe source on which to base further rersearch 
and extension work. 

The Section was responsible for the orgwization of 
a conference on fleece measurement for flock improve
ment held in Sydney in May, 1954. This concerned 
work of the Organization and of State research 
workers which has shown that a selection procedure 
based on methods of measurement as an adjunct to 
sheep classing can subst:intially increase the produc
tion of present flocks and double the r ate of genetic 
improvement. A leaflet is being prepared setting out 
this work in more detail. 

The Section participated in the preliminary organi
zation for research-extension r.onforences to be held 
later in 1954. A. conference-tour of the Coonalpyn 
Downs in .South Australia will include consideration 
of the Organiz::ttion's research in t,hat region and wi11 
be of value in tbe development of similar country 
across the Victorian border. A pasture inigation con
ference will talce about 60 delegates from all States 
through centres of research n nd of pra-ctical interest 
iu Victorin and the Riverina (New South W:iles) . 

(c) F'·ilms.-The Section works with the Film Unit 
in the production of films on rural topics and with 
the ar t work associated with the Unit's general 
activities. 

(d) Ingniries.-About 1,000 inqufries were r e<:eived 
during the year from extension workers, research 
officers, schools, pastoral companies, banks, individual 
farmers, and others interested in the agricultural 
development of Australia. Many were answered direct 
and others were referred to appropriate research or 
extension authorities. In several instances the re
quired information was supplied in the £;rm of a 
report based on material obt1ined from sevP-ral different 
authorities and collated by tho Section. 

4. FILM UNI T, 

Duri11g the year, the following films were com plcted 
and released :-

Bovine Contagious Pleuropneumonia- 16 mm. 
colour, sound, screening time 27 min. Produced 
in collaboration with the Departments of /i.o-ri
rulture in Victor ia, N ew -South Wales, ~nd 
Queensland, this film traces the introduction 
and spread of the disease throughout the con
t,incn t, and the nature of past and present 
research work of the Division of Animal Health 
and Production. 

Design foi· Irrigatio~J6 mm., colour, sound, 
screening time 18 min. Produced in collabora
tion with the Murruml)idgee Irrigation Areas 
Agriculturnl Service of the New South Wales 
Depar tment of Agriculture, this film uses a 
model of an actual, typical irrigation holding 
to show how to survey and lay out a new i rri
gation area, and how to redesign an existing 
planting to remedy typical faults. 

The Sharpening and Maintenance of Power Sciw 
Ghains-16 mm., black and white, sound, screen
ing time 13 min. P roduced in collaboration 
with the Division of Forest Products, this film 
is designed to instruct chain saw operators in 
how to keep their equipment in efficient operat
ing condition. 

'l'hc Argentine Ant- 1.6 mm., colour, sound, 
.screening time 10 min. This :film, released in 
tbe pre,~ious year, has been modified to make 
it more suitable for use by local hea.lth 
nuthorities. 

Films on the following subjects are in the course of 
prod aci ion:-

'l'he Mutton .Rirds of Bass Strait- 16 mm., colour, 
sound. This film has almost been completed but 
awaits a sequence depending on seasonal 
conditions. 

Two Blades of Grass-16 mm., colour, sound, 
being produced in collaboration with the New 
South Wales Department of Agriculture. This 
film shows the role of a vigorously growing 
l egume in pasture improvement and crop rota
tion in southern Australia. 

Snppiy and Drainage Ditches- 16 mm., colour, 
sound, being produced in collaboration with the 
New .South Wales Department of Agricultun1. 
This film shows the eorrect design, layout, and 
construction of supply and drainage ditches. 

W ar Against the Rabbit- 16 mm., colour, sound, 
being produced for the Victorian Department 
of Land and Smveys. This :fi lm describes tho 
steps necessary in tackling the problem of 
eradic1tion of rabbi ts. 

Acute Phf!laris Staggers i?-1, Sheep-1.6 mm., black 
and white, sound. The film records the appear
ances and symptoms of acutely affected experi• 
mental sheep grazing on predominantly phalaris 
pastures. 

.Meiosi~-16 m.m., <:olour, sound, describing in 
detail the stages in the chromosome reduction 
cl i vision of cells. 

5. LrnMRIES. 
A Supplement to the Union Ootalogue of Scwntific 

Periodicals in A11stralian J_,i,bra.ries has been pul)lisbed 
during the year. This Supplement covers the titles of 
1926 new periodicals which haYe commenced publica
tion between 1946 and 1952 only, and is au indication 
of the considerable increase in scieniiJfo publication 
in the post-war years. The number of co-operating 
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lib~·aries in this Supplement remains much the same 
as In the second edition, which appeared in. 1951: '1'~1ere 
have, however been a number of alterat10ns m titles 
aud addresses'. Arrano-ements are now being made 
~or the preparation of° a complete supplement which 
it is hoped will appe1r within the next two years. 

The National Library, Canberra, has now included 
the Organization's Head Office library as one of the 
depository centres for cards of their Union Cal:alogue 
of P eriodicals in the Soc1:al Sciences and Humanities. 
This, when used in conjunction with the Union 
Gatalogne of Scientific Periodicals, makes it possible 
to trace almost all the periodical literature available 
in libraries in thP. Commonwealth. 

The Organization's library system now consists of 
the library at Head Office and 37 branch libraries 
speci:ilizing in the subject-matter of most use to the 
Division, Section, or Laboratory to which each is 
attached. Practically the whole of the material is 
fully catalogued, and with the except of subject entries, 
cards for all holdings are available in the <:entral c:tta
logue held at Head Office. 

A system of multiple loan forms is used between the 
libraries for locating and lending material, which 
reduces clerical work to a mi11imum and makes the 
contents of all the libraries available to officers any
where. 

,Se,·eral of the Divisioual libraries h:we installe<l the 
small portable units ·which are now avail able fo1· 
photographing and developing library material in sifo. 
This equipment helps to solve the problem of making 
joumal matcri:i.l available when the publications them
selves cannot be spared from the library. 

With the i11crease in volume and substance of pub
lications issued by the Organization, the exchange 
position continues to improve and material is being 
received from research institutions throughout the 
world. This is not confined only to per iodicals and 
serials, but frequently includes even text-books supplied 
to complete the documentation in various fields. 

6. TRANSLATION', 
The Translation Section has performed translation, 

both written and oral, for the Organization's Divisions 
and Sections. Some slight assistance in oral transla
tion has been given to other governmental bodies and 
scientific workers. Owing to difficulty encountered in 
staff repl:i.cement, a considerable amount of work has 
had to be sent to outside translators. 

The Section has acted as Australian agent for tho 
Index of Translations of the British Commonwealth 
Scientific Office. A reference card i11dex of avail
able translations h:i.s been kept and its existence adver
tised. The use made of it has not been extensive. A 
large number of cards relating to translations held by 
the Library of Congress in the United States have 
been received by the Section and added to the inde)<. 

The languages handled by the Transbtion Section 
are : German, Dutch, Swedish, N orwcgian, Danish, 
I celandic, Latin, French, Italian, Spanish, Por tuguese, 
H ebrew, Russian, Polish, Ukranian, and Lettish. 
For other la11gu1ges, use is made of a panel of outside 
translators. 

7. INFORJ\IA'l'ION AND D ocu:t11ENTA'l'ION . 

The bulk of the information work undertaken by tl1e 
Organization is still handled by the Divisions and 
Sections, as a result of direct inquiries. A small infor
mation staff attached to the Secretariat, whose main 
duty is to refer inquiries to the specialist either within 
or wi thout the Organization, is maintained at Head 
Office ; in the course of this work, however, a large 
number of inquiries which involve correspondence and 
the making of literature surveys are handled direct. 

8. OvmisEAS L IAISON OFFICES. 
The Organization has .Scientific Liaison Offices in 

London and Washington as constituent units of tLe 
B ritish Commonwealth Scientific Office (London) and 
the British Commonwealth Scientific Office (North 
America). T hese offices maintain dose contact with 
overseas scientific developments and also act as bases 
for visitors and research students from the Organiza
tion and for other visiting scientists. 

In Lo11don, the Chief Scientific Liaison Officer has 
represented Australian interests at a number of inter
national and United Kingdom scientific conferences 
and committees, and thus developed closer contacts and 
understanding on m111y matters. The London Office 
has materially assisted with regard to the enlistment 
of research staff, not only in tbe United Kingdom but 
also in other European countries, especially Holland. 
The Washi11gton Office has also contributed greatly to 
Australian representation at conferences and meetings 
l1eld in the United St:ites of America. 

XXXII. PERSONNEL OF COUNCIL AND 
COMMITTEES. 

1. Exi~cUTIVE. 
S ir Ian Chmies Ross, C.M.G., D .V.Sc. (Chairman) . 
F . W. G. White, C.B.E., M.Sc., Ph.D. (Chief Executive 

Officer ). 
S. H . Bastow, D.S.O., B.Sc., Ph.D . 
H . J . Goodes, O.B.E., B.A. 
A. B. Ritchie, M .1\.. 

2. A DVISORY COUNCIL. 
Chairman. 

Sir Ian Clunies Ross, C.M.G., D.V .. Sc. 

Execntive. 
( See above.) 

Chairman of State Committees. 
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 Australia- Professor J . G. Wood, Ph.D., D.Sc. 
Western Australia-Pr ofessor E. J. Underwood, 

B.Sc.(Agric.), Ph.D. 
Tasmanil-S. L. Kessell, M.B.E., M.Sc., Dip.For. 

Co-opted Members. 
D. T . Boyd, C.M.G. 
L. B. Bull, C.B.E., D.V.Sc. 
Sir Macfarlane Bumet, M.D., Ph.D., F .RS. 
The Hon. 0. McL. Falkiner, M.L.C. 
W. A. Gunn. 
D. R. H awl;:es. 
E. H. B. Lefroy. 
D. Mackinnon. 
I. M. McLennan, B.E .E. 
Emeritus Professor Sir John Madsen, B.R, D.Sc. 
Professor L. H. Martin, C.B.E., Ph.D. 
Professor D . 1vL Myers, B.Sc., D.Sc.Eng. 
P rofessor M. L. Oliphant, M.A., Ph.D ., D.Sc., LL.D., 

F.R.S. 
G. B. O'Malley, B.Met.E. 
Sir David Rivett, K.C.M.G., M.A., D.Sc., F .R.S. 
Professor S. M. W a<lhnm, M.A., Agr.Dip. 

Professor J. 
(Chairman) . 

3. STA'l'E COMMITTEES. 

New South Wales. 
P. Baxter, O.B.E., B.~c., Ph.D. 

Emeritus Professor Sir 
V.D., B.E., M .M.E . 

Henry Barr:1clough, K.B.E., 

F. S. Dradhurst. 



HO 

V. J. I<' . Brain, B.E. 
J . N. Briton, :B.Sc., B.E. 
Sir l;Iarry Brown, C.M.G., M.B.E. 
,Profi:ssor H . R. Qa~·ne, D:V.Sc. 
$. F. Cochran. 
The Hon. O. McL. Falkiner, M.L.O. 
W. R. Hebblewhite, B.E . 
E. L. S. Hudson. 
The Hon. Sir Norman Kater, :i'.LL.C., M.B., Ch.:M. 
J . F . Litchfield. 
Professor P. R. McMahon, M.Agr.Sc., Ph.D. 
Sir Frederick McMaster. 
Professor J. R. A. McMillan, D.Sc.Agr., },lf.S. 
Emeritus Professor .Sir John Madsen, B.E.. D.Sc. 
J. Merrett. 
0. St. J. Mulholland, B.Sc. 
Professor D. M. Myers, B.Sc., D.Sc.Eng. 
R. J. Noble, B .Sc.Agr., M.Sc., P h.D. 
R. l?. Okeden. 
J. G. P eake. 
A. R. Penfold, A.S.T.O., F.R..A.C.I. 
Professor D. W. Phillips, B.Sc., Ph.D. 
H.F. Prell. 
L.A. Pockley, B.V.Sc. 
Associate P rofessor F . H . Reuter, Pb.D: 
T. 0. Roughley, B.Sc. 
J. P . Tivey, B.A., B.Sc., B.E. 
J. Vernon, B.Sc., Ph.D. 
Emeritus Professor W. L. Waterhouse, M.O., D .Sc.Agr., 

D.I.C. 
Emeritus Professor R. D. Watt, M.A., B.Sc. 
0 . M. Williams. 

Victoria,. 
R. S. Andrews, D.Sc. (Chairman). 
D. T. Boyd, C.M.G. 
N. K. S. Brodribb, C.B.E., F.I.O., M.I.P.E., 

A.R.A.C.I. 
Sir Macfarlane Burnet, M.D., Ph.D., F .R.S. 
L. B. Bull, O.B.E., D .V.Sc. 
J . R. S . Cochrane, B .Sc. 
G. A. Cook, M.O., O.B.E., M.Sc., B.H.E . 
Professor J . N. Greenwood, D.Sc., M.Met.E. 
Sir Russell Grimwade, C.B.E., B..Sc. 
Professor E. J. Hartung, D.Sc. 
H . Herman, D.Sc., M.M.E., B.C.E. 
Professor E. S. Rills, D.Sc., Ph.D., D .I.C., F.R.S. 
R. A. Hunt, D.S.O., B.O.E . 
Associate Professor G. W. Leeper, M.Sc. 
Emeritus Professor Sir Peter :tv.[acCallurn, M.C., M.A., 

M.Sc., M.B., Oh.B. 
D. Mackinnon 
I. M. McLennan, B.E.E. 
H. A. Mullett, B.Agr.Sc. 
G. B. O'Malley, B.Met.E. 
Si r David Rivett, KC.M.G., M.A., D.Sc., F .R.S. 
D. E. Thoma~, D.Sc. 
Professor J. S . Turner, M.A., P h .D., M.Sc. 
Professor S. M. Wadham, M.A., Dip.Agr. 
\V. E. Wainwright. 
L. J . WeatherlPy, M.A. 
Emeritus Professor H, A. Woodruff, B.Sc. 
'•le , I 

Q ueeri sland. 
A. F . Bell, M.Sc., D.I.C. (Ghairrnan). 
R. J . Donaldson, D .S.0., B.O.E. 
J . R. Duggan, B.Sc., B.E. 
Professor T . K. Ewer, B.V.Sc., Ph.D. 
V. Grennin!!'. 
W. A. Gun~. 
R. L. Harrison. 
P rofessor D . .A. Herbert, D.Sc. 
C. I-I. Jamieson. 
Professor T: G. H. ,Tones, D.Sc. 
N . J. King. 

.\. McCulloch, M.;E. 
Professor W. V. ;Macfarlane, .M.A., llLP., Oh.B. 
J . F . Meynink. 
J . Michelmore. 
I. W. Morley, B.M.E., B.Met.E. 
0. E . J . Murphy, M.D., M.Oh.M. 
Professor M . .Shaw, M.E., M.Mech.E . 
B. F lcwcll-Smitb. 
Professor W . Stephenson, B.Sc., Ph.D. 
W. A. T. Summerville, D .Sc. 
Professor L. J . H. Teakle, ]3.Sc.Agr., M.S., J>h.D. 
S. A. Trout, M.Sc., Ph.D . 
H. C. Urquhart, M.Sc. 
R. Veitch, B.Sc.Agr., B.Sc.For. 
Professor H. C. Webster, D.Sc., Ph.D. 
W. Webster, B.V.Sc. 
Professor F. T. M. White, B.Met.E., B.E. 
M. White, M.Sc., Ph.D. 
Associate Professor F. W. Whitehouse, D.Sc., Ph.D. 
W. Young. 

Sonth Australia .. 
Professor J . G. Wood, P h .D., D .Sc. (Ghainnrin) . 
A. J . .Allen. 
B. H. Bednall, B.Sc. 
A. R.. Callaghan, O.M.G., B.Sc., B.Sc . .Agr., D.Phil. 
Professor D . G. Oatc1ieside, 1\f . .A., D.Sc., F .R.S. 
S. B. Dickiusou, M.Sc. 
Emeritus Professor Sir K err Grant. M.Sc. 
0. Haselgrove. 
J . 0. Hawker, B.A. 
Hawkes, D. R. 
0. H. Heinrich. 
Professor L. G. R. Huxley, :M.A., D.Phil. 
W. S. K elly, O.B.E. 
R. N. McCulloch, M.B.E., D.Sc.(Agr.), B.Sc. 
H. R. Marston, F.R.S. 
Emeritus Professor Sir Douglas Mawson, 0.R.E. , 

D.Sc., B.E., F .R.S. 
Professor M. L. Mitchell, M.Sc. 
F . W. Moorhouse, M.Sc. 
F. T. Perry, :M.B.E. 
Professor J . A. Prescott, O.B.E., D.Sc., F.R.S. 
Professor E. A. Rudd, A.M., B.Sc. 
W. L. Sanderson, O.B.E ., M.0., O.deG. 
E. M. Schroder. 
A. :i.\L Simpson, B.Sc. 
Professor E. C. R. Spooner, B.E., D.Sc., D.Phil. 

Wes tern Australia. 
l?rofessor E. J. Underwood, B.Sc.(Agr.), Ph.D. 

(Ghairrna11;) . 
Professor N. S. Bayliss, B.A., B.Sc .. Ph.D. 
R. Bowley. 
.F . G. Brinsden. 
D. W. Brisbane. 
0 . R. Bunning, B.C.E . 
Professor 0 . J . Birkett Clews, B.Sc., Ph.D. 
Professor K. L. Cooper, B.Sc., M.A. 
A. J'. Fraser. 
B. J. Grieve, M.Sc., Ph.D. 
P . . H. Harper, B.A. 
A. C. Harris, B.Sc. 
G. K. Baron-Hay, M.C., B.Sc.(Agr.). 
E. R. B. Lefroy. 
Sir Langley Lefroy, M.C. 
E. Meecham. 
Professor R. T. Prider, B.Sc., Ph.D. 
Emeritus Professor .A. D. Ross, C.B.E., ~I.A., D.S,c. 
H . P . Rowfodge. 
W. J. Russell. 
G. L. Sutton, C.M.G., D.Sc.Agr. 
D. 0 . Temb.v, B.E. 
N. Tempe,·ley. 
Professor J{. Waring, D.Sc. 
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Tasmania,. 
S. L. Kessell, _.M.B.:E., M.Sc., Di~.For. (Chui1·man). 
Prnfessor H. N. Barber, M.A., I h.D. 
L. R. S. Benjamin. 
K. Bro<lribb. . . 
Professor A. Burn, M.Sc., B.E., L l,.D. 
A. H. Crane, B.Sc. 
F. H. Foster, B.O.E. 
T. A. Fraukcomb. 
F. W. Hicks. 
N. S. Kirby, B.E. 
A. W. Knight, M.E., B.Sc., B.Oom. 
F. H. Peacock. 
. J. Pearson, D.Sc. . . -. 
The Hon. Sir Rupert S hoobndgc, M.L.C. 
H. B. Somerset, M.Sc. 

4. Oollti\II'l"l'Et-; 01, REvrnw-Aomco LTUJuH. A?rn 

PAsTon.H, Pnonu:Ms. 
Sir Ian Clunics Ross, O.M.G., D.V.Sc., O.S.I.R.O. 

( G ha-ii-man). . . _ . . 
L.B. Bull, C.B.E., D.V.Sc., D1vmon of .\.umial Health 

and Production, C.S.I.R.O. 
O. S. Ohristiun, B.Sc.Agr., M.S., Land Research anti 

Regional Survey Section, O.S.I.R.O. 
H. 0 . Forster, M.Agr.Sc., Ph.D., C.S.I.R.O. 
0. H. Frankel, D.Sc., D.Agr., F .R.S., Division of Plant 

Industry, C.S .I.R.O. 
H . R. J\.fnrston, F.R.S., Division of Biochemistry and 

General Nutrition, O.S.I.R.0. 
A. J . Nicholson, D.Sc., Division of Entomology, 

C.$.I.R.O. 
F. N . Ratcliffe, B.A., Wildlife Survey Section, 

C.S.I.R.O. 
J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of 

Soils, O.S.I.RO. 
\V. Ives, iLEe., C.S.I.R.O. (Secretary ). 

5. Ooi\11110NW.BAL'l'll RESEARCH STATION, hlimnmN

TECH.NICAL 00MM1T'l'EE. 
Professor J. A. Prescott, C.B.E., D.Sc., F.R.S., W ait1: 

Agricultural R esearch Institute, University of 
Adelaide (Chairman). 

L. A. T. Ballard, Ph.D., M.Agr.Sc., Division of Plant 
Industry, C.S.LR.O. 

C. Bamard, D.Sc., Division of Plant Industry, 
C.S .I.R.0. 

E. J . Casey, Oommon"·ealth Dried Fruits Control 
Board. 

W. B . Rawson, representing Uonsnltative CommittcH. 
P. :Malloch, M.B.E., Commonwealth Dried Fruits CoH

t rol Board. 
J . K. Taylor, B.A., M.Sc., B.Sc.L\gr., Division of Soils, 

O.S.I.R.O. 
F. Penmnu, M.Sc., Uommonwcnlth Research Station, 

O.S.I.R.O., :Merbcin (Secrelai·y). 

G. Co:,OCONW£,\LTIC n~:SEAKCJI STATION, Mi,;nnEIN

CoNSULTATlVE OoM~H·rn:E. 

W. B. Jfawsou, First Mildmn Irrigntio11 Tnist 
(Chairman). 

L . W. Andrew, Waikeric, South Australia. 
N. J . Balcombe, Hobinvnlc. 
H. Broadfoot, Dcpn1·tmc11t of Agricultmc, N'cw St'>11th 

Wales. 
A. E. Cameron, Re<l Oliffs Settlement. 
E. J. Casey, representing Technical Coruniittet:. 
R. T. Cook, Curlwaa Fruit-growers' .ilssociation. 
D. W. Oockcroft, Nyah-Woorinon Enquiry Committee. 
C. E . Cole, 13.Agr.Sc., Department of Ag1·iculturo, 

Victorin. 
R Drummond, B.O.E., State River~ nml Wnte1· Suppl_v 

Commission, Victorin. 

R. K Ferguson, Dl'ied .Fruits Association, Woorimw. 
W. V. :Ford Mildura P ackers' Association. 
J. R. Gord~n, Citrus Growers' Association, Merbein. 
,L E. Har.cl, Dried Fruits i\ssociatio11, HcJ Ulitfs. 
S. Heaysman, Coomealla, New South Wales. 
G. Hobson, Nyah-Woorinen Enquiry Oommittee. 
F. J. Hollius, Wakool Land-Use Committee. 
H. Jackson, W akool Land-Use Committee. 
J. A. Lockhea<l, Mildura Shiro Council. 
A .. R. J\foDougall, J\forbein. 
P. Malloch, M.B.E., representing Technical Committee. 
F. S. Oldham, Dip.Agr. (W.A.), Department of Agl'i-

culturc, N cw South Wales. 
C. T. Polkinghorne, Loxton North . 
R. 0. Polkinghorne, N yab-W oorincn Enquiry Com

mittee. 
,T. L. Showell, Renmark I rrigation Trust. 
A. G. Strickland, C.B.E., M.Agr.Sc., Department of 

Agriculture, South Australia. 
G. S1ra11, Nyah-Woorinen Enquiry Committee. 
A. L. Tisdall, M.Agr.Sc., State Rivers and Water 

Supply Commission, Victoria. 
E. S. West, B.Sc., !LS., Irrigation Research Station, 

C.S.I.R.O., Griffith, New South Wales. 
0 . vVestc, Renmark, South Australia. 
F. Penman, M.Sc., Commonwealth Research Statiou, 

O.S.I.R.O., Merbcin (Secretary) . 

7. WAK001. LANo-UsE 0oM~I1"rEE. 

F . P enman, J\LSc., Commonwealth Research Station, 
C.S.l.RO., Merbein (Chairman). 

F. J . Hollins, W akool District Landholders' Associa
tion (Deputy Chairman). 

F. Bock, Tullakool. 
F. 1. Bolton, Water Conservation and Irrigation Com

mission, New South Wales. 
R. J. Han<;on, Rural Bank of New South Wales, 

Deniliquin. 
C. Hoocl, H.D.A., Department of Agriculture, New 

South Wales. 
R. W. Ilorn, Water Conserrntiou and Irrigation Com

mission, New South Wales. 
K. Rowe, Rural Bank of New South Wales, Deniliquin. 
L. A. J offers, W akool District Landholders' Associa

tiou. 
D. S. Jones, Tulia. 
D. F . Keeley, H.D.A., Department of Agriculture, New 

South Wales. 
W. McDermott, W akool District Landholders' Associa

tion. 
R. W. Prunster, B.Sc.(.Agric.), Regional Pastoral 

Laboratory. C.S.I.R.O., Deniliquin. 
W. R. A. Smith, Wakool District L:rndholders' Asso-

ciation. 
D. Thomas, W akool District Landholders' Association. 
A. Varcoe-Cocks, Wakool Shire Council. 
H. Jackson, W akool District Landholders' Association 

(Secretary). 

, . I1mtGATIO!'- R ESEARCH S·1wrroN, GnrFFlTH

TEOHNICAL Co::.1J11tTTEE. 

H. N . England, B.Sc., Water Conservation and Irri
o-ation Commission New .South Wales. 

0.
0 

H . Frankel, D.Sc.1 D.Agr., F.R.S., Division of 
Plant Industry, U.S.1.R.O. 

F. P emn:m, M.Sc., Commonwealth R esearch St.ation, 
O.S.l.RO., Merbein. 

Professor J . A. Prescott, C.B.E.1 D.Sc., F.:n.s.,. WaiLe 
1igric11ltural Research Institute, Umvors1ty of 
..ldelaidc. 

,] . K. Taylor. B.A., .M.Sc., B.Sc.Agr., Division of 
Soils, C.S.I.R.O. 

\T. C. Williams, representing Irrigation ·Research and 
Extension Committee. 

E. S. W,:st, B.Sc., ~1.S .. Irrigation Re~l'lll'Ch Station. 
Griffith (Secretary). 
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9. !RIUGATION RESEARCH AND Exn:NSION Cmn,nT'I'EE 
( M UllRUMBIDGEE Innrn.11.·noN AREAS) . 

V. C. Williams, Griffith Producers' Oo-operatfre 
.Society ( Chairm.an) . 

A. E. Bowmaker, Rice Growers' Association, Leeton. 
J. 0. Byrne, Leeton Uo-operative Cannery. 
E. S. Obyton, Soil Conservation Service, New South 

Wales. 
P. Crook, M.I.A. District Council of Extension 

Groups, Hanwood. 
G. S. Denne, M.I.A.. District Council of Extension 

Groups, Leeton. 
H . N . England, B.Sc., Water Conservation and Irri

gation Commission, New South Wales. 
B. 0. I!'rench, B.Sc.Agr., Department of Agriculture, 

Yanco, New South Wales. 
G. E. n. Good, Rural Bank of New South Wales, 

Leeton. 
J. E.. Harris, Leeton Fruit Growers' Co-operative, 

Leeton. 
S. J . Hinton, Rice Growers' Association, Leeton. 
W. N . Hogan, M. I.A. District Council of Extension 

Groups. 
H. J . Hynes, D.Sc.Agr., M.S., Department of Agri

culture, New South Wales. 
E. R. Iredale, Inig::ition Agency, Rural Bank of New 

South Wales. 
R. McLeary, M.I.A. Vegetable Growers' Association, 

Leeton. 
Professor J. R. A. McMillan, D.Sc.Agr., J\.LS., Uni

versi ty of Sydney. 
H . J\fallaby, H .D.A., Water Conservation and Irriga

tion Commission, N cw South Wales. 
F. Penman, M.Sc., Commonweal th Research Station, 

C.S.I.R.O., Merbein. 
R. W. Prumter, n.Sc.Agr., Regional Pastoral 

Labor::itory, C.S.I.R.O., Deniliquin. 
C. E. Sharam, Rice Growers' Association, Griffith. 
.l. H. Skepper, H.D.A., Department of Agriculture, 

Leeton, New South Wales. 
D. V,. Walters. M.Agr.Sc., Department of Agriculture, 

New South Wales. 
E. S. West, B.Sc., ~LS., Irrigation Research Station, 

C.S.I.R.0., Griffith. 
.!i. J . Grassby, M.I..A. Agricultural Service 

( Secrelary). 

10. REGIONAL PAs-ron.11.L L Ano1tATORY, DBNILJQUIN

T:i,;cuNICAL CoMMITTEE. 

0. H . Frankel, D.Sc., D.Agr., F.R.S., Division of Plant 
Industry, C.S.I.R.0. 

L.B. Bull, O.B.E., U.V.Sc., Division of Animal Health 
and Production, C.S.I.R.0. 

H. N. England, B.Sc., Water Conservation and I rri
gation Commission, New South Wales. 

T. J. Marshall, M.Ag.Sc., Ph.D., Division of Soils, 
C.S.I.R.O. 

IL R. Marston, F .R.S., Division of Biochemistry and 
General Nutrition, C.S.I.R.O. 

A. Morgan, B.Agr.Sc., Department of .Agriculture, 
Victoria. 

F. P~nrnan, 'M.Sc., Commonwealth Research .St at.ion, 
C.S.I.R.O., Merbein. 

J. R. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
C.S.T.R.O. 

A. L. Tisdall, M.Agr.Sc., State Rivers and Water 
Supply Commission, Victoria. 

A. J. V1sey, B.Agr.Sc., Division of Animal Health 
and Production, C.S.I.R.O. 

C. K. Vears, B.Se.Agr., Department of Agriculture, 
New South Wales. 

E. S. West, B .Sc., M.S., Irrigation Research Station, 
C.S.I.R.O., Griffith. 

R. W. Prnnster, B.Sc.(Agric.), Regional P astoral 
Laboratory, C.S .I.R.O., Deniliquin (Secretary) . 

1].. REGIONAL PASTORAL L ABORATORY, D ENILIQUIN

CoNSULTATIVE Co~nnTTEE. 

O_ H. Frankel, D.Sc., D.Agr., F.R.S., Division of 
Plant Industry, O.S .I.R.O . 

T. S. Austin, Austin Wanganella Stud, W anganella, 
New South Wales. 

F. I . Bolton, Water Conservation and Irrigation Com-
mission, New South Wales. . 

D_ T. Boyd, C.M.G., Woorooma E ast, Deniliquin, 
New South Wales. 

T. L. Bull, Audley-street, N arrandera, New South 
Wales. 

:[ _ W. Crosbie, Belvedere Park, Berriquin Irrigat ion 
Tiistrict, Finley, New Sou th Wales. 

E. R. Ennals, Cobram Irrigation Disti·ict, Oobram, 
V ictoria. 

1. Morg::in, B.Agr.Sc., Department of Agriculture, 
V ictoria. 

,i., L. Tisdali, M.Agr.Sc., State Rivers and Water 
Supply Commission, Victoria. 

.l. n. Varcoe-Cocks, Harfleur-street, Deniliquin, New 
South Wales. 

C. K. V ears, B .Sc.Agr., Department of Agriculture, 
::N' ew South Wales. 

J . Woodside, Boree Plains, Benerembah Irrigation 
Tiistrict, Griffith, New South Wales. 

R. W. Pruuster, B.Sc. ( Agric. ) , Regional Pastoral 
laboratory, O.S.I.R.O., Deniliquin (Secretary) . 

12. REGIONAL PASTORAL L AnonATOnY, Am.nDALE

T ECHNTCAL Co:r.n11TTEE. 

D • .A. Gill, M.R.C.V.S., D.V.S.M., Division of .Animal 
Realth :rnd Production, C.S.l.R.O. (Chairman) . 

L. B. Bull, O.B.E., D.V.Sc., Division of Animal Health 
and Production, C.S.I.R.O. 

J . G. Davies, B.Sc., Ph.D., Division of Plant Industry, 
C.S.l.R.O. 

G _ Edgar, B.V.Sc., Department of Agriculture, New 
,South Wales. 

0_ H. Frankel, D.S-c., D.Agr., F .R.S., Divisio11 of 
Plant Industry, O.S.I.R.O. 

H._ t\ . Grantham, IJevunwcnt of Agriculture, New 
South Wales. 

R. Roe, B.Sc. (Agric.), Division of Plant Industry, 
C.S.l.R.O. 

(L IL Vears, B.Sc.A.gr., Department of Agriculture, 
New South Wales. 

I. L. Johnstone, B.V.Sc., Division of Animal Health 
and Production, C.S.I.R.O. ( Secrelary ). 

]3. REGIONAL PASTORAL LABORATORY, AR:r.UDALE

CoNSULTATIVE COMM1TTEE. 

H.. F. White, Graziers' Association of New South Wales 
( Chairman) . 

.iL M. Atkinson, Council of Advice to the Pastures Pro-
tection Board, New South Wales. 

A. G. Brett, Graziers' Association of New South Wales. 
Sir Hugh Croft, co-opted member. 
J. G. Davies, B .Sc., Ph.D., Division of P lant Industry, 

C .S.I.R.O. 
L. P. Dutton, Council of Advice to the Pastures Pro

t ection Board, New Sou th Wales. 
G-- Edgar, B.V.Sc., Department of Agriculture, New 

South Wales. 
G_ E. Forster , Graziers' Association of New South 

Wales. 
D. A. Gill, M.R.C.V.S., D.V.S.M. Division of Animal 

l:Iealth and Production, C.S.I.R.O. 
H_ A. G rantham, Department of Ao-ricultu1·e New 

South Wales. 
0 

' 

R. B. Madgwick, M.Ec., D.Phil., University of New 
:Eng1and. 

E. O. Powell. ~.D.A., New England Regional Develop
rment Committee. 
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R. Roe, B.Sc. (Agric.), Division of Plant Industry, 
C.S.I.R.O. 

W.W. Sch1unke, Northern New South Wales Farmerii' 
Union. 

C. K. Vears, B.Sc.Agr., Departmen t of Agriculture, 
New South Wales. 

A. H. Voisey, D .Sc., University of New England. 
A. W. Weller, Northern New South Wales Farmers' 

Union. 
I. L. J ohnstonc, B . V .Sc., Division of Animal H ealth 

and Production, C.S.I.R.O. (Secretary) . 

14. "G1LRU'l'II PLAINS" TECnNICAL Col\nn·rrEE. 

L. B. Bull, C.B.E., D. V_.Sc., Division of .Animal Health 
and Production, C . .S.I.R.O. 

,L A. Dunlop, Jvl.Agr.Sc., Ph.D., Division of Animal 
Health and Production, C.S.I.R.O. 

0. H. Frankel, D.Sc., D.Agr., F.R.S., Division of 
Plant Industry, O.S.l.R.O. 

W. A. T . Summerville, D.Sc., Department of Agricul
ture and Stock, Queensland. 

Miss H. N. Turner, J3.Arch., Division of :Mathematical 
Statistics, O.S.I.R.O. 

W. Webster, 13. V .tic., Department of Agriculture and 
S tock, Qurcnsland. . 

C. H. S. Dolling, B .Ag.Sc., Division of Animal Health 
nnd Production, C.S.I.R.O. (Secretary). 

15. Jorwr BLOWFLY CONTROL CoMMI'l"fEE. 

L.B. Bull, C.B.E., D.V.Sc., Division of Animal H ealth 
and Production, C.S.I.RO. (Ghairrnan) . 

H. G. Belschner, D .V.Sc., Department of Agriculture, 
New South Wales. 

G. Edgar, B.V.Sc., Department of .t\griculture, New 
South W all:!:i. 

A. J. N icholso11, D.Sc., Division of Entomology, 
C.S.I.RO. 

F. H. S. Roberts, D.Sc., Division of A.nimal Health 
and Production, O.S.l.R.0. 

G. J . Shanahan, B.Sc.Agr., Department of Agriculture, 
N cw South Wales. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Queensl:md. 

D. A. Gill, M.H.U.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. (Secretary ) . 

16. JOINT VETERINARY PARASITOLOGY OOMl\HTTJ,:E. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Queenslallll (Chairman). 

J. Legg, D.V.Sc., Department of Agriculture and 
Stock, Queensland. 

K. R. Norris, M.Sc., Division of Entomology, 
C.S.I.R.O. 

:F. H. S. Roberts, D.Sc., Division of Animal Health and 
Production, C.S.I.R.O. 

P. B.. Durie, M.Sc., Division of Animal Health and 
Production, C.S.I.R.O. (Secretary). 

17. Anv1s0RY Co~nnTTEE ON FnuIT CooL STORAGE 

INVESTIGATIONS IN NEw Sounr WALES. 

J. R. Vickery, M.Sc., Ph.D., Division of Food .Preser
vation and Transpor t, C.S.I.R.O. ( Cha-irman). 

F . T . Bowman, B.,Sc.Agr., M.Sc., Ph.D., Department 
of Acrriculture, New South Wales. 

H. Bro;dfoot, Dep1trtment of Agricultme, New South 
Wales. 

Acting Professor J . McLuckie, M.A., D.Sc., Depart
ment of 'ootany, University of Sydney. 

R. N. Roba1tson, B.Sc., Ph.D., Division of Food 
P1·eservation and Transport, O.S.I.R.O. 

R B Withers M.Sc., Dip.Ed., Division of Food 
·Pre.scrvation ~nd Transport, O.S.I.R.O. (Secrelary). 

18. COMMITTEE FOR Co-ORDINATION OF FnurT AND 

VEGETABLE STOUAGE RESEARCH. 

A. G. Strickland, 0. B.E., M.Agr.Sc., Department of 
Agriculture, South Austr:ilia (Chairman). 

W. J. Bettenay, B.Sc.(Agric.), Department of Com• 
merce and Agriculture, Melbourne. 

0. E. Cole, B.Agr.Sc., Department of Agriculture, 
Vjctoria. 

D. 11arti.n, B.Sc., Division of Plant Industry, 
C.S.I.R.O. 

T. C. Miller, B.Sc., Department of Ag1·iculture, 
Wes tern Australia. 

T . D. Raphael, M.A., Dip.Hort.(Cantab.), Department 
of Agriculture, Tasmania. 

R N. Robertson, B.Sc., Ph.D., Division of Food 
Preservation and Transport, C.S .. LR.O. 

S. M. Sykes, B.Sc.A.gr., Dep:irtment of Agriculture. 
New South Wales. 

S. A. Trout, M.Sc., Ph.D., Department of Agriculture 
an<l .Stock, (.Jueensland. 

R. B. Withers, M.Sc., Dip.E<l., Division of Food 
Preservation and Transport, C.S.I.R.O. (Secretary) . 

19. CoNsULTATn"E CoMJ\!ITTEE oN Fooo l N VESTIOATIONs 

AND STANDARDS. 

J. R. Vickery, M.Sc., Ph.D ., Division of Food Preser• 
vation and Trnnsport, C.S.l.R.O. (Chairman) . 

W. J . Bettenay, B.Sc.(Agric.), Department of Com
merce and Al,rriculturc, Melbourne. 

E. W, Hicks, B,A,, B.Sc., Division of Food Preserva· 
tion and Transport, C.S.I.R.O. 

G. Loftus Hills, B.Agr.Sc., Dairy Research Section, 
C.S.I.R.O. 

H. R. Tinney, B.V.Sc., Dep:u-tment of Commerce and 
Agriculture, Melbourne. 

R. F. Turnbull, B.E., Division of Forest Products, 
C.S.I.R.O. 

W. J. Wiley, D.Sc., Department of Commerce and 
Agriculture, Melbourne. 

R. B. Withers, M.Sc., Dip.Ed., Division of Food 
Preservation and Transport, C.S.I.R.O. (Secretary). 

20. COMMITTEE F OR Co-o•RDIN,\TION OF RESEARCH ON 

FnuIT .AND VEoETM.lLE PnocEslUNG. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preser• 
vation and Transport, C.S.I.R.O. (Cha-irman). 

J . D, Bryden, H.D.A., Department of Agriculture, 
New South Wales. 

J. F . Kefford, M.Sc., Di,rision of Food Preservation 
and Transport, U.S.l.RO. 

L. J. Lynch, R.Agr.Sc., Division of Food Preservation 
and Transport, C.S.I.R.O. 

D. McG. McBean, B.Sc., Di.vision of Food Preserva
tion and Transport, C.S.I.R.O. 

A. C. Orman, H.D.A., Department of 1'i.g1·iculture, 
New South Wales. 

H. R Richardson, B.Sc.Agr., Department of Agricul
tme, New South Wales. 

S. JIL Sykes, B.Sc.Agr., Department of Agriculture, 
New South Wales. 

R. B. Withers, M.Sc., Dip.Eel., Division of Food 
Preservation and Tr ansport, O.S.l .R.O. (Secretary). 

21. D RIED FRUITS P ROCESSING Col\!MITTEE. 

A. G. Strickland, O.B.E., M.Agr.Sc., Department of 
Agricultw·e, South Aui,tralia (Chairman). 

J. D. B ryden, H,D.A., Department of .Agriculture, 
New South Wales. 

F. H. Colbey, Department of Commerce and Agricul
ture, Adelaide. 

J . M. Davidson, B.V.Sc., Department of Commerce 
and Agriculture, Sydney. 

W. R. Jewell, :01..Sc., B .. Met., Department of Agrieul
tme, Victoria. 



F. P enman, M .Sc., Ool1i.mOliwealth Research Station, 
O.S.I.R.O., Merbein. 

D. G. Quinn, R.D.A., Department of Agriculture, 
V ictoria. 

J. R. V ickery, M.Sc., Ph.D., Division of Food Preser
vation and T ransport, O,S.I.R.O. 

B. G. Coombe, B.Agr.Sc., D epartment of Agriculttn·e, 
South Australia (Secretary) . 

22. Anv1soRY Oo:muITTEE ON Fnun STORA.GE 
INVESTIGATIONS I N VIOTORIA. 

0. E. Cole, B .Agr.Sc., Department of Agriculture, 
Victoria (Convenor and S ec1·etary ). 

S. F ish, M.Agr.Sc., Department of Agriculture, 
V ictoria . 

R. N. Robertson, B.Sc., Ph.D., Division of Food 
Preservation and Transport, O.S.l.R.O. 

J. R. _V,ickeryl...M.Sc., P h.D., Division of Food Preser
vat10n and T ranspor t, C.S.I.R.O. 

23. MILDURA DrsTnIOT DmEo VINE FnurTs 
Pn.ocEssrno OoMi\HTTEE. 

A. R. Hampton, representing Mildura Packers' Asso
ciation (Chairman) . 

A. E . Hazel, Dried Fruits Association, Red Cliffs. 
W. R. Jewell, M.Sc., B.Met., Department of Agricul-

ture, Victoria. 
N. A. Johnson, Irymple, Victorin. 
K. H . C. McOallum, R ed Cliffs, Victoria. 
A. R. McDoug::tll, Merbein, Victoria. 
S. R. Mansell, Mildura , Victoria. 
F. Penman, M.Sc., Commonwealth R esearch Station, 

O.S.I.R.O., Merbein. 

24. Pt1.s·ru1m PESTS Aov1souy OoM:Ml'r'rEE, WEsT£JlN 
AusTllALIA. 

E. H . B. Lifroy ( Chainnan). 
C. F. Jenkins, M.A., Departmen t of Agriculture, 

Wes tern A ust1·alia. 
L Thomas, D epartment of Agriculture, Western 

A ustralia . 
Professor E. J. Underwood, B.Sc.(Agric.), Ph.D., 

University of Western Australia. 
A.. J. Nicholson, D .Sc., Division of Entomology, 

O.S.I.R.O. 
M. M . H. Wallace, B.Sc., Division of Entomology, 

C.S.I.R.O. 
R. P . Roberts, ::tYLSc. (Agric.), Department of Agri

culture, Western Australia (Secrelary). 

25. KnrnERLEY REsE,vion .STATION SUPERVISORY 
O0:Mi\lIT'fEE. 

0 . S . Christian, B.Sc.Agr., M .S., Land R esearch and 
R eo-ional Survey Section, O.S.I.R. 0. (Chairman) . 

G. H~ Burvill, M .Agr.Sc., Commissioner of Soil Con
servation, Western Australia . 

C. M. D imond, Public Works Department, Western 
Austral ia. 

H. ,J. K . Gibsone, Irrigation Branch, Department of 
Agriculture, Western Australia. · . 

E. Phillis, Ph.D., D .Sc., Land Research and R egwnal 
Survey Section, C.S.I.R.O. 

L. 0 . .Snook, D.Sc., B .Sc.(Agric.), Animal Nutrition 
Officei·, Department of .Agr iculture, Western 1\us
trnlin. 

W. M. N unn, Department of Agriculture, Western 
Austrnlia (Execill·ive Officer). 

26. KnrnEitLEY H,i,;sEAIWH STA'l'ION Pouov 
COi\Ii\IlTTEE. 

C. S. Christian, B .Sc.Agr., M.S., L and Research and 
Regional Survey Section, C.S.I.R.O. (Chairnian ). 

O. M. Dimond, Public Works D epartment. Western 
Australin. 

W. O. Duggan, B.Sc.Agr., Senior Project Officer, Oom
monwe:ilth D epar tment of National Development. 

\ ,\T. M . Nunn, Department of Agriculture, Western 
Australia. 

27. KA'l'HEJUNE ExPERIMENT F ~uu.1 Aov1sORY 
CoMMITTEE. 

C. S. Christian, B.Sc.Agr., M.S ., L and Research and 
Regional S urvey Section, C.S.I.R. 0. ( Chairnian) . 

D. McConnell, B .V.Sc., Animal Industry Division, 
N orthern Territory Administration. 

W. Nixon-Smith, B.Sc.Agr., Agricultural Officer, 
Northern Territory Administration. 

28. O0Mi\1ITTEE ON OlilNOLOGICA!, RESEARCH. 

Professor J . .il. Prescott, C.B.E., D.Sc., F.R.S., repre
senting C.S.I.R.O. (Chairman) . 

Professor J B. Cleland, M.D., OhJYL, representing the 
University of Adela ide. 

C. P . Haselgrove, representing the F ederal Viticultul'al 
Council. 

II. R. Haselgrove, representing the ..:.\ustralian Wine 
:Board. 

29. FUEL RESEARCH ADVISORY OOMi\fIT'rEE. 

R S . .Andrews, D .Sc., Gas and Fuel Corporation of 
V ictoria ( Cha-irman,) . 

H . R. Brown, B.Sc.(Eng.) , Coal Research Section, 
C.S.I.R.O. 

S. B . Dickinson, M.Sc., Depar tment of Mines, South 
Australia. 

R. P . Donnelly, Goverllillent Chemical Laboratory, 
Western Australia. 

J . R. Duggan, B.Sc., B.E., Colonial Gas Association, 
Queensland. 

~\. B. Eel wards, D.Sc., Ph.D., Mineragraphic Investi
gations, O.S.I.R.O. 

Professor T . G. H unter, B.Sc., Ph.D., University of 
Sydney. 

C. R. Kent, B.Sc., Ph.D., D.I.C., Electricity Authority 
of New South Wales. 

Professor C. E. Marshall, P h .D ., University of Sydney. 
I. ,J. Rogers, M.Sc., B.E., Department of National 

D evelopment. 
I. W . Wark, D .Sc., Ph.D., Division of Industrial 

Chemistry, O.S.I.R.O. 
F . W. G. White, O.B.E., M.,Sc., Ph.D., C.S.I.R.O. 
G. B. Gresford, B.Sc., A.M.T .C., O.S.I.R.O. 

(Secretary). 

30. MELBOUJtNE ORE-DRESSING Sun-ooM11n1·rEE. 

M. A. Mawby, F .S.T.C., Zinc Corporation Ltd., Mel
bo1u·11e (Chairman) . 

W. E . Baragwanath, Melboume. 
A$sociate Professor H. H . Dunkin, B .Met.E., Depart

ment of Mining, University of Melbourne. 
R B . Mills, B.Sc., Electrolytic Zinc Co. Ltd., Mel

bourne. 
G. B. O'Malley, B.1.Iet.E., Melbourne. 
K. S . B laskctt, B.E., Ore-clressino· Investigations, 

O.S.I.R.O. (Secretary) . "' 

31. KALOOOULI:E 01?E-DRESSING S1JD-OOMMIT'f:E~. 
E. E . Brisbane, B.E., Department of }.'fines Western 

Australia. ' 
R. C. Buckett, B.E., Lake View and Star Ltd., Kal

goorlie, Western Australia. 
R A. Hobson, B.Sc., School of Mines, Kalgoorlie, 

Western Australia. 
A.. A . McLeod, M.r\ns.1.M.M., M.A.!.M.E., North 

Kalgurli (1912) Ltd ., Kalgoorlie, 'Western Ans
tra Jin. 
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32. OoNsUL'l'A'l'IVl!: OoMMl'l'TEE ON Bnow N OoAL 
RESEARCH AND D EVELOP:Ml!:NT. 

R. _ ~- A1_1dl'ews, D.Sc., Gas and Fuel Cor1Joration of 
Y1Ctona ( 0 hairman). 

G. E. Baragwanath, B.Sc., State Electricity OolillliiS
sion of Victoria, 

JI. R. Brown, B.So.(Eng.), Coal Research Section, 
O.S.I.R.O. 

E. A. Bruggemanh, Dr.Ing., Gas and Fuel Corpora
t ion of Victoria. 

W. D. Chapman, M.C.E., Dr.Eng.> ,State Electrici ty 
Commission of Victoria. 

G, B. Gresford, B.Sc., A.M.T.C., C.S.I.R.O. 
E. li.. E:auson, Ph.D., Gas and Fuel Corporation of 

Victoria. 
F. II. Roberts, D ip.Mech.Eng., Dip.Elec.Eng., State 

Electricity Commission of Victoria. 
R. W. Urie, B.Sc., S.M., Division of Industrial 

Chemistry, C.S.I.R.O. 
L W. Wark, D.Sc., Ph.D., Division of Industrial 

Chemistry, C.S.I.R.O. _ . 
F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.I.R.O. 
B. E. Mummery, B .Sc., C.S.I.R.O. (Secretary). 

3a. MrnEnA.oRAi>l':iw CoMMr'r·rll:E. 
F. L. Stillwell, O.B.E., D.Sc., Melbourne. 
\V. E. Wainwright, A.S.A.S.M., Australasian Institute 

of Mining and Metallurgy. 

34. E LECTRiCAL R ESEARCH BOARD. 

~meritus Professor Sir John Madsen, B.E., D.Sc., 
University of Sydney (Ghairrnan). 

V .. J . F . Brain, B.E., Elect11icity Authority of New 
South Wales. 

W. H. Connolly, B.E .E., B.Com., State Electricity 
Commission of Victoria. . 

F . .J. Lehany, M.Sc., Division of Electrotechnology, 
C.S.I.R.O. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., University 
of Sydney. 

F. W. G. White, O.B.E., M.Sc., P h.D., O.S.i.R.O. 
F. G. N icholls, M.So., O,S.I.R.O. ( Conjoint 

Secretary) . 
H. C. Richardson, B.E., Division of Electrotechnology, 

C.S.I.R.O. (Conjoint Sec?'etary) . 

35. RADIO RESEARCH BOARD. 
Emeritus P rofessor .Sir John Madsen, B.E., D.Sc., 

U uiversity of Sydney ( 0 hairrnan) . 
K G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio

physics, C.S.I.R.O. 
Lt.-Ool. A. W. de Courcy Brown, M.1.R.E.(Aust .), 

.A.~:I:.J3rit.I.R.E., Department of the Army. 
G. T. Chippiudall, C.B.E., Postmastei'-General's 

Department. 
Ptofessor L. G. H. Huxley, M.A., D.Phil., University 

of Adelaide. 
Commander (L.) F. F. Lord, R.A.N., Department of 

tho Navy. 
Group Captain J. W. Reddrop, O.ILE., R.A.A.F ., 

Director of Telecommunications and Radar Depart-
ment of Air. ' 

Professor II. C. Webster, D.Sc., Ph.D., University of 
Qnoeusland. 

F. W. G. White, O.B.E., M.Sc., Ph.D., C.S.I.R.O. 
R. v.d. Il. Woolley, M.A., M.Sc., Ph.D., F.R.S., Coro

m_omveal th Observatory. _ 
n. E. Murri.mer]', B.Sc., C.S.1.R.O. (Secreta;·y). 

3"6. METK<iMLoolcAi. REsEARCil OoNsuLTA'rIVE 

O0JI-Il\!JTTEE. 

R. v.d. R. Woolley, M.A., '.M.Sc., Ph.D., F .R.S., Com
n1onwealth Observatory ( Gl~airrnan) . 

E . G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio
plJysics, C.S.1.R.O. 
F .5073/54.- 10 

F; Loawe, l'h,D., trniversity of Melbourne. 
Emeritus Professor Sir John Madsen, B.E., D.Sc., 

University of Sy<l11ey. 
C. H. B . Priestley, M.A., Sc.D., O.S.I.R.O. 
E. W. Tiroke, Commonwealth Meteorological Service. 
G. B . Gresford, B.Sc., A.M.T.O., O.S.I.R.O. 

(Secreta1·y) . 

37. CoNSULT,tnv:i,; OoMMl'l"l'EE ON RADIO RESEARCH. 

F. W. G. White, O.B.E., M .. Sc., Ph.D., O.S.I.R.O. 
( 0 hairman). 

W. G. Baker, D.Sc.(Eng.), Ionospheric Prediction 
Service. 

E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio
physics, C.S.I.R.O. 

H. ,). Brown, B .Sc., M.E ., Department of Supply. 
A. H . Kaye, B.Sc., Telecommunications Advisory 

Committee. 
Oomtnander (L.) F. F . Lol'd, R.A.N., Department of 

the Navy. 
N. J. McCay, B.Sc., Postmaster-General's Department. 
A. J . McKenzie, M.E.E., Australian Broadcasting 

Control Board. 
Oaptai1i M. 0 . McVeity, Department of the Army. 
Emeritus Professor Sir John Madsen, B.E., D.Sc., 

Radio Research Roard, C.S.I.R.O. 
:9. F . Mar ty11, D.Sc., Ph.D., A.R.O.S.; F .R.S., Radio 

Research Board, O.S.I.R.O. 
S. A. Mathews, B.Sc., Department of Shipping and 

Transport. 
D. J. Medley, M.Sc., Department of Civil Aviation. 
J . L. Mulholland, Overseas Telecommunications Com-

mission (Aust.). . 
G. H. Munro, D.Sc., Radio Reseai'ch Board, O.S.I .R.O. 
R. E . Page, F .I .R.E., A.M.I .E . (Aust.), Telecommuni

cations Advisory Committee. 
L. F. Prior, B.Sc., Bureau of Mineral Resources, 

Geology and Geophysics. 
Group Captain J. W. Reddrop, O.B.E., R.A.A.F., 

Director of Telecommunications and Radar, Depart
ment of Air. 

E . J . Stewart, B.Sc., Postmaster-General's Departme11t. 
B. E. Mummery, B.Sc., O.S.I.R.O. (Secretary). 

38. BUILDING REsE.aRCH Oo~n.IITTEE. 
I. Langlands, B.E .E ., M.Mech.E., Division of Building 

Research, C.S.I.R.O. (Chairman). 
R. E . Banks, B.Sc. (Eng.), Building Research Liaison 

Service, Melbourne. 
S. II. Bastow, B.Sc., Ph.D., C.S.I.R.0. 
A. L. Brentwood, B.O.E., B.E.E., Department of 

Labour and National Service. 
T. J. Cavanagh, Cement and Ooncl'ete Association, 

Sydney. 
S, A. Clarke, B.E., Division of Forest Products, 

C.S.I.R.O. 
J . W. Drysdalei Commonwealth Experimental Building 

Station, Sydney. 
D. V . I saacs, M.O.E., Commonwealth Experimental 

Building Station, Sydney. 
J. R Barned, B.Sc., Di,,ision of B uilding Research, 

0 .8.I.R.O. (Secretrt1·y) . 

39. CoMMl'lTEfil ON MATHBMA'flOAL INsTRUMEN'J'S. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., University of 
Sydney (Chairman) . 

R. W. Boswell, M.Sc., Long Range Weapons Establish
ment, Department of Supply. 

E. G. Bowen, O.B.E., M.Sc., Pb.D., Division of Radio
physics, C.S.I.R.O. 

Profo~sor 'l'. M. Cherry, B.A., Ph.D., Sc.D., F.R.S., 
tJniversity of MelbOurne. 

Professor J. C. Jaeger, D.Sc., M.A., Australian 
National University. 

T. Pearcey, B.Sc., Division of Radiophysics, O.S.I.R.O. 
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Professor T. G. Room, M.A., F.R.S., University of 
Sydney. 

F. W. G. White, O.B.E., M.Sc., Ph.D., C.S.I .R.O. 
Il. A. Wills, B. E., Department of Supply. 
M. Beard, B.Sc., B.E., Division of Radiophysics, 

C.S.I.R.O. (Secretm·y) . 

XXXIII. STAFl!~. 

The following is a list of the staff of the Organizatioll 
us at 30th June, ·1954. The list does not include clerical 
staff, typists, technical assistants, and miscellaneous 
workers. 

1. HEAD OFFICE. 

(Head-quarters: 314 Albert-street, East Melbourne.) 
Chairman-Sir Ian Clunies Ross, C.M.G., D.V.Sc. 
Chief Executi,1e Officer-F. W. G. White, C.B.E., 

M.Sc., Ph.D. 
Executive Offirer-S. H. Bastow, D.S.O., B.Sc., Ph.D. 
Assistant Executive Officer-H. C. Forster, M.Agr.Sc .. 

Ph.D. 
Secretary (General Administration)- F . G. Nicholls, 

M.Sc. 
Secretary (Industrial and Physical Sciences) and Act

ing Secretary ( Agricultural and Biological Sciences). 
- G. B. Gresford, B.Sc., A.:M:.T.C. 

Secretary (Finance and Supplies)-M. G. Grace, 
A.A.S.A. 

Assistant Secretary (General Administration)~D. T. 
0. Gillespie, M.Sc. 

Assistant Secretary (Agricultural and Biological 
Sciences)- P. F. Butler, M.Sc.Agr. 

Senior Principal Research Officer-J. E. <Jummins, 
B.Sc., M.S. 

Senior Re,:earch Offierr-W. F . Evans, B.Sc. 
Senior Research Officer-J. F. H. Wright, B.Sc. 
Research Officer- Miss J . Dunstone, B.Sc., Dip.Ed. 
Research Officer-B. E. Mummery, B.Sc. 
Technical Officer.-!. D. Pullen, B.Sc. 
Editorial-

Editor-N. S. Noble, D.Sc.Agr., M.S., D.I.O. 
Senior Research Officer- R. W. Bond, B.Sc., 

B.Com. 
Senior Research Officer--.Miss M. Walkom, B. A. 
Research Officer- R. W. Crabtree, B.Sc. 
Research Offirer-1\fiss L. F. Plunkett, B.Sc. 
Research Officer-G. J. Wylie, B.A., B.Sc. 

Libra.1·y-
Obief Librarian-Miss E. Archer, M.Sc. 
Librarian- Miss F. V. Murray, M.Sc. (part-time). 
Librarian-Miss J. Conochie, B.Sc. 
Librarian-Miss B. C. L. Doubleday, M. A. 
Librarian-Miss I. J l\fcPhail, B.Sc. (at Bris-

bane). 
Librarian-Miss L. J. Davey, B.Sc. 
Union Catalogue of Periodicals, Editor-Miss 

A. L. Kent. 
Technical Officer-G. A. Forster, B.Sc. 

Accounts-
Accountant-D. J . Bryant, A.A.S.A. 

Financr.-
Finance Officer-R. W. Viney, A.A.S.A., A.O.I.S. 

Stoclc Records-
J. M. Short, A.A.S . .A., A.C.I.S. 

Orders and Transport
V. H . Leonard, J.P. 

Staff-
Staff and Industrial Officer-H. E. Waterman, 

A.A.S.A. 
Records-

P. Knuckey. 

Publications-
Senior Technical Officer-T. R. Hunter. 

Oenlral Experimenlal Workshops-
Electrical and Mechanical Engineer-R. N. Morse, 

B.Sc., B.E. 
Engineer-in-chnrge-F. G. Hogg, B .E. 
Plant Engineer-K. A. Robeson, B.Mech.E. 
Research Officer-J. Kowalczewski, Dipl.Ing. 
Research Officer---J:. P. Arthur, B.Mech.E. 
Technical Officer-1vL G. Kovarik, Dipl.Ing. 
Technical Officer-J . T. Czarnecki, Dipl.Ing. 
Technical Officer-W. J. O'Brien, B.Mech.E. 
Chief Draughtsman- G. T. Stephens, Dip.Mech. 
Eng., Dip.Blee.Eng. 

Draughtsman, Grade II.-W. R. Read. 
Draughtsman, Grade II.-J. R. Mitchell, 

Dip.Mech.Eng., Dip.Elec.Eng. 
Draughtsman, Grade II.-W. Janssen, Dipl.Ing. 
Sectional Draughtsman- O. M. Williamson (at 

Sydney). 
uiaison Overseas-

Londo-. 
Chief Scientific Liaison Officer- W. Ives, M.Ec. 
Senior Research Officer-A. B. Hackwell, 

B.Agr.Sc. 
Research Officer-N. M. Tulloh, M.Agr.Sc. 

1iV ashingtorir--
Princi paI Research Officer-E. J. Drake. 
Research Officer-A. F. Gurnett-Smith, B.Agr.Sc., 

Q.D.D. 
Translation Sectio-. 

Senior Translator-A. L. Gunn. 
Translator- E. F eigl, Ph.D. 
Translator- TI. E. Kylstra, B.A. 
Translator-O. Wouters, D. es L . (at Sydney). 

fi'il11~ Unit-
Senior Research Officer---,S. T. Evans, B.Sc. 

; l rchitecforal-
Architect-W. R. Ferguson, B.E. 
Principal Technical Officer-H. A. Oawthom. 
Draughtsman, Grade II.-W. J. Widdowson. 

2. SECRETARIES OF STA'l'E Co.MMI'.M'EES. 

New So1tlh Wales-
A. M. Andrews, B.Sc., Coal Research 8ection, 

Delhi-road, North Ryde. 
Victoria-

F. G. Nicholls. M.Sc., 314 Albert-street, East 
Melbourne. 

Queensland
Vacant. 

S ou,th A 11stralia--
A. Packham, B.V.Sc., Division of Biochemistry 

and General Nutrition, University of Adelaide. 
1V es/:ern Australia-

R. P. Roberts, M.Sc. ( Agric.), Department of 
Agriculture, Perth. 

Tasrnania-
D. Martin, B.Sc., "Stowell", .Stowell-avenue, 

Hobart. 

3. AoRTOUL'l'OHAL REsEAitCH LIAJsoN SECTION. 

(Head-quarters : 314 Albel't-street, East Melbourne.) 
Officer-in-charge-R. R. Pennefather, B.Agr.Sc. 
Principal Research Officer-K. Loftus Hills, M.Agr.Sc. 
Senior Research Officer-J. L. Gillespie, B.Agr.Sc. 
Research Officer-A. F. Gurnett-Smith, B.Agr.Sc., 

Q.D.D. (seconded). 
Research Officer- Miss J. M. Baldwin, B.Sc., Dip.Ed. 
Technical Officer- J. J. Lenaghan, B.Agr.Sc. 
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4. ANI MAL GENETICS SECTION. 

(Head-quarters: University of Sydney.) 
Officer-in-charge-J. M. Rendel, B.Sc., Ph.D. 
Senior Research Officer- A. S. Fraser, M.Sc., Ph.D. 
Research Officer-D. F . Dowling, B.V.Sc., Il.Sc., 

Ph.D. 
R esearch Officer-W. R. .Sobey, Ph.D. 

5. DivrnroN OF ANIMAL H EALTH .AND PnooucTroN. 
(Head-quarters: Or. Flemington-road and Park-street, 

Parkville, Melbourne.) 
,lt Divisional H ead-quarlers, Melbourne

Ohief-L. B. Bull, O.B.E., D.V.Sc. 
Divisional Secretary-A. J. Vasey, B.Agr.Sc. 
Assistant Divisional Secrctary-N. M. Tulloh, 

M.Agr.Sc. (seconded to A.S.L.O., London). 
Acting Assistant Divisional Secretary-A. Il. 

Cashmore B.Sc.(Agric.), M.Sc. 

At Animal Health Research Laboratory, Melbourne
Assistant Chief of Division and Officer-in-charge

A.. W. 'J'urnN·, O.B. E., D.Sc., U. V .Sc. 
Senior Principal Research Officer- T. S. Gregory, 

D.V.Sc., Dip.Bact. 
Principal Research Officer-D. Murnane, D.V.Sc. 
Principal Research Officer-R. H . Watson, 

D.Sc.Agr. 
Principal Research Officer-A. T. Dick, M.Sc. 
Senior Research Officer-A. T. Dann, M.Sc. 
Research Officer- A. W. Rodwell, M.Sc., Ph.D. 
R esearch 0 1£cer- J . B. Bingley, D.A.C. 
Research Officer-Miss 0. E . Eales, B.Sc. 
Research Officer-Miss M. J . Monsbourgh, B.Sc. 
Research Officer-IL M. Radford, B.Sc. 
Research Officer- Miss V. E. Hodgetts, 13.Sc. 
Research Officer-J. S. :McKenzie, B .Sc. 
Research Officcr-P. Plackett, B.A. 
Technical Officer-I. McOance, B.Sc. 
Technical Officer-E. Wold. 
Technical Officer-J. J . Spencer. 
Technical Officer-N. E. Southern. 
Technical Officer-J. R. Etheridge. 
Librarian- Miss F . V. Murray, M.Sc. (part-time). 

tlt Field Station, Werribee, Victoria
Officer-in-charge-L. 0 . Gamble. 

At Poult?-y Research Centre, We1-ribee, Victoria
Senior Research Officer-F. Skaller, M.Agr.Sc., 

B.Oom. 
Research Officer- J. A. Morris, B.Sc.Agr. ( on 

study leave). 
Research Officer- B. L. Sheldon, B.Sc . .Agr. 
Research Officer-T. E. Allen, B.Sc. 
Technical Officer-Miss L. W. Bohr, 1vLSc.(Agr.). 

tit McMasle·r Animal Health Laboratory, Sydney
Assistant Chief of Division and Officer-in-charge 

-D. A. Gill, M.R.O.V.S., D.V.S.M. 
William Mcilrath Fellow in Animal Husbandry-

M. C. Franklin, M .. Sc., Ph.D. . 
Principal Resc:uch Officer-H. McL. Gordon, 

B.V.Sc. 
Principal Research Officer-D. F. Stewart, 

D.V.Sc., Dip.Bact. 
Senior Research Officer-Miss M. H . Hardy, 

M.Sc., Ph.D. 
Research Officer- A. G. Lyne, B.Sc. 
R esearch Officer-M. D. Murray, B .Sc. (Vet.Sc.), 

M.R.O.V.S. 
Research Officer-W. K. Warburton, LL.B., B.Sc., 

Ph.D. 
Research Officer-A. W. H. Braden, M.Sc. 
Research Officer-R. I. Sommerville, M.Sc.Agr. 
Research Officer- P. R. Whitfield, B.Sc. ( on study 

leave). · 

R esearch Officer-0. H. Gallagher, B.V.Sc. 
Research Officer-Miss J. H . Koch, M.D. 
Rese:irch Officer-P. K. Briggs, B.Sc.Agr. 
I an McMaster Scholar-B. A. Panaretto, B.V.Sc. 
Technical Officer- F . J. Hamilton. 
Technical Officer-TI. V. Whitlock. 
Technical Officer-G. 0. Merritt. 
Technical Officer-B. L. Campbell. 
Technical Officer-Miss J. 1-I. IC Donovan, B.Sc. 
Librarian-Miss A. G. Culey, M.Sc. 

At Departrnent of Veterinary Physiology, University 
of Sydney-

Officer-in-charge, Sheep Biology Laboratory-
0. W. Emmens, D.Sc., Ph.D. (part-time) . 

.Senior Rese:irch Officer-K. A. Ferguson, B.V.Sc . ., 
Ph.D. 

Research Officer-A. L. 0 . Wallace, B.Sc. 
Technical Officer-W. Outch. 

,'Lt Sheep Biology Laboratory, Prospect, New South 
Wales-

Technical Secretary-J. H. Elliott, B.Sc. 
Principal Research Offieer-P. G. Schinckel, 

B.V.Sc. 
Senior Research Officer-R. L. Reid, B.Sc.Agr., 

Ph.D. 
Senior Research Officer- A. A. Dunlop, 

M . .Agr.Sc., Ph.D. 
Senior Research Officer-L. T. Wilson, B.8c. 
Resea rch Officer-J. P. Hogan, B.Sc.Agr. 
Research Oflicer-B. F. Short, M.Sc.Agr., Ph.D. 
Research Officer-G. Alexander, M.Agr.Sc. 
Technical Officer-S. H. Buttery, B.Sc. 
Technical Officer-Mrs. L. N org:n<l. 
Technical Officer-S. S. Y. Young. 
Technical Officer--H. II. Weston, B.Sc.AgL 
Librarian-Miss J . Ricks. 

;1t Regional Pastoral Laboratory, Armidale, New 
S oidh Wales-

0 fficer-in-charge-I. L. Johnstone, B.V.Sc. 
Senior Research Officer-J. F . Banett, B.V.Sc. 
Senior Research Officer- W. H. Southcott, B.V.Sc. 
Ian McMaster Scholar-W. 0. Ooplan<l, B.l::ic. 

At F. D. NcMasler J1'•ielcl Station, Baclgery's Oreelc, 
New South Wales-

Officer-in-charge- R. H . Hayman, M.Agr.Sc. 
Senior Research Officer-H. G. Turner, B.Ag.Sc., 

M.A. 
.tit Veterinary Parasitology Laboratory, Y eerongpilly, 

Queen.sland-
Officcr-in-chnrge-F. H . S. Roberts, D.Sc. 
Senior Research Officer-J. H .. Riches, B.Agr.Sc., 

Ph.D. 
Senior Research Officer-R. :F. R iek, B .V.Sc. 
Senior Research Officer- P . H . Durie, M.Sc. 
Technical Officer- IC C. Bremner, B.Sc. 
Technical Officer-R. K. Keith. 

At Devartment of Physiology, University of Queens
land, Brisbane-

Senior R esearch Officer-N. M. T. Yeates, 
B.Sc.Agr., Ph.D. 

At National Field Station, "Gi:lrulh Plains", Cunna
mulla, Queensland-

Acting Officer-in-charge-0. H. S. Dolling, 
B.Agr.Sc. 

Technical Officer-A. D. Nicolson, B.Agr.Sc. 

At N alional Oat/le Brr.eding Station, '• Belmont", 
Bockhamvton, Queensland-

Officer-in-charge-J. F. Kennedy, M.Agr.Sc. 

At Western Austral·irm Depa1·tmenl of Agricttlfure, 
Animal JI ealfh and ]lfotrition Laboratory, N ecllands, 
Western A ustral·in--

Senior Research Officer-A. B. Beck, M.Sc. 
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,ll lnstit,itte of i l,<J1'icult1i'l'e, Uniiversthy of Western 
,1 usfral>ia N edla1id,s1 Western Australia-> 

Senior ' Reseai1oli Oti:ice1'~E. Mtrnoh;Petersen, 
M.Sc., B.A.., l.LLF. 

1H U1&iversity of !ldelctid~, Jid~laide, South Australia
Research Offi.cei'-G, W. Grigg, M.Sc. 

u . .l)fVt§ION dir l3IOtJJ:1.Fl?ltliSTit, AND GENEIM.L 
NuTiutioN. 

(Head-quar ters: University of Adelaide.) 

Chief- JI. R. Marston, F .R.S. 
Techiiical Secret il. t·y-'-'-!'1... Pnckham; ~ .V.So_., A,A,S.A. 
Princit)!ll Researeh Officer-"-A. W, Pe11'~0, D,Sc. 
P rihcip!ll Resea rtlh O:ffice11~D. S. R 1cemnn, M.Sc., 

B.Agr.Sc. , , 
P rincipal Researllh Ofp.cer~ JI.. J. Le1!, JitLSCl. 
P rincipal Research OfficM~:E\ v_. G1'hY1 :M:.Sc. 
P rju~ipal Research Officer- Miss M. 0 . Dawbarn, 

M.Sc. ;-, 
Senior Research Oflicer'--J , A. Mil~s, Ph.D., M.oc. 
Senior Research Officer- Ji;. W. L. Lines, B.~c. 
Senior Research Officer-I. G. J arrett, M.Sc, 
Senior Research Officer- G. B. Jones, M.Sc. 
Senior Research Officer-Miss .S. JI. Allen, B.Sc. 
Senior R esearch Officer----'-A. F . Pilgrim, B.Sc. 
Research Officer-L. J . Frahn, Ph.D., :M:.Sc, 
Research Officer_:...B. J . Potter, :M.Sc. 
Research Qfficer- R. M .. Smith, B .. Sc. 
Research Officer~ R. A. Weller, B.Sc. 
Research Gfficer- R . E . Kuchei, B .Sc .... 
Research Office1·- Mrs, D. 0 . R oder, ~1:.Sc. 
Principal Technical Officer- D. W . Dewey_. 
Senior Technical Officer- R. JI. Jones, R.D.A. 
Technical Officer- V. A. Stephen. 
Technical Officer- J . 0. Wilson (par t-t ime) . 
Technical Officer- 0. H. F ilsell, B.Sc. 
t 'echuicfil Officer-A. C. Blaskctt, B.l3c. 
Librarian-Miss .T. W. Vlb ite. 

7 . .D1v1s 10N 01, BUILDING Ri,;s:i::ARCll. 

(H euds(luar tei's : Grahnm-i·oatl, Jiighett, Yioto1'ia.) 

,l cl11t·i-1&isl1'a,tfo11.,--
0hief--.I. La11gla11ds, ~Lll~ecli.E., B.E .K 
Technical Soc11etary~J, R_ Biti'netl, B.Sc. 
Sectional Dfaughtsman-=W. Maiel·, Dip.fog. 

fnf01,:1nation _ ancl libra_ry- _ , _ 
Seiuor R esM.rch Offioe1•.:..--R. C. Mcf aggar t, B.Sc. 
Research Officer- Mrs. C. 'M. P etrie, M.A., P h.D. 

(pai"t-time) . . 
Senior Tech1i ical Ofll(:e1•-E. M. Coulter, M.Ag.Sc. 
Librarian- Mrs . .S. A. Curwel, A.L.A.A. 

/Jh?Jsicul and M echa-nicctl Testing Laboratory
Research Officer- It. E . Lewis, B.SCl. 
Technical Officer-"-'F. D. Beresfor d, F .M.'L'.C; . 
Technical Officer- J . J, Russell, B .Sc. 

Oonaete Invesligations-
Resea1'ch Officcr'--F. A. Blakey1 B ,E., P11.D. 
P rincipal Technical Officer-W, T:I. Taylor , 

M.C.E . 
Teclmicai OiHcer-E. N . Mattison, 
Tedrniual Officer-I. Leber, Dip.Ii1g . 

.\losom"IJ l nvestigations-
P filit iiml R osoar cl1 OiHcel•- ,1. S. H.osking1 M.Sc., 

Ph.D. 
Senior Research Officer- H . t/, Jiueber, Dr.Phil. 
Sen ior Research Officer-W. F. 16 01e, M.Sc.J Ph.D . 
Senior Resea1•ch Officer- R. :0. Fiiil, B.Sc., B.Com. 
Resear ch Offite1'"'--U't'fi.ss A, A. Milne, B.Sc., P h.D. 
lles0arch Officer- Mrs. T. Domediuk1 Di.·.Phil. 
Technical Officer-A. R. Oarthtnv, B.Sc, 
Teelinlcal Offioei·- Mis$ 'M. E. N eilstm, B,8e. 

Technical Officler-""A. E . Holland, .:i..M.T.O. 
Technical Officcr-'-D . N . Crook, .A.Sw.T.C. 
T echnical Officer-Mrs. A. Turecki. 

Surf acing lvl aterials I nvestigations-
Scuior Researob Offio~r-E. IL Waterl:l, M.Sc. 
Research Officer- J. E. Bright, B.Sc. 
Technical Officer- D. A. P owell, B.Sc. 
Technical Officer-I. D. McLachlau. 

tl.r;oustics and Thermal Inv1Jstiga~io1!,s-
Seniol' Research Officer-R. W. Muncey, M.E.E, 
Senior Research Office r- W. K. R. Lipper t, Dr. 

Phil. 
Senior Resear1!li Offict!r- A. F . B. N ickson, M.Sc. 
Research Officei--T. S. H olden, B.Sc. 
technical Officer-A. W. Wilson, B.St:. 
Technical Officei'-Mrs. V. R. D ubout, B.Sc. 
T echnical Officfn1-P. Dubout, B .Sc. 

Urgan-ic .iJ!laterials I nvesligatibris~ 
Research Officer-E. R. Ballantyne, B.Sc. 
Technical Officer-ZN. G. Brown, A..:M.T.C. 
Technical Office11- J . W. Spence11

, B.Sc. 
Technical Offi cer- B. L Reidy, A.M.T.O. 

8. OOAL RESEAJWJi SEO'l'ION. 

(flei1d=quarters : Delhi-road, North Ryde, New Sou th 
Wales.) 

Offiaer-iu-cha11ge-H . R. Brown, B.Sc.(Eng.) 
Techniclll Secretary-A. M. Antli·ews, B.Sc. 
Pf•iucipal Research Officer-fl: Berry, M.Sc. (Tech.) 
Senior Research Officer- N . Y. Kirov, M.Sc. 
~ento1· R esearch Officel--J. D. Brooks, B.Sc. 
Scm or 'Research Officer~J. L. W aters, B.Sc., Ph.D. 
Senior Research Office1•-E. J. Greenhaw, B.Sc., Ph.D. 
Research Ofncer-A. G. Parts, lfag.chem,tech., Dr. 

phil.nat., Dr .habil. 
ltesearch Officcr-•B. E. Bahue, B.Sc. 
Research Officer-R. A. Durie, :M.Sc., Ph.D., D.l.C. 
Research Officer-M, K ossenbergi. Pli.D. 
Research Officer- R. E:. Jones, l:S.Sc._ 
Research Officer- fl. N . S. S chafer, B.Sc. 
Senior Technical Ofiicel·-M. S. Burns, A.M.I .F . 
Technical Officer- R P. McDonald, M.Sc. 
Technical Officer- J . W. Smith , A.R.I.O. 
Technical Officer--'C. K F erguson, B.Sc. (Min.Eng), 

Dipl.R.T.p . 
Technical Officcr- J. P . F : Jiennelly, B.Sc. 
Technical Officer-G. a Douau-Szpindler, Dipl.Ing., 

D.I.C. 
Teclrnical Ofncer-A. Wlasow, Dipl.Ohem., Dipl.Ing·. 
Technical Offioe1·- T . P , Maher , B.So. 
Technical Officer-A. J. Ryan, B.Sc. 
Technical Officer- L\.. Watts, .A..S.M,B. 
Technical Officer- Z. S. Krzeminski, Dipl.Ohem., Dr. 

rer.nat. 
Tcch i1ical Officer- J . Szewosyk , M.P hys., Dip1.Ing. 

Ohern. 
Technical Officer-P. R. O. Goardi B.Sc. 
Technical Officer- J . N . Stephens, M,A. 
Technical Officer__.. W _ 0 . S taoey1 B.Sc. 
Technical Officer-Miss R. G. Loomes, A.8.T.U. 
'l'eclmical Officer-Miss A.. Mol. Munay, B.Sc. 
Li brariai1- Miss R. Souham i, B.Sc. 

9. Co111 11JONWEALTH RBsE;utGJJ. S TATION ( M OR.R,AY 

I nluGA'no'N .A.REAS) . 

(Head-quarters : 111.erbein, Victoria.) 
Oincer-i11-charge~ F. P enman, M.Sc. 
P rincipal Research Officer- J. G. Baldwini :$.n.gr.Sc .. 

B.Sc. 
Jtesoarch OtHcer ......,W, J . Webster, B.So. 
Hesel.u'ch O.A-icer__..A, J . Antcliff, . B,Sc. 
Hf\searcb Officflr- 111'. R. Sauer, B.Agr.Se, 



Research Ofticer- S. F. Bridley, 13.Agr.So. 
Research Officel'-R. a. Woodham, B . .Agr.Sc. 
Research Oflicer-D. McE. Alexander, B.Sc. 
Research Office11-J. V. Seekamp, B.Agr.Sc. (half-

time). 
Senior Technical Oflice r~J. E. Giles. 
Technical Offiocr,......G. L. Stott, A.S.T.0 . 
Technical Officer-S. A. Giddings1 B.Sc. 
T~ohnio!ll Officer-P. 1fay, ll)g.Agr. 

10. D,\ntY REsF;,\I!OH 8EQTION . 

( Head-q11a r tors: Lorimer-street, Fi;sbf)rm~n's Bend, 
Victoria.) 

Officer-in-charge-G. Loftus Hills, B.Agr.Sc. 
:LabQratory Secretary-A. R,. R,lingender, B.Sc:. 
Principal Research Officer-N. King, ::M:.SQ. 
Senior Eesearcb 0-/ticer,--E. G, Pont, M.Sc,Agr. 
Senior Research Offic~r-K. Kumetat, Ph.D. 
S<1nior Research Offieer- J . Cono(!hic, B.Sc. (Agric.) 
Senior Research Officer-J. Czu]ak1 B.Sc.(Agric.), 

Dip,Eact. 
ReseaJ"cl1 Officcr~A. J . Liwrenre, B.Sc. 
Research Officer-D. A. Forss, l\lI.Sc. 
Resea rch Officer-J. W. Lee, B.Sc. (on study leave). 
Researcli. Officer- Miss ,J. B. Naylor, M.Agr.So. 
Technical Offic~r-R Beeby, A.M.T.C. 

11. DIVISION OF ELECTJlO'I"ECliN'OLOOY. 

(He/Id-qua rters : N ationf!l Stanclard~ Laborntqry at 
University of Sydney.) 

Ohief-F. J . Lehany, M.Sc. 
Technical Secretary-R. C. Richardson, B.E. 
Principal Research Officer- W. K. Clothier1 B.Sc., 

M.E. 
Pri~cipal Research Officer-A. M. Thompson, B.Sc. 
Principal R esearch Officer-R. J. Mealµns, B.Sc., 

fh,D., D.I.C. 
Principal Rese8:rch Officer-B. V. Hamon, )3,Sc., B.E. 
P rincipal Reseqrch Officer~. L. Hollwµ.y, B.E.E., 

M.Eng.Sc., D.Sc. (Eng.) 
Senior Research Officer-L. G. Dobbie, ¥,E. 
Senior Rescarcl1 Offioer-J. S. Dryden, M.Sc., Ph.D .. 

D.I.C. 
Research 
Research 
Research 
Research 

. Ph.D. 

Officer-J. J. O'Dwyer, B.Sc., RE., Pl1.D. 
Officer-'.r. M. Palmer, Dipl. F .H . 
Officer- G. J . A, Cassidy, B.E.E. 
Officcr-D. L. H . Gibbings, B.E., B.Sc .. 

Research Officer-D. W. Posener, M.Sc., Ph.D. 
Research Officer-H. J{. W elsh1 ~I.Sc. 
Researl)h Officcr-G. J . ,Johnson, B.Sc. 
Research Officcr-D. G. Lampard, M.Sc. (abroad) . 
Research Officer- -Mrs. P . Arnqlcl, A.S.T.C. 
Re&earch Of{lcer-W. E . SJ11ith, B.So. 
Researc~ Qfficcr-P. G. Harper, B.Sc., Ph.D. 

(abroad) . 
Pi-incipal Technical Officer-L. Mi,dina, Dipl.Ing. 
Senior '-i'echnical O:fficer- L. i\f. Mandl, Dip,l.Ing., 

A.S.'l'.C. 
Senior Technical Officer-F. C, Brown, A.$ .T .Q, 
Senior Technical Officer-H. A. Smith, A.S.T.O. 
Technical Officer-R. W, Aroher, A.S.T,O. 
Technical Officer-E. Cowcher, 13.A., A.S,T.C. 
Technical Officer-H. C, Collins, A.S.T .C, 
Technical Officer-J. M. Melano, A.S.T.O. 
Technical Officer,.,...,}.f. C. McGregor, A..S,',J:' .C. 
Technical Officer- K, M. Goodson, B.Sc. 
Technical Officcr-F. 0. Hawes, A.S.T.C. 
Technical Officcr-J. S. Cook, B.Sc. 
Technical Officer-R. E . Holmes, A.S.T .C. 
Technical Officer- N . L. Brown, A.S.T.O. 
Technical Officer-R. P . Hoffman, A.Sw.T.O. 
Technical Offioer- D. A. Mustard, B.Sc. 

12. Drv1s10r:,i oH E1no){cn:.(;lo¥. 
(Read-quarters : Oanbe1•ra, Aust11alian Capital 

Territory.) 
At Ganberra-

Ad.ministratio11r-
Chief-A. J. Njgholsonl :p.si:. 
Assistant Ohief- D. 'F. Waterhouse, P,Sc. 
Technical Secretary-;K. L. Taylor, B.Sc,Agr. 
Librarian-Miss J . Humphreys, 13.A., Dip.Ed. 

(half-time). 
Chief Clerk-K. J. Prowse (half-time), 
DqptJty O}lie,f Olei,k-D. W, B1myard C)1Ali•time). 
Accountant~L, J,. P e,res1 B.Ec, (h.alf-t~~) . 

Biological Conlrol-
Principa1 Research Officer-F. Wilson. 
Research Qfflc!lx-=Mi§s }i,L :_Fielding, B.Sc., Ph.D. 

1lf?+S(J'l(,1lr,-
Research Officer-T. G. Campbell. 

Taxonomy of Diptera-,-
$eJlip,• Reseirc!l Qf)iQer-,-~, J. !'!n•axmi:u.ov, D.Sc. 

Physiology and To:eicology-
Assistant Chief-D. F. W aterhouse1 D.Sc. 
Senior Research Officer,-D. Gilmour, M.Sc. 
Senior Research Officer-R. H. Hackman, M.Sc., 

Ph.D. 
Research Officer-R. F. Powning, M.$c., .A.S.T.C. 

(on furlough). 
Research Offirer--L. B. Barton-Rrowne, B.Sc. 
Technical Officer,-L. G. Webber1 B.Sc. 
Teclmical Officel'- H. Irzykiewicz. 
Technical Officel'- Miss M. Lazarus, B.Sc. 
Technical Officer~Mrs. M. M. Goldberg, RSc. 

lnsecticide I nvestigatiqns-
Senior Research Qfficer-R. W. E;err

1 
B.Sc. 

Locust and Gras$happwr fove11tig(1,f.i(:)f//S,-
Pri11c:i pal Resca,n;h Officer- ~ . :S:, L. Ke,y1 D.Sc. 
Technical Officer-L. J. ChinniGli, R.I).A. 

G oc'f.chaf er I n11estig(1,tions-=-
Senior Research Officer-P. B. Carl.1~, B.,A~r.Sc., 

P)1.D. 
fl frus Vector Investigations-

Princi pal ~es~an;h Qffic~r_,.Af :f. P1\Y1 B.Sc., 
Ph.D. 

l\eseargh Off\c(;)r~T. U. C. 0-rll,ce, B.$g. 
Technica,l Offic~r-,-;N'. ;E. Gry1J$, ;Q.]).,A. 

'termit~ _Ir,,uestif}Mio'T!~ 
Semor Reseal'(:h Officer-F. J. Gay, B.Sc,, D.I.C. 

l lnt Investigations.-
Senior Research Officer--T. Greaves. 

Popi4lati9n Dynamics-= 
Chief of Divi~ion=--A,. J, Nic4!'ll!>9ll, n,.Sc:. 
Senior r:J.'i:chnical Offigl)r....,....A. T. Mi Us. 

fi'ield Popula.tion St11dies-:-
Senior Research Ofncer-L. R. Clark, M.Se. 
Technical Officer- A. M~gaiisy1 Pr,Agr.Sc. (l.31.1da

pe!lt) . 
Pasture Cale1·pillar .I7!tvo.~tigo,tignQ-

Senior I{esearoh Offl.cqr~I. F. ;B, 0Qrnmgn
1 

M.A., 
M.A~r.Sc. (~hrQa<l) . 

8i;ored Products Pests l nvesti,qations-
Senior Research Officer-S. W. Bailey, B.Sc., 

4 .R.Q.~. 
Potcito _ijfoth a11,d Ta:i:onarrty of Jlymen,optera

.Senior Researc4 Qfflciir-~. F. Riek, M.Sc. 
fl.t Yee1·ongpilly, Q111:ensland-

Catlle Tick Investigations-
Principal Research Offioer-K. R. N or1•is, M.Sc. 
Rese1rch Officer-W. J. Roulston, B.Sc. 
TeclmiC'al Officer-R. 1,... J . Mey~r~, Q.D.A.H., 

Q.D.D. 
Technical Offioer-H. Schnitzerling, Dip.Ind. 

Ohern. 
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At Roclchampton, Qiieensland
Gattle Ticlc Investigations-

Senior Research Officer-P. R. Wilkinson, M.A. 

At Nedlands, Western Auslralia-
Earth Mite and Lucerne Flea Investigations

Senior Research Officer-M. M. H. Wallace, 
B.Sc. 

Technical Officer- J. A. Mahon, Dip.D.Sci. 

tit Sydney-
Biological Control-

Senior Research Officer-G. J. Snowb11l, B.Sc. 
Technical Officer- A. R. Peak, H .D.A. 

13. DIVISION OF FISHERIES. 
(Head-quarters: Cronulla, New South Wales.) 

At Gronnlla-
Chief-H. Thompson, M.A., D.Sc. 
Technical Secretary-Mrs. L. M. Willings, B.A. 
Se>nior Research Fellow- L. G. M. Baas Decking, 

Ph.D., D.Sc. 
Principal Research Officer-M. Blackburn, D.Sc. 
Principal Research Officer-D. J. Rochford, 

B.Sc. 
Principal Research Officer-E. J. Ferguson Wood, 

B.A., M.Sc. 
Senior Research Officer-I. S. R. Munro, M.Sc. 
Senior Reseal'ch Officer- J. M. Thomson, M.Sc. 
Research Officer-R. S. Spencer, B.Sc. 
Research Officel'-Miss P. Kott, M.Sc. 
Research Officer-G. S. Grace, B.Sc. 
Research Officer-T. W. H ouston, B.Sc. 
Technical Officer-J. P. Robins, B.Sc. 
Technical Officel'- H. R. Jitts, B.Sc. 
Technical Officer- R. F . Mitchell, M.Sc. 
Technical Officer-D. Thompson, Dip.Appl.Chem. 
Technical Officel'-I. R. Kaplan, M.Sc. 
Technical Officer-Miss B. B. Dew, B.A. 

At J1felbourne-
Technical Officer-P. E. Gartner, B.Sc. 

At Perth-
Senior Research Officel'-K. Sheard, D.Sc. 
Research Officer-W. B. M1lcolm, Il.Sc. 
Research Officer- R. G. Chittleborough, B.Sc. 
Research Officer-R. W. Geol'gc, B.Sc. 
Technical Officer-A. Middleton, Dip.Chem. 

At Hobart-
Senior Research Officer- A. G. Nicholls, B.Sc., 

Ph.D. 
· Senior Research Officer- A. M. Olsen, M.Sc. 
Research Officer-A. H. Weatherley, 13.Sc. 
Research Officer-T. R. Cowper, B.Sc. 
Research Officer-D. E. Kurth, B.Sc. 
Technical Officer-A. B. Jack, B.Sc. 

At Dimwich, Q1teensla.nd-
Technical Officer- D. J. Dunstan, B.Sc. 

At Thursday Island, Queensland
Research Officer-J. S. Hynd, B.Sc. 
Technical Officer- D. J. Tranter, B.Sc. 

14. D1v1sION OF Fooo Pm,sEnVATION AND TRANsroR1·. 

(Head-quarters : State Abattoir, Homebush Bay, 
New South Wales.) 

At Hornebiish, New South Wales-
Administration and General-

Chief-J. R. Vickery, M.Sc., Ph.D. 
Technical Secretarv-R. B. Withers, M.Sc., 

Dip.Ed. " 
Technical Officer-Miss E. M. Christie, B.Sc. 
Senior Librarian-Miss B. Johnston, B.Sc. 

Ph'ljsics and Transpo1·t Section-
. Senior Principal Research Offi.cer- E . W. Hicks, 

B.A., B.Sc. 
Senior RcsC'arch Officer-M .. C. Taylor, M.Sc. 
Research Officer-G. M. Rostos, Dipl.Ing. 
Research Oflicer-H. L. Evans, M.Sc. 
Technical Officer-Miss J . A. H iscox, B.Sc. 

Microbiology Section-
P rincipal Research Officer-W. J. Scott, B.Agr.Sc. 
Senior Research Officer-W. G. },forrell, 

B.Sc.Agr., D.PhiJ. . . 
Research Officcr-J. H. B. Cln1stian, B . .Sc.Agr. 
Senior Technical Offieer-D. F . Ohye, D.I.C. 
Technical Officer-Miss B. J . Marshall, A.S.T.C. 

Biochemistry Investigations- . 
Principal Research Office1·-F. E . Huehn, B.Sc., 

Ph.D. 
Research Officer-J. B. Davenport, M.Sc. 

Organic Chemistry Investigations-
Senior Rese:irch Officer-Miss T. M. Reynolds, 

M.Sc., D.Phil. 
Research Officer-A. S. F . Ash, B .Sc., Ph.D. 
Research Officer- E. F . L. J. Anet, M.Sc., Ph.D. 

Fruit and Vegetable Storage Section-
Senior Research Officer-E. G. Hall, B.Sc.Agr. 
Research Officer-Miss J. M. Bain, M.Sc. 
Technical Officer-T. J. Riley, H.D.A. 
Technical Officer-J . A. Casey, A.M.T.O. 

Plant Biochemistry Investigations-
Senior Research Officer-J. T. Turner, M.Sc., 

Ph.D. 
Technical Officer- Mrs. D. H . Turner, M.Sc., 

Ph.D. 

Canning and Fruit Prodncts Section-
Principal Research Officer- L. J. Lynch, 

B.Agr.Sc. 
Principal Research Officer- J. F . Kelford, M.Sc. 
Senior Research Officer-R. S. Mitchell, 

M.Sc.Agr. 
Rese:irch Officer-TI. V. Chandler, B.Sc. 
Research Officer-E. G. Davis, B.Sc. 
Research Officcr- P . W . Board, B.Sc. 
Technical Officcr-T. A. Meyer, Dipl.Agr. 

Dried Poods Section--
Research Officer-D. McG. McBean, B.Sc. 

Fish Preservation Invesligafions-
Princiual Resea1·ch Office1·-W. A. Empey, 

B.V.'Sc. 

Egg lnvestigations-
Chief-,1. R Vickery, M.Sc., Ph.D. 
Technical Officcr-F. S. Shenstone, A.S.T.C. 

Freezing of Fruit and Vegetables-
Research Officer- I. J. Tinsley, B.Sc. (overseas). 
Research Officer-J. H. Schel tema, M.Sc. 

At Auburn, New Soidh Wales
Meat Dehydration Investigations-

R esearch Officer-A. R. Prater, B.Sc.Agr. 

At Rotany School, University of Sydney
Plant Physiology Invesliga.tions-

Senior Principal Research Officer-R. N . Robert
son, Il..Sc., Pb.D. 

Senior Research Officer-H. S. McKee B.A., 
D.Phil. ' 

Research Officer-Miss M . Wilkins, M.Sc. 
Research Officer-1\l[rs. J . Peti.rson, M.Sc. 
Research Officer-A. B. Hope, B.Sc., Ph.D. 
Technical Officer-Mrs. L. N esztel, B.Sc. 

At Botany School, University of Melbo1wne
Plant Physiology Investigations-

Research Officer-K. S. Rowan, M.Sc. 
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At Biochernistry School, University of Sydney-
Ph?;sical Ohernistry Section-----

Rescarch Officer-IL A. McKenzie, M.Sc. 
Research Officer-J. J. Macfarlane, M.Sc. 
Technical Officer-M. B. Smith, A.S.A.S.M. 

At Tasmanian Regional Laboratory, Hobart
Canning a.nd Fr1iit Products-

Technical Officer-R. A. Gallop, A.S.T.0. 
Pish Preservation Investigations-

Technical Officer-K. W. Anderson, A.M.T.0. 

At Cannon Hill, Queensland-
Meat Investigations-

Officer-in-charge-A. Howard, M.Sc. . 
Senior Research Officer-G. Kaess, Dr.Ing. 
Research Officer-A. D. Brown, M.Sc. 
Research Officer-H. L. Webster, B.Sc'h Ph.D. 
Technical Officer-N. T. Russell, D.I.u. 
Tcclmical Officcr-P. E. Bouton, B.Sc.
Technical Officer- M. F . Meaney, B.Sc. 

With United Kingdom, Ministry of Food-
Senior Research Officer-N. E . Holmes, B.E.E., 

M.Mech.E. (seconded). 

With CornrnonweaUh Department of Commerce a.nd 
Agricultnre, Sydney-

Research Officer-J. Shipton, B.Sc.Agr. 
(seconded) . 

15. D11•1sION OF }'ouEsT PRODUCTS. 

(Ilcad-quarters : 6!) Yana Bank-road, South 
Melbourne, Victoria.) 

Administration-----
0hief-S. A. Clarke, B.E. 
Assistant to 0hief-0. S. Elliott, B.Sc. 
Assistant to Chief-H. E. Dadswell, D.Sc. 
Technical Secretary-F. A. Priest, A.S.A.S.M. 
Research Officer-A. P. Wymond, M.Sc. 
Senior Librarian-Miss M. I. Huhne. 
Senior Technical Officer- L. Santer, Dip.Eng. 
Technical Officer-P. J . Moglia, Dip.Mech.Eng. 

Wood and Fibre Structure S ect·ion.-
Senior Principal Research Officer-H. E. Dadswell, 

D.Sc. 
Principal Research Officer- A. B. Wardrop, M.Sc., 

Ph.D. 
Senior Research Officer-Miss M. M. Chattaway, 

M.A., B.Sc., D.Phil. 
Senior Research 0 ffieer-W. E . Hillis, M,Sc., 

A.G.Inst. Tech. 
Senior Research Officer-H. D. Ingle, B.For.Sc. 
Senior Research Officer-I. V . Newman, }if..Sc., 

Ph.D. 
Technical Officer-Miss M. F. Day, B.Bc. 
Technical Officer- 0. F. James, B.Sc. 
Technical 0ffieer-J. W . P . Nicholls, B.Sc. 

1V ood Ohcrnistry Section-
Senior Principal Research Officer-W. E. Cohen, 

D.Sc. 
Principal Research 0fficer-D. E . Bland, M.Sc. 
Senior Research Officer-H. G. Higgins, B.Sc. 
Senior Research Officcr-R. C. McK. Stewart, B.Sc. 
Senior Research Officer-A. J. Watson, A.M.T.0. 
Research Officer-Miss J . F. Hobr..en, B.Sc. 
Research Officer-A. von Koeppen, Dr.Ing. 
Technical Officer-Miss V. Goldsmith, .'i.M.T.0. 
Technical Officer-A. W. McKenzie, A.:M:.T.0. 
Technical Officer-J. A. McPherson, B.Se. ( on 

leave). 
Technical Officer-Mrs. R. Payne, B.Sc. 
Technical Officer-Miss G. Schwerin, B.Sc. 
Technical O:fficer--Mrs. E. F. Frydman, B.Sc. 
Toclmical Officer-Miss C. Stamp, B.Sc. 

Timber Physics Sectio11r--
Principal Research Ofilcer-R. S. T. Kingston, B.Sc., 

B.E. 
Senior Research Ofilcer-G. N. Christensen, Ph.D., 

M.Sc. 
Senior Research 0fficer-L. N. Clarke, M.Mech.E ., 

B.Eng.Sc. 
Research Officer- Miss K. E . Kelsey, B.Sc. 
Technical Officer-L. D. Armstrong, A.M.T.C. 
Technical Officer-N. 0 . Edwards, A.S.M.B. 
Technical Officer-P. U. 1-,.. Grossman, Ph.A.Mr. 

Timber Mechanics Section-----
Principal Research Officer-J. D. Boyd, M.0 .E. 
Senior Research Officer-N. H. Kloot, M.Sc. 
Senior Research 0 fficer-R. G. P earson, B.A., B.0.E. 
Technical Officer-J. J. Mack, A.M.T.C. 
Technical Officer- K. B. Schuster, A.M.T.C. 
Technical Officer-Miss A. Ryan, A.M.T.C. 

Timber Seasoning Section-----
Principal Research Officer-G. W. Wright, M.E. 
Senior Research Officer-J. W. Gottstein, B.Sc. 
Research Officer-W. G. Kauman, B.Sc., A.M.T.0 . 
Senior Technical 0fficer-L. J. Brennan. 
Technical Officer-F. J. Christenson, A.M.T.C. 

T ·imber Preserva lion Section-----
Principal Research Officer-N. Tamb~yn, M.Sc. 

(Agric.). 
Senior Research 0fficer-E. W. B. Da Costa, 

:M:.Agr.Sc. 
Senior Research 0fficer-E. L. Ellwood, M.Sc. (For.), 

Ph.D. 
Research Officor--Miss S. J. Wilson, M.Sc. 
Research Officer-lifiss M. E. Lancaster, !iLSc. 

( tern porary). 
Senior Technical Officer-J. Beesley, Dip.For., 

M.Sc.(For.). 
Senior Technical Officer-F. A. Dale, Dip.Mech. 

Eng. 
Renior Technical 0 fficer-N. E. M. Walters, B.Sc. 
Technical 0fficer- T. E. H. Aplin, B.Sc. 

Veneer a.nd Gluing Section-----
Senior Research Officer-A. Gordon, B.Sc. 
Uesearch Officer-K. F. Plomley, B.Sc.(Agr.). 

?'i-mber U tilizalion Section-----
Senior Principal Research Officer-R. F. Turnbull, 

B.E. 
Research Officer-W. M. McKenzie, B.Sc.(For.). 
Technical Officer-D. S. Jones, B.C.E. 
Technical Officer-R. L. Cowling, Dip.Mech.Eng., 

Dip.E.E. 

16. DIVISION OF INDUSTRIAL CHEMISTRY. 

(Head-quarters : Lorimer-street, Fishermen's Bend, 
Victoria.) 

Ad•rninistration,--
Chief-I. W. Wark, D.Sc., Ph.D. (abroad) . 
Divisional Secretary- L. Lewis, B.Met.E. 
.Assistant Secretary-A. E. Scott, M.Sc. 

Minerals Uf,ilization Section-----
Senior Principal Research Officer- R. •G. Thomas, 

RSc. 
Principal Research 0fficer-'l'. R. Scott, D.Sc., B.Ed. 
Principal Research Officer- A. Walkley, B.A., D.Sc., 

Ph.D. 
Principal Research Officer-A. W. Wylie, M.Sc., 

Ph.D. 
Senior Research Officer-R. C. Croft, M.Sc. 
Senior Research Officer-F. K. McTaggart, M.Sc. 
Senior Research Officer-I. E. Newnham, M.Sc. 
Senior Research Ofilcer------s.A. D. Wadsley, M.Sc. 
Research 0 fficer-P. :M. J . Gray, B.Sc.(Hons.), 

A.R.S.M. 



Research Officer-D. F. A. Koch, B.Sc.(Hons.) . 
Research Officer-E. S. Pilkington, A.S.T.C. 
Research Officer-D. E. Scaife, B.Sc.(Hons.) . 
l}ei,earch Off\cer---,-A. G. Tumbull, B.Chem.Eng .. 

(Rons.) . 
-Senior rr eclmical Officer--.H. E,. Skewes, A . .!o\.O.l. 
Technical Officer-Miss I. J . Bear, A.M.T.O. 
Technical Officer-,-Miss E. E. Rutherford, B.Sc. 

Cement cmcl O~Nimics Seclior1r-
P11incipal Research Officer- 1L ,J . G&ski11, M.Sc. 

( on study leave) . 
P rincipal Re!iearch Officer-JI. E. Vivian, B.Sc.Agr. 
Princiilal Research Officer-Ct. F. Walker1 B.Sc., 

Ph.D. 
Principal Research Officer- W. 0. Williamson, B.Sc., 

Ph.D. 
Senior Research Offiper-S. M;. Brisbane, B.A., B.Sc., 

A.M.T.C. 
Senior Research Officer-H. Ellerton ( at Bonython 

Research Laboratory, School of Mines, Adelaide) . 
Senior Research Officer-L. S. Williams, D.Phi1., 

B.E. 
Research Officer-K. 11. Alexander, M.Sc., Ph.D. 
Research Officer-G. M. Brnere, M.Sc. 
Research Officcr-H. R. Samson, B.Sc., Ph.D. 
Research Officer- J . H . Taplin, B.Sc.(Hons.). 
Senior Technical Officer-C. E. S. Davis, B.Sc. 

(Ho:qs.). 
Senior Technical Officer-K. Grant, B.Sc. 
.Senior Teclmica] Officer-J. D. Wolfe. 
Technical Officer- R. W. Cox, F .M.T.C. 
Technical Officer-P. J . Darragh, B.Sc. (at 

Bonytlion R esearch Lahoratory, School of Mines, 
Adelaide) . 

Tec4nica1 Officcr-R. R. Hug}ian. 
Technical Officer-Mrs. M. La\1-rence, B.Sc. 
'.I;'echnical Officer-:Miss B. C. Terrell, B.Sc. 
Technical Officer-J. Wardlaw, B.Sc.(Hous.). 
Technical Office1·- J. H. Weymou th, B.Sc. 

Ti'oundry Sands Seatior1r-
Senior Research Officcr- H . A. Stephens, B.Sc. 
Technical Officer-P. W. Goad, A.M.T.C. 
Technical Officer-A. N . Water worth, A.H .T.C. 

C'lie11ifral Physics Section-
Senior Principal Research Officer-A. L. G. Rees, 

D.Sc., :Pl1.D. 
Principal Research Officer-A. Walsh, M.Sc.Tech. 
P rincipal Research Officer-J. L. Farrant, M,Sc. 
Principal Research Officer-A. McL, :Matliieson, 

B.Sc., Ph.D. (abroad) . 
Seriior Research Officer-D. A. Davies, B.Sc. 
Senior Eesearch Officer-J . i\I. Cowley, :rvLSc., Ph.D. 
Senior Research Officer-.T. D. Monison, B.Sc., 

Ph.D. 
Senior Research Officci·-A. J. C. N icl:iolson, M.Sc., 

Ph.D. 
Senior Research Officer-G. R. Hercus, M.Sc., 

D.Phil. 
Senior Research Officer-J. B. Willis, ivf.Sc., P b.D. 
Research Officer-A. F. Moodie, B.Sc. 
Research Office1•-A. J . Hodge, B.Sc., Ph.D. 
Research Officer-B. Dawson, M.Sc., Ph.D . 
Research Officer-J. P. Shelton, M.Sc., A.R.8.M. 
Research Office1•-C. Billington, B.A. 
Research Officcr-C. K. Coogan, i\LSe., Ph.D. 
Research Officer- J. O. Cope, M.Sc., Ph.D. 
Research Offieer-J. Fridrichsons, M.Sc. 
Research Officer-A. 0. Hurley, M.A., B.Sc., Ph.D . 
.Research Officer- A. F. Beecham, B.So. 
Research Offieer-J. 0 . Riviere, M.Sc. (on study 

leave) . 
Research Officer-J. V. Sullivan, M.Sc. ( at Unive1·

sity of Westem Australia) . 
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Research Offioe1•-N. S. Ham, M.Sc. (on study 
leave) . 

Research Offiper-:P. Gpodpian, M.Sc. 
Research Offic~1-W. 0 . T. Dowe!], M:Se. 
Technical Offleer~E. Oalrnnoviik1a, D1pl,bg. 

Physical Ohemistriy Seotion-
Senior Principal Research Officer-R. L. Sutherland, 

D.Sc,, Ph.D. 
Principal Research Officer-S. D. Hamann, M.Sc., 

Ph.D. ( at Depa1•tme11t of Chemical Engineering, 
University of Sydney) . 

Senior R esearch Officer- J . A. Barker, B.A., :G.Sc. 
Senior Research Officer-I. Brown; B.Sc. (Hons.). 
Senior Research Officer-W. E. Ewers, M.Sc. 
Senior R esearch Officer- V. A. Garten, D.Sc. 
Seµior Re~e~rch Offic~r-W. W. ¥aµsfield, B.Sc. 

(HOJ!S.) . 
Senior Eesearch 0ffi<,i~r-E. A. Swinton, B.Sc. 

(Hons,) . 
Senior Research Officer-D. E. Weiss, B.Sc. 
Senior R esearch Qfficer- M. E . Winfield, ¥ .Sc., 

Ph,D. (qbro!cld). 
Research Offieer-H. G. David, B.Sc. (iit Depart· 

ment of Chemical Engineering, Uuive!'sity pf 
Sydney) . 

Res~arch Officer- t . Ewald; B.Sc., Ph.]). (at Depart
ment of Chemical Engineering, University of 
Sydney). 

Research O:fficer-E. P . P urser, B.Sc.(Hons.) . 
Research Officer- J . Bowler Reed, B.Sc., Ph.D. 
R~search Officer-H. P. Rpthbat1m, E,-t\.., M.Sc. 
Senior Technic~l Officer-L. ;F. Evans, D .S.M.B. 
Technical Officer-W. Fock, B.Sc. 
Technical Officer-M. I;inton, B.Sc. 
Technical Officer-R. M<,Neill, .A.S.T.C. 
Technical Officer-F. Mea<Jpw&, B.Sc. 
Technical Offieer-M. Ro$s, Ing. 
Technical Q$cer- F . Smith. 

Organic Chemist'T'y Seotio11r-
Senior Principal Research Officer-H. H . Hatt, 

D.Sc., Ph.D. 
Senior Principlll R esearch Offieer-J. R. Price, 

M.Sc., D .Phil. (abroaq) . 
Principal R esearch Officer-W. Zimmerma}ln, D.Ing. 
Senipr Eesearch Officer-C. O. J. 0-µlvcnor, P l}.D., 

D.Phil. 
Senior Researrh Officer-;J. S. Fit?:gerald, l!.Sc., 

Ph.D. -
Senior Eesearch Officer-K. E. Murray, B.Sc. 

(Hons.). 
Research Officer-0 . .£. Biin1es1 ~LSe., Ph.D. 
Ilese11rch Offl.cer-R. B. ~radbury, B.Sc., Pjl,D. 
Research Officer-W. D. Crow, M.Sc., P,4.D. 
Research Offieer- L. K . Dqlton, A . .S.T .C. 
Research Officer-H. I?uewell, B.So,, Ph.D. 
Researcp Officer-E. Geller t, Ph.D. 
Research Officcr-N. 0 . Hancox, M.Sc. 
Research Officer- J . A. Lamberton, B.Sc., Ph.D. 
Research Offieer-R. J . L. Martin, M.Sc., Ph.D. 
Technical Officer-W. G. Austin, Dip.App.Chem. 
Technical Officer- G. B . Carter, Dip.App.Chem. 
Technical Officer-P. M. H unter, A.S.T.O. 
Technical Officer-M. Michael, M.Sc. 
Technical Officer-A. H. Radcliffe, Dip.Anal.Ohern. 

M.U. 
Technical Officer-R. Schoenfeld, B.Sc. 
Technical Offieer-L. W. Smith, B.Sc. 
Technical Officel'-A. z. Szumer (on study leave). 

Chemical Engineering Sectior1r-
Principal Research Offieer-R W. Urie, B.Sc., S.M. 
Senior Research Offieer---T . .T. Biroh, B.Sc. 
Senior Research O:fficer-J. D. Blackwood, B.Sc._ 

Ph.D. 



Research Ofµcer-K. H all, ;tvLSc. 
Res~;i.rch Officer-0. G. I ngle~, M . .Sc. 
Research Officer-P. Terry, B.Sc.(Hons.), M.Obem. 

Eng. 
Research Officer- A. B. Whitehead, B.Sc. 
Senior Technical Officer-J. B. Ross, B.Sc., 

A.M.T.O. 
Senior Technical Officer-D. H. Trethewey, 

A.M.T.O., A.I.O.E. 
Senior Technical Officer-B. W. Wilson, M.Sc. 
Technical Officer-P. Casamento, D.Ing. 
Technical Officer- (¾. Evans, B.Sc. 
Technical Officer-F. McGrory, B.Sc. 
Technical Officer- 0 . W. Thomas, B.Sc. 
Sectional Draughtsman-0. Simpson. 

dt Di·vision of Elr;ctrotechnology, Sydney-
Research Officer-H. K. Welsh, B.Sc. (seconded). 

Library-
Librariim- Miss B. M. Brown, B.Sc. 

17. ImnnNrION ~ESEAROR S·raTION (MuRJUJMRIDORE 

l RRIG·ATION AREAS). 
(Head-quarters : Griffith, New South Wales.) 

Officer-in-charge-E. S. West, B.Sc., M.S. 
Research Officer (Plant Physiology)-0. T. Gates, 

B.Sc.Agr. 
Technical Officer-Ir. D. Bouma. 
Technical Officer-Ir. H . Groenewegen. 
Librarian-Miss M. Russell. 

Seconded to New Soiith Wales Department of Agri
c1tlture-

Senior Research Officer-D. v. Walters, 
, lvLAgr.Sc·. . 

Research Officer-Mrs. J. Tully, B.Sc., Ph.D. 

18. LAND R ESEARCH AND REGIONAJ, S URVEY SECTION. 

(Head-qnarters : Canberra, Australian Capital 
Territory.) 

At Head-qiiarters, Oanberra-
Officer-in-charge-0. S. Christian, B.Sc.Agr., M.S. 
Technical Secretary-Miss M. Mills, B.Sc. 
Principal Research Officer-E. Phillis, Ph.D., D.Sc. 
Researcl1 Officer-R. 0 . Slatyer, B.Sc. (Agric.). 

At Kimberley Research Station, Wes tern Australia
Research Officer-L. 0. Lee, B.Agr.Sc. 
Technical Officer-E. 0. B. Langfield. 
Technical Officer-A. L. Chapman, B.Agr.Sc. 

At Katherine Re,search Station, N orthem Territary
Refieiq·ch Otficer- W. Arndt, B.Sc.Agr. 
R,e13ea1,ch Otficer-F. H. Kleinschi:µidt, B .Sc.Aip·. 
Technical Officer-L. J . PhilJips, Q.D.D.M. 
Techuical Qfficer- W. R. Stern, B .Sc.Agr. 
Technical Officer-L. J . McHugh, B.Sc.Agr. 

1lt Alice S1J1'ings, Northern Territory
Te<;bnical Officer-R. E . Winlnvor~h, B.Sc. 

Re,qional Survey, Canberra-
Senior Research Officer-G. il. Stewart, B.Agr.Sc. 
Research Officer-R. A. Perry, B .Sc. 
Research Officer- N . H. Speck, M.Sc. 
Research Officer-J. R. Sleeman, B.Ag1·.Sc. 

(seconded from Division of Soils) . 
Research Officer- 0 . R. Twidale, M.Sc. 
Technical Officer- M. Lazarides, Q.D.A. 

Pa-piw-N ew Guinea Resom·ces Survey, Oanbei·rn
Research Officer-S. J. Paterson, B.Sc. 
1:lesearch Officer-H. A. Haantjens, Ing.Agr. 
Research Officer-R. D. Hoogland, D.Sc. 
Research Officer- B. W. Taylor, B.Sc. 
Technical Officer-J. 0. Saunders, B .Sc.Ag1,. 
Technical Officer-Miss J. Bradley, B.Sc. 
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19. MA'rHE111iTIOAL lNS"roUM!JlNTS SECTION. 

(He~d-quarters : Depiirtment of ElectriQ~) 
Engineeriµ,g, Uni ver,sity 9£ Sydney.) 

Officer-in-charge-P~·ofesi;pr :P. ;M. M;rers, !3.$g., 
D.Sc.Eng. 

Resea1,.ch Officer-¥. W. A~len, B.E. 
Technical Oftker-R. J . Keith, ;J3.E., A.S,r.O. 

20. D1v1s10~ OF MaT11EMATIOAI, S-r.ATISTic:;. 

(Head-quarters : University of Adelaide.) 
.-1 t H eacl-qttarters, Adelaide-

Obief- E . A. Cornish, D.Sc., B .Agr.Sc. 
Senior Research Officer- A. T. Jame~, M.Sc., 

Pll.D. 
Research Qfficer,,....G. N . Wilkinson, B.Sc;. 
Technical Qfficer=-lL :r,. Dudzins)ii, ~ .$(). 

At Division of Animal Health and P'T'oduction, 
Sydney-

Principal Research ()f:licer-Miss H. A. Newton 
Turner, B.Arch. 

Research Officer-V. J. Bofinger, B.Sc. 
Research Officer-Miss N, ~ - Hemi11gway, B.$c. 
Research Officer-Mi~s M. Q. }4:cKevett, B.A. 

At Division of A?!,imal Health and Prorluetion, 
Prospect, New South Wales-

Research Offi.cer- H. A. David, B.Sc., Ph.D. 

flt DiviS'ion of Building Research, High~tt, Victaria
Senior Research Officer-R. Birtwistle, B.Sc. 
Rese14rch Oflk!)1·- W. B. H?,11, B.A. 

; Lt Goal Resea1·ch Section, North Ryde, New South 
Wales-

Resear~h Offl.cer-A. G. L. Elliott, B.Sc. 

At Division of Food Pr-eservation and T11ansport, 
llomebi1,sh, New {Jouth Wales-

Senior Research Officer-G. G. Coote, B.A., B.Sc. 
Research Office1•--, V . Chew, B.Sc. 

At Div1·sio11 of Forest Products, 11felbourne-
Principal Research Officer-E. J. Williams, 

B.Com., D.Sc. 

; t t Division of Plant Industry, Canberra-
Principal Eesearch Officer-a. A. McIntyre, 

B.Sc., Dip.Ed. 

11.t Df,,uisiori, of Plant f.ndustry, Brisbane
Resear.ch Officer- K. P. Haydock, B.Sc. 

A.t Re9iov,al Past()r(l,l Laboratory. 11?-midale, New 
S onth Wales-

Research Officer-P. Jr. 1.{ay, B.Sc.A~·-

.4.f: University of Weste1•n Aiistralia, Perth,
Research Officer-N. S. Stenhouse, B.Sc. 

21. SECTION 01>' M~TEOROLOGIO,l\L P HYSlQS. 

(Head-quarters : Station-street, Aspendale, Victoria.) 

Officer-in-charge-C. H . B. Priest~ey, M.A., Sq.D. 
Principal Eesear.ch Officer-W. 0. Swinbank, B.$c. 
Principal R esea1•ch Officer- E . L. Deacon, B.Sq. 
Principal Research Officer-F. A. Berson, Ph.D. 
Senior Research Officer- R. J. Taylor, B.Sc. 
Research Officer- I. 0 . Droy, U.So. 
Research Officer-E. K. Webb, B.A.1 B.Sc. 
Research Officer-F. R;. Ball, B.Sc. 
Research Officer-0. F. Barrett, M.Sc. 
Research Officer-W. W. Moriarty, M.Sc. 
Technical Officer-D. E. Angus, B.Sc. 
Technical Officer- A. J. Troup, B.Sc. 
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22. DIVISION OF METROLOGY. 

(Head-quarte1·s ; National .Standards Laboratory at 
University of Sydney.) 

Ohief-N. A. Esserman, B.Sc. 
Technical Secretary-N. H. Winters, B.E. 
Principal Research Officer-0. A. Gladman, 

B.Sc.(Eng.), A.O.G.I. 
Principal Research Officer-G. A. Bell, B.Sc. 
Principal Research Officer-0. F. Bruce, M.Sc. 
Senior Research Officer-H. J. Ritter, Dr.rer.nat.-

math. 
Senior Research Ofilccr-H. A. Ross, A.S.T.C. 
Senior Research Officer-J. A. Macinante, B.E., 

A.S.T.O. 
Senior Research Officer- 1vL J. Puttock, B.Sc.(Eng.). 
Research Officer-Miss M. G. I. Pearce, M.Sc. 
Research Officer-W. A. F. Cuninghame, B.E. 
Research Officer- Miss M. C. Dive, B.Sc. 
Research Officer-Miss P. M. Yelland. 
Research Officer-Miss M. M. Douglas, B.Sc. 
Researeh Officer-N. J. C. P eres, M.Sc. 
Research Officer-J. W aldersee, B.Sc. 
Research Officer-B. .S. Thornton, M.Sc. 
Research Officer-I. F. Mayer, B.Sc., B.E. 
Principal Technical Officer-R. H. Furniss, A.S.T.C. 
Senior Technical Officer-R. Springer. 
Senior Technical Officer-R. J. Ellis, B.E. 
Technical Offi.cer-D. H. Fox. 
Technical Officer-G. W. Gore, A.S.T.C. 
Technical Officer-E. Grunwald. 
Technical Officer-J. C. Kelly, B.Sc. 
Technical Officer-E. J. Thwaite, B.Sc. 
Technical Officer-S. A. Dunk, B.E., A.S.T.C. 
Technical Qfficer-P. Albrecht, Dipl.Ing. 

23. MINERAGRAPJIIC INVESTIGATIONS. 

(Head-quarters: University of Melbourne.) 
Senior Principal Research Officer- A. B. Edwards, 

D.Sc., Ph.D., D.I.C. 
Senior Research Officer-G. Baker, M.Sc. 
Research Officer-J. McAndrew, B.Sc., Ph.D. 

24. NATIONAL STANDARDS LAUORATORY. 

(The services shown hereunder are common to the 
Divisions of ~fotrology, Elcctrotechnology, and 
Physics, housed in the Laboratory.) 

Cle1·ical-
Chief Clerk-W. J. Gillespie, F.A.S.A., A.C.I.S., J.P. 
Accountant-F. J. Whitty. 

Libra1·y-
Senior Librarian-Miss M. McKechnie, B.A. 
Librarian-Miss J. M. Cook, B.A. 
Librarian-Miss 0 . Gough. 
Librarian-Mrs. M. P. Fowler. 

W orlcshops
Engineer-in-charge-J. Hanna. 

Drawing Office-
Chief Draughtsman-B. H. P. Cresswell, Dip.Mech. 

Eng. 
Sectional Draughtsman, Grade II.-J. Coles. 
Draughtsman, Grade II.- R. Riches. 
Draughtsman, Grade II.-R. Partridge. 
Draughtsman, Grade II.-J. Weir. 

25. 0 ENOLOGICAL RESJ<:AllCH. 

(Head-quarters: Waite Agricultural Research 
Institute, Adelaide.) 

Principal Research Officer-J. C. 1\I. 'Fornachon, 
1vLS'c., B.Ag.Sc. 

Research Officer-B. C. Rmikine, M.Sc. 

26. On.E-DnESSINo INvES'rIGATIONS. 
(Head-quarters ; University of Melbourne.) 

Officer-in-charge-Associate Professor H. H. Dunkin, 
B.Met.E . 

Prinripal Research Oflicer-K. S. Blaskett, B.E. 
Research 0:fficer-S. B. Hudson, M.Sc. 
Research Officer-J. T. Woodcock, B.Met.K, M.Eng. 

Sc. 
Senior Technical Officer-F. D. Drews. 

n . PnYSJOAL METALr,URGY SEc'fJOl\' . 

(Head-quarters : University of Melbourne.) 
Officer-in-charge (Honorary)- Professor J . Neill 

Greenwood, D.Sc., M.Met.E. 
Principal Research Officer-H. W. Worner, D.Sc., 

M.Sc. 
Senior R esearch Officer-R. C. Gifkins, B.Sc. 
Research Officer- A. E. Jenkins, Ph.D., M.Eng.Sc. 
Research 10fficer-J. W. Suiter, M.Sc. 
Technical Officer-J. A. Oorbett. 
Technical Officer-G. N. Boyd, A.M.T.C. 

28. DrvcsroN OF PHYSICS. 

(Head-quarters: National Standards Laboratory at 
University of Sydney.) 

.1 dmi11 islration-
·Cl,icf-G. H. Briggs, D.Sc., Ph.D. 
T(•clmicnl Secrctary-D. S'. Woodw-ard. 

Heal-
Principal Research Officcr-.1.. F. A.. H arper, M.Sc. 
SPnior Research Offieer-W. R. G. Kemp, B.Sc. 
S(•nior Research Officer-R. G. Wylie, M.Sc., Ph.D. 
S, -,1ior Research Officer-G. K. White, M.Sc., 

D.Phil. 
Senior Research Officer-P. G. Klemens, M.Sc., 

D.Phil. 
Research Officer-W. A. Caw, B.Sc. 
Research Officer-Miss R. Scott, B.Sc. ( on leave 

abroad). 
Research Officer-N. H. \Vest,,ood, B.Sc. 
Research Officer-J. Midcllehurst, B.Sc. 
Technical Officer-J. V. McAllan, B .Sc. 
Technical Officer-Miss I. M. Beavis, B.Sc., Dip.Ed. 
Technical Officer-J. K. Braithwaite, A.M. T.C. 

Light-
Principal Research Officer-R. G. Giovanelli, D.Sc. 
Senior Research Officer-W. H. Steel, B.A., B.Sc., 

Dr.esSc. 
Research Officer-K. A. Wright, B.Sc. 
Research Ofilcer- W. R. Eleven, M.Sc., Dip.Ed. 
Research Officer-L\ssociate Professor G. H. Godfrey, 

M.A., B.Sc. (part-time). 
Research Officer-0. E. Oottlman, B.Sc. 
Technical Officer-W. J. Brown, A.S.T.C. 

Solar Physics-
Research Officer-J. T. Jefferies, M.A., B.Sc. 
Research Officer-R. E. Loughhead, M.Sc. 
Technical Officer-V. R. Burgess, A.S.T.C. 

Electronics-
Research Officer-A. F. Young, M.Sc. 

29. PLANT FIBRE SECTION. 
(Head-quarters : Graham-road, Highett, Victoria.) 

Officer-in-charge-W. L. Greenhill, M.E. 
Senior Research Officer-Miss J. F. Couchnl'an, B.Sc. 
Senior Research Officer-G. W. Lanigan, M.Sc. 
Research Officor-W. Shepherd, B.Sc., B.Ag.Sc. 
Seniol' Technical Officer- J. de Freitas, F.M.T.0. 
Terhnical iOfficer-'C. J. Brady, B .Ag.Sc. 
Technical Officer- J. A. Milne, A.M.T.O. 
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30. DrVJSION 01' ruN'f INDUSTRY. 

(Head-quarters: Canberra, A.O.T.) 

.'ld1ninistration--
,ohief-O. H . F rankel, D.Sc., D.Agr., F.R.S. 
Technical Secretary- A. Shavitsky, B.Agr.Sc. 
Divisional Engineer-G. L. Brown, B.Sc. 
Librarian- Miss J . Humphreys, B.A., Dip.Ed. 

(half-time) . 
Chief Clerk-K. J. Prowse (half-time). 
Deputy Chief Clerk-D. Banyard (half-time) . 
Accom1t1mt-L. G. Peres, B.Ec. (l1111f-time). 

Group 1-Botany ancl Genelics-
Lcader-0. H . Frankel, D.Sc., D.Agr., F .R.S. 
Deputy Leadcr-0. Barnard, D.Sc. 

G'ene/:ics cind Cytology, Canberra-
Senior Research Fellow- M. J . D. White, D.Sc. 
P rincipal Research Officer-F. H . W. Morley, 

B.V.Sc., P h.D. 
Research Offieer-R. D. Brock, M.Agr.Sc. 
Research Officer-II. Daday, M.Sc. 
Research Officer-0. I. Davern, B.Agr.Sc. 
Technical Officer- Miss R. Stephens, B .Sc. 
Technical Officer-J. W. Peak. 

8i.1·nct11ral Bota?IIJJ, Cariberr~ 
P rincipal Research Officer-0. Barnard, D.Sc. 

Plant lnlrod11c/.ion, Canberra-
Principal Research Officer-W. Ra 1·tley, B . .A ., 

Dip.Ag. 
Research Officer- C. A. Neal-Smith, B.Agr.Sc. 

(.abroad). 
Research Officer-N. J. Ketellapper, Ph.D., B.Sc. 
Technical Officcr- R. J. Williams, B.Sc. 
Technical Officer-Miss D. E. Johns, B.Sc. 

H erbarimn, Canberra-
Senior Research Officer- Miss N . T . Burbidge, 

M.Sc. (,abroad) . 
Plant I ntroduction, Queensland-

.Principal Research Officer- J . F . Miles, B.Agr.Sc. 
Research Officer-E. H . K ipps, B.Sc. 

Plant I ntrocl1iction, Western A 1istralia. 
Senior Research Officer--E. T . Bailey, B.Sc. 
Technical Officer--N. B. Gayfer, D.D.A. 

1lficrobiology, Canberra-
Senior R esearch Fellow-K. O. Muller, D.Phil. 
Research Officer- J. H. E . Mackay, B.Sc.Agr. 
Resenrd1 Officer- Miss K. Helms, M.Sc. (abroad). 
Technical Officer-Miss J. Friend, B.Sc.Agr. 

Soil Nicrobiology, Ca,nbe1'1·a-
Scnior Research Fellow- P . S. Nutman, B.Sc., 

P h.D. 
Senior Research Officer-F. W. Hely, M.Sc.Agr., 

M.S. 
Research Officer-S. M. Bromfield, P h.D., 

M.Agr.Sc. 
Research Officer- F . J . Bergersen, M.Sc. 
Technical Officer-J. Brockwell, D.D.A. 

Disease Control, Canberra-
Principal Research Officer- H. R. Angell, O.B.E., 

P h.D., B.Sc.Agr ., M.S. 
Fruit I nvestigations, Hobart-

Principal Research Officer-D. Martin, M.Sc. 
Research Officer-T. L. Lewis, B.Sc. 
Technical Officer-J. Cerny, Ph.D. 

Friiil Invest-~gations, Q11eensland-
P riucipal Research Officer- L. A. Thomas, M.Sc. 

Tobacco Jnve.~l.igations, Canberra-
Principal Research Officer- A. V . Hill, M.Sc . .Agr. 
Research Officer-D. C. "Wark, M.Agr.Sc. 
Technical Officcr- M. Manclryk, B.Sc.Agr. 

Tobacco bwestiyalions, Ayr, Queensland
Research Officer-W. J . Lovett, B.Agr.Sc. 

Gro·up 2- Ghemislry and Physiology
General Chemistry, Canberra-

Senior Research Officer~C. H . Williams, ~I.Sc. 
Senior Research Officer- A. Stcinbergs, Nut. 

Chem.(Riga). 
Research Officer-D. J . David, M.Sc. 

Soil Chemistry, Melbourne-
Resea rch Officer- L. H . P . Jo11es, Ph.D., B.Sc.Agr. 

Plant Nutrition, Canberra--
Principal R esearch Officer-A . J. Anderson, 

B.Sc.Agr. 
Senior Research Officer- K . D. McLachlan, 

B .Sc.Agr., B.Com. 
Research Officer-D. Spencer, Ph.D., B.Sc. 
Research Officer-J. V . Possingham, B.Agr.Sc. 
Research . Officer-J. F. Loneragan, Ph.D., 

B.Agr.Sc. 
Plant Toxicology, Oanberra,-

P rincipal Re.search Officer-C. G. Greenham, 
M.Sc. 

Plant Biorhemistry, Canberra-
Research Officer- P . L. Golclacre, B.Sc., Ph.D. 

Plant B io,·hmnis/:ry, }lfelbou1·ne
Research Officer~O. A. AJJpleby, B.Sc. 

Tobacco Biochemi.s/?-y, Canberra~ 
Senior Research Officer-R. J chanson M.Sc. 
Tct hnical Office r-P. 'Macuicol, B.Sc. ' 

Organic Chemistry, Canberra-
Research 0 :fficer- W. Bottomley, B.Sc., rh.D. 
Technical Officcr-P. I . Mortimer, B .Sc. 

Plant Physiology, Ccmberra.-
Principal Research Officer-L. A. T. Ballard, 

Ph.D., M.A., M . .Ag.Sc. 
Research Officer-J . A. Zwar, M.Agr.Sc. 
Research Officer-A. H . 0. G. Rijven, Ph.D., B.Sc. 

Tobacco Physiology, Canbe1-ra-
R esearch Officer- J . Calvert, D.Sc. 

Crop Physiology, Canberra-
Principal Research Officer-R. F. Williams, -1:LSc. 

Group 3- Agrostotogy and Agronomy (Southern and 
Western A uslralia )-

Leader-R. M. Moore, M.Sc.Agr. 

At Canberra-
Agrostology and Agronomy-

-Senior Research Officer-W. D . .lndrew, M.Agr.Sc. 
Research Officer-W. M. Willoughby, B.Sc.Agr. 
Research Office1·-R. S. J . Lipsett, B . .Agr.Sc. 
Technical Officer-J. D. Williams, D.D.~\. 

Dickson E :t:pe-riment Station,--
Tecbnical Officer-R. J . H utchings, D.D.A. 

Ecology- · 
Senior P rincipal Research Officer-R. M. Moore, 

M.Sc.Agr. 
Research Officer-0. W. E. Moore, B.Agr.Sc. 
Research Officer- L. F. Myers, B.A.gr . .Sc. 

(abroad) . 
Research Officer-E. F. Biddiscombe, M.Agr.Sc. 
Technical Officer-J. A. Robertson, Q.D.D.hl. 

Al Regional Pastoral I,aborntory, A1·1ni,rlale, New South 
Wales-

Natii,e Posfores-
P rincipnl Resrarcb Officer-R. Roe, B.Sc.Agr. 

(abroad). 
Research Officer-J. E . Begg, D.Sc.Agr. 
Tccbuical Officer- B. E. Mottershead, B.Sc:. 
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801u1• Fast·nres-
Rcs~ar(l4 Officl:lr--K J. Hilder, B .Agd:iu. 
Technical Officer- J. A. Thompson, B.Sc.(For.) . 

Plant Nntritiorr-
Research Officer-K. Spencer, B.Sc.Agr. 
Te9).in1pf1l Offir,er-,-,-N. l . Barrow, B.Sc.Agr. 

llcology-
Senior Research Officer-R. W. J essup, M.Sc. 
Technicnl Officer-F. R. Gnauck, B.Sc. 

Ohcmist?-y-
'l'cchnical Officcr- J. R. F renoy, B.Sc. 

. Lt Rcgionot Pas/:01·nl I,r1bnratory, Dcniliqm·11-. N e11· 
8011th Wales- · · 

Officer-in-charge-R. W, Prnnster, B.Sc. (Agric. ). 
dg1·onomy-

Rg~earch Qfflcer-Is;, P . Bi1rley, :M:,Agr.Sc. 
Ecplogy-=-

Research Officer- 0. B. Williams, :M:.Agr.Sc. 
T[ ydro lo g1;-

Resea r~h Officer-J. R. Philip, B.<;.E. 
J?1=od11cfio1~ Mid Utili;mtio11,--

R.esearch Officer-R. N. J . Bickerd ike, B.J\. 

At JIJ, ilchcll L£iborcdo·1•y, 'l'rangie, New So11 f h Wales--
l?cology-

Research Officer-A. A. Holland, M.Se.Agr. 

Al I rrigafion Resea.rch Stntion, Griffeth, New S01tfl1 

Wales-
Ecology-

Resenrcb Offirer-E. Levi, M.Sc. 

A f. W nite Instifott , Aifolaiclr,, Sonth II ml.r(l-li(l
o~:z Crop I nvestig~dions-

Rcnior Research Offic~r-B. Horowitz, D.1\ ~1·.R,;. 

, 11 Insf.itnte of Agi·ic-ultm·e, P ei,/h, W eslern A 11.~lrolia
Plant Nutritiq11r-

Principal Rpsearph Officer-E- 0. Rossitrr. 
D.Sc.Agr. 

Research Officer-P. G. Ozanne, B.Agr.Sc. 
Teclmical Officel'-R. .T. Pack, Q.D.A. 

;l_gronomy-
Research Officer- A. W. Humphries. B.Sc.(Agr.) . 
Technical Officer-D. J . Kirton, B .Sc.(Agr.). 

Ohemistry-
Tcchnical Officer- T. Shaw, B.Sc. 

At Glen l,os-<i.e Fielrl Station, Kojon11,p, W este1"n Aus
tralia-

Research Officer-E. :a. WatsqJ.!, B.f,c.(.A.gric.) , 
N:.Sc. 

Technical Qffieer=-J. Be1:esford1 D.D.4. 
1'echnical Offfoer- P . Lapins, M.Agr.Sc. 

rl f. University of Q11eensla,nd, Brisbane
Ecology-

Senior Resoarch Offi(ler-L. J. Webb, J\~.Sc. 

0r()tf p 4:-,-Agro~tolqgy {tml Agrorw m'!j ( Qu~e'f!$kind)
Leader-J. Griffiths Davies, B.Sc.

1 
Ph.D. 

,'Lt Plant and Soils La.boratory, Brisbane-
Associate Ohief-J. Griffiths Davies, B.So., Ph.D. 

Agrostology-
1?,rincirnl Research Officer-T. B. P.altridge, B.S,,. 

11,gronorny-
Princi pal Research Officer-W. W. Brya11. 

M.Sc.Agr. 
Research Officer- S. G. Gray, B.S.c.Agr. 
Te()lmi()al Officer,-J3. B . Brett, B.Agr.Sc., Q.D.A. 

Crittle P astures-
Senior Research Officer,,-N. H. Shaw, B.Sc.Agr. 
Technical Officer-T. W. E lich, Dip.Ool.Agr. 

flla.nt Nntritiorr-
Sm1ior Research QJ-liccr-0. S. Andrew, B.Agr.Sc. 
Research Q,fficer-R. G. Coleman, Ph.D., B.Sc.Agr., 

D.I:O. 
Technical Officer-,-W. R. J. PiEtters, Dip.Ool.Agr. 

Plant Ohemistry-
Research Officer-M. P. H egarty, Ph.D., M.Sc. 
Technical Officer-Miss P. M . Thorne, B.Sc. 

JiJcology-
Senior Research Officer-D. E. Ooaldrake, M.Sc-. 
Teclmical Officcr--W. F . Ridley, B.Sc. 

Oenelics-
Priucipal Research Officer-R. M:. Hu tton, D.S,• .. 

B.Agr.Sc. 
Legwme Bacteriology-

Principal Resea rc;b Officer,......D. 0. Nor,ris1 D.Sc. 
(Agric.) . 

Jlt Coopei· L aborotory, Lawes, Q11,ee11sland
Research Officer-W. J. Bisset, B.Agr.Sc. 
Technical Offi9er-R. Milford, B.Sc., Q.D.A. 
Technical Officer- G. A. Taylor, Q.D.A. 
Technical Officer-H. Kiers, Dip.Qol.Agric. 

31. D1v1s10N OF RaDIOPJH'SICS. 

(H ead-quarters : University of Sydney.) 

Ohief- E . G. Bo\\'en, O.B.E., M.Sc., Ph.D. 
.-\ ssistant Chief-J. L. P awsey, F .R.S., M.Sc.1 Ph.D. 
'1'echnie11l Secretary-A. J. Higgi,

1 
B .Sc. 

,\ ssistant Technical Secretary- L. L. J\foCready, B.Sc .. 
B.E. 

C'loud and R<iin Physics-
Principal Research Officer-J . Warner, B.Sc., 

B.E. 
Principal Resenl'ch Officer- J. G. Bolton, B.A. 
Principal Research Officer-,-P. Sqi1ires1 M.A. 
Principal ResenrC'h Qfficer-E. J. S1T1ith, M.B.E .. 

13.Sc.(Eng.). 
Research Officer~N. R. Labrum, B.Sc. 
Research Officer-E. E. Adderley, B.Sc. 
Research Officer-E. K . Bigg, M.Sc.1 P h.D. 
Research Officer-S. Twome,y, M.Sc. 
Resea rch Officer-,T. l\L Telford, B.Sc. 
Rese:-u ch Officer-.J. S. Turner, J\f.So. 

lla(l,io fl stronomy-
Principal Research Officer-J. H. Pid~ington, 

M.Sc., B.E., P h.D. 
Princip11] Rc.~earcl1 Officer-B. Y. Mills, B.Sc., 

J\LE. 
Senior R0se11rch Officer- F. J. Kei•r, M.Sc., :M.A. 
Senio1· Researcli Officei·- R. N. Bracewell, B.Sc .. 

B.E., Ph.D. 
Senior Research Office1·-- J. P . Wild, M.A. 
Research Officer-S'. F. Smerd, B.Sc. 
Research Officer---'C. A . Shain, B.Sc. 
Research Officer- J . A. Roberts, M.Sc., Ph.D. 
Research Offlcer-R X . McGee, B.Sc. 
Research ,Officer-B. R. R,obinsqn, M.Sc. 
Researnh Officer-;r. A.. Warburton, B.Sc. 
Research Officer- R. F. :fyiullaly, M.Sc. 
Resea rch Officer-A. W. L. Carter, B.Sc. 
Senior Tccqnical Officer- K . V . Sheridau

1 
B.S~. 

Senior Technical Officer-J . V, Hindman, 
Senior Technical Officer-K. R. McAlister, 

A.S.T.,(J. . 
Senior Tech11ical Officer-G. J . Stanley, A.S.T.C. 
Technical Officer- J. D. Murray, B.Sc.(Eng.) . 
Technical Officer-.-A. G. Littlo, A.S.T.C. 
Technical Officer- 0 . B. Slee, A.S. T.0 . 
Terhnioal Offioor-H. R, H arant, A.S.T.O. 
Trclinical Offieer- 1if. ir. K omcsaroif, R.$c. 
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lfod·io N auigauon-
Senio1· Ilosoarch Oflice1·- H. 0 . Mi1rnett1 H.:::ic., 

B.E. 
Research Officer- G. 1\, Day. 
Research Oflicer-D. E. Yabs1ey, 13.Sc., 13.lt. 
Research Officer-F. F . Gardner, B .Sc., 13.E. 
Senior Technical Oflicer-P. T. Hedges, A.S.T.d. 
'I:ecbnionl Oflicer~R. S. Joseph, A..S.T.0. 
Technical Officer-I. K. Harvey, A..S.T.C. 

/Jliysic:; of Sem1:-coridi1clors-
Senior Research Ofhcer- B. F. C. Cooper, :13.Sc., 

B.E. 
Research Officer-L. W. Davies, B.Sc., D.Phil. 
RMearch Oflice1·-D. 1Inneman, M.Sc. 
Senior Techttical Ofticer~F. O. Tonking, A,S.T.O. 

,llathe11uilical Oonizmtcition,- .. 
Priuci1Jal Research Officer~T, Pearcey, B.Sc. 
Principal Research Officor-M. Beard, B.Sc.; B.E. 
Research Oflicer-G. W. Hill, B.Sc. 
Research Officer-B. J . J. McHugh, B.Sc. 
Technical Office1·-R. T . FI. Bowles, A.M.T .O. 

'l'est Boom-
Senior Technical Ofucer-G. A. Wells, A.S.T.O. 
'J:echrtical Officcr- T. E. Cousins, A.S.T.0. 

J!}n_ginee1·i11y Se1•vice/J-
Chicf Draughtsman-F. :M. Car ter. 
Dr-aughtsman, Grade 2-H. F. P eddie, A.S.T.O. 
Draughtsman, -Grade 2-J. R. Morris. 

O.ff{cers Ahroad---
Principal Research Officer- W. N. Ohristiausen, 

D.Sc. 
Research Officer-.E. R Hill, M.Sc. 
Research Officor-N. H . F letcher, B.Sc., M.A. 

32. Ramo RESJ,;AHC.Fr BoAHD. 

lilead-quarters : University of Sydney.) 
Chief Sciouti:fic Offico1·-D. F. :Martyn, D.Sc., Ph.D., 

A.R.C.S., F.R.S. 
Principal Research Ofncer~G, H. :Munro, D.S'c. 
Se11ior Research Officer-W. L. P rice, B.So. ( part-

time) . 
Research Ofricer- J. tl, Harvey, B.Sc. 
Research O·fEcer•-R. A. Duncan, B.Sc. 
Teclmical •Offioer-L. H. Heisler, B.Sc. 
TeclmicaJ Officc r- H. P . Hirschl, .A..S.'l'.C'. 
Techniclll Oflicer-'-R. B . Wl1ite, B.E. 

33. Dtv1sroN oi•' So1Ls. 

(H ead-quu1'ters : W11ite Agd!lultural Hescarch 
Institute, Adelaide.) 

,-.Lt Adelaide-
.cl d1ii·inil!trntion-

Chicf-J. K. Taylor, B.A., M.Sc., B.Se.Agr. 
Seuior Olerical Officer-F. ,Y. Blanksby. 

So·il Survey wncl Pedology Section-
Senior Principal R esearch Oificer- 0 . G. Stephens, 

D .Sc. 
Senior Heseal'ch Office1·-K. IT. Nortlicote. 

B.Ag·.Sc. 
Scniol' Hcsea rclt Ofticel'-G. Blackburn, .B.1\g.Sc. 
Research OfEce 1·-E. A . Jackson, E .Ag.Sr. 
Research O.fficer-0 . B, Wells, B.A.g-.Sc. 
l{esearch Offi<-er- Cl F. U. Raker1 B.Sc. 
Research Officer-Ir. C. J. de Mooy. 
Sectional Dra.ughtsman- P . D. Hoope1·. 

ooil Ghe1nisl1·y Section-
P rincipal Chemist-0. S. Piper, D .Sc. 
Principal Research Officei•-A. 0 . Oertel, M.Sc. 
Senior Research Oflfoar~R. E . Shapter, A..A..0.1. 
SPnior Ilesean;h Office1·-.J. 'l'. Hut.ton, 'R.Sc., 

A.S.A.S.M. 

Research Officer-H. 0 . T . Stace, B.Sc. 
Research Oflicer-B. M. Tucker, B.Sc. 
Research Officcr-R. S. :13eckwith, B.Sc. 
Research Officer-'.M. Raupach, M.Sc. 
Tecl111ical Officer~A. R. P. Clarke, A.S.A..S.'.M. 
Technical Officer- R :nit. McKenzie, A.S.A,S.M. 
Technical Of£cer- R. D. Bond, A.S.A.S.M. 

Soil Physic:s and Mechanics Seclion,--
Senior Principal Hesearch Officer~T. J. Marshall 

M.Jig.Sc., Ph.D. ' 
Senior Research Officer- G. D. Aitchison, M.E. 

(at University of Melbourne) . 
Research Officer- K. N orrish, M.Sc., Ph.D. 
Research Officer- J . P . Quirk, B.Sc.A.gr., Ph.D. 
Ilesearch Officer- 0. G. Gurr, B.Sc. 
Research Officet·~ J . W. Holmes, B.S<l. 
Research Officer- E . W. Radoslovich, M.Sc. 

(alm:Httl). 
~~esea1:ch Officer-D. S. Mciutyre1 M.S<l. 
lcchrncal Officer (teinporat·y)-Mi•s. L. t. R. 

Rogers, M.Sc. 
, 'oil Microbiology Secti011r-

Principal Research Officer- 1:i. J. Swaby, M.Sc,, 
M.ag.Sc., Ph.D. 

.Resea1·ch Oflicer-J. R. Harris, M.Sc. 
Research O:ffi.cer-J. N. Ladd, 13.Sc. 
Technical Officer-D. Bockman, B.So.Agr. 

,1 t .Erisbane-
Soil Survey and P edology Section,-

Priucipal Research Officer-G. D. Hubble1 
B.A.g.S-c. 

Research Offi.cer~G. G. Beckmann, B.Sc. 
Ilcsea rch Officer-W. H. Litchfield, B.Sc.~\ gr. 
Toc:hnical Officer-a . H. Thompsonl Q.D . .A . 

.'loii Ph'!)~tli-
Hcscarch Officer~G. J3. Stirk, B.Sc, 
Technical Officer-R. E. Prebble, B.Sc. 

, 'oil Ghem,i~try-
Senior l{esearch Oificer-,.\ . E . Martin, .B.Sc., 

F .R.1.0 . 
l{esearch Officer-J. E. Cox B.Sc. 
Teclrnical Officer- R Ree;e, Dip.lilcl.Chern. 
Technical Of6cor-H. J. E eatty, Dip.Ind.Chem. 

."Lt Uanberr~ 
Soil Survey a.nd Pedology Sectio~ 

P1·i11cipttl R esearch Officer-B. Jt Butler, 
B.Sc . .Agr. 

Senior Research Officer- R. Br<Jwer, B.Sc. 
Research Offictor-D. 0 . van Dijk, Ing-. .Agr., D.Sc. 
Resear ch Officcr~J. R. Sleemau, B.Ag.So. 

(seconded to Land Research and l~eo-ional 
Survey Section) . 

0 

Hescarch Ofl:ieor-Ir. T. Talsma. 
Soil Ohemistry-

Sonior Tccbuical Officur-A. D. Haldane, B.Sc. 
::ioil Physics-

Technical OfficeJ·-J\. V. Blackrnol'o, n.l::lc. 

:It Ueniliq-ui,i,-
Soil 8u1'vey an~l Pedology Sectio11r--

H.Psearcli Officcr- H. J\rf. Churohward, 13.Sc .. \ gr. 
Rt>.,carcli Officer- T. Puutsma, B.Scd\gr. -

A I H oba'rl-
, 'o·il 8ttn-ey und Pedology Stctio11,-

S011ior Research Officer-K. D. N icholls, B .Ag.Sc., 
B.Sc. (abroad). 

Researcl1 01:licer-G. M. Dinnuock, B.Sc. 
Research Officcr- J. Loveday, B .Ag.Sc. 

,';oil C!tem,i$/,ry-
'l\ •c:l111ic111 Offa-er- A. 1\.L Graluy, B,8c. 
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At Perth-
8oil Survey anll Pedology Seclion-

Research Officer-M. J . Mulcahy, B.Sc. 
Research Officer-I.. W. Pym, B.Sc.Agr. 
Research O:fficer-W. M. McArthur, B.Sc. 
Technical Officer-E. Bettenay, B.Sc . .Agr. 

Soil Chemistry-
Research Officer-A. G. Turton, B.Sc. 
Technical Officer-F. J. Hingston, B.Sc. 

34. D1vISION vi,· TrunoPHYSlCS. 
(Head-quarters : University of Melboume.) 

Ohief-W. Boas, D.I11g., M.Sc. 
Principal Research Oflicer-M. F . R. Mulcahy, D.Phil., 

M.Sc., A.G.Inst.Tech. 
Senior Research Officer-L. M. Clarebrough, B.Met.E., 

:M.Eng.Sc. 
Senior Research Oflicer-:M. E. Hargreaves, Ph.D.; 

B.Met.E. 
Senior Research OJiicer-J. K. Mackenzie, Ph.D., 

B.A.(Hons.), B.Sc. 
Senior Research Officer- ·'. J W ·•,ro e 1:>h D .il • • .ll'.1. 01' ' J; • . , 

B.Sc. 
Research OfHcer-B. D. Cuming, M.Sc. (abroad). 
Research Officer-A. J. Davis, B.Eng. 
Research Officer- D. Mitchell, B.E.E. 
Research Officer- J. F. Nicholas, B.A.. (Rous.), B.Sc. 
Research Oflicer-G. J. Ogilvie, Ph.D., B.Met.E., 

M.Eng.Sc. 
Re.5ear ch Officer-M. J. Ilid,ge, M.Sc. 
Research Officer-J. V. Sanders, Ph.D., B.Sc. (Hons.) . 
Research Officer-Mrs. II. M. C. Sosnowsky, Ph.D. 
Research Officer-J . .A. Spink, B.Sc. 
Re,;earch Officer- R. G. Vines, 111.Sc. (abroad) . 
Research Officer-G. W. West, B.E.E., B.Sc. 
11.esearch Officer- J. E. Young, Ph.D., B .Sc. 
Technical Officer- J. J . Batten, B.Sc. 
Technical Officer-L. A. Bennett, B.Sc. 
Technical Officer-G. Brinson B.Sc. 
Technical Officer-R. W. Co~entl'y, B.Sc. 
Technical Officer-G. R. Pe1·gcr, F .:M:.T.C. 
Technic11l Officer-R. G. Shel'wood, A.M .T.C. 
Technical Officel'-W. J. hlcG. Tegart, B.Sc., A.:M.T.C. 

35. Tll,ACElt Eu:~mNTs INvi::sTlGA TIONs. 

(Head-quarters : Chemistry School, University of 
Melbourne.) 

P rincipal Research Officer-T. H . Oddie, D.Sc. 
Research Officer-A. M. Downes, M .Sc. 
Research Officer- K. R. Lynn, B.Sc. 

36. VVILDLIFE SunvEY SEcTION. 

(Reau-quarters: Canberra, Australian Capital 
Territory.) 

O~ce1:-in-charge-F. N . Ratcliffe, B.A. 
Prn~c1pal Research Officer-R. Carrick, B.Sc., Ph.D. 
Sectional Secretary-F. N. Robiuson, B.A. 
Research Officer-A. L. Dyce, B.Sc.Agr. 
Research Officer-G. M. Dunnet, B.Sc., Ph.D. 
Research Officer- B. J. G. Marlow, B,Sc. 
Technical Officer-R. Mykytowycz, D .V .J\l. 

,lt Perth-
Senior Research Officer-D. L. Ser veuty, B.Sc., 

Ph.D. 
Research Officer-J. H. Calaby. 
Research Officer- E . II. M. Ealey, M.Sc. 

1.1.t Albury, New South Wales-
R esearch Officer-K. Myers, B.Sc. 
"Research OfficeJ"-W. E. Poole, B.Sc. 

At Griffith, New South Wales-
.Senior Research Officer-H. J. JTrith, B.Sc.Agr. 

At Armidale, New S01tth Wales-
Research Officer-B. V . Fennessy, B.Agr.Sr. 
Technical Officer- E. J. Waterhouse, B.Sc.Agr. 

Ll.t Hobart-
Technical Officer-I. 0. R. Rowley, B.Sc.Agr. 

37. WOOL TEX'l'll.E RESEARCH LABORATORIES. 

Senior Officer-iu-charge--F. G. Lennox, D.Sc. 

At Wool Text·ile Research Laboratory, M elboume
Biochemistry Unit, 343 Royal-parade Parl~ville 

Victoria- ' ' 
Officer-in-charge--F. G. Lennox, D.Sc. 
Laboratory Secretary-C. Ganow, B.Com., D.P.A., 

A.A.S.A. 
Principal Research Officer-II. Lindley, 13.A., 

Ph.D. (abroad) . 
Principal Research Officer-W. G. Crcwther, 

:!YI.Sc. 
Senior Research Officer-T. A. Pressley, B.Sc. 
Senior Research Officer-J. M. Gillespie, M.Sc. 
Senior Research Oflicer- 1\L .A. Jermyn, M.Sc., 

Ph.D. 
Senior Research Officer- S. J . Leach B.Sc.Tech. 

Ph.D. ' ' 
-Senior Research Officer-E. F . Woo<ls, M.Sc., 

A.M.T.C. 
Senior Research Ofli-cer-J. M. Swan, B.Sc., 

Ph.D. 
Senior Research Officer-R. D. B. Fraser, Ph.D. 
Research Officer-W. E. Savige, Ph.D. 
Rese_arch Officer-E. 0. P . Thompson, M.Sc., 

Dip.Ed., Ph.D. 
Research Officer- J . P . E. Human, Ph.D. 
Research Officer-D. H . Simmonds, 1vLSc., Ph.D. 
Research Officer-I. J . O'Donnell, M.Sc. 
Research Officer-B. S. Ilarrap, Ph.D. 
Research Officer-G. E. Rogers, M.Sc. 
Research Officer-R. Thomas, B.Sc., Ph.D. 
Research Officer-P. H. Springell, M.A., Ph.D. 
Research Officer-J. A. McLaren, Ph .D. 
Research Officer-Mrs. A. R. Thompson, 111:.Sc. 
Technical Officer-B. McQuade, B.Sc. 
Technical Officer-I. G. Stell, Dip.Sw.T.C. 
Technical Officer-K. I . Wood, A.M.T.C. 

At Wool Texlile Research Laboratory, Sydney
Physics and Engineering Unit, The Hermitage, 33S 

Blaxland-road, Ryde, New South Wales
Officer-in-charge-V. D. Burgrnaun, B.Sc., B.E. 
Technical Secretary-I. J . W. Bissett, M.Sc. 
Pri1!-cipal Research Officer-N. F. Roberts, M.Sc. 
Sen:or Research Officer-J. G. Downes, B.S<:. 
Semor Research Officer-Mrs. K . R. Makinson, 

B.A.(Hons.), F.Inst.P. 
Senior Research Oflicer- H . W. Holdaway n ,:,c B.E. ' .u ., 

Senior Research Officer- M. Feughelman B Sc 
A.S.T.C. ' . ., 

Research Officer-M. Chaikin, B Sc PhD 
Dip.Eng. . .. . ., 

Research Officer- I. M. Stuart, M.Sc. 
Research Officer-Miss V . Laws, M.Sc. 
Research Officer-K. Baird, B.Sc. 
Reseai:ch Officer-J. F. P. James, :tvLSc. 
Technical Officer-Miss J. C. Griffiths B S 

A.S.T.O. ' . c., 
Technical Officer-B. J. Rigby, .A.S.T.C. 
Techmcal Officer- A. R. Haly, B.Sc. 
Technical Officer-A. G. Stutter, B.Sc. 
Technical Officer-P. Nordon, B.Sc., A.S.T.C. 
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At Wool Textile Research Labomtory, 1Jel1nont, 
Geelong, Victo1'ia-

Officer-in-charge-M. Lipson, B.Sc., P h.D. 
Technical Secretary- '1'. Topham, A..1'LI.I.A., 

A.T.I. 
Senior Research Officer-D. L. C. Jackson, B.SC'. 
Senior Research Officcr-G. W. Walls, B.Sc. 
Research Officer-O. A. Anderson, B.Sc. 
Research Officer-J. H. Bradbury, M.Sc., Ph.D. 

(abroad) . 
Research Officer-J. Delmeuico, B.Sc. 
Research Officer- A. Gray, 1Y1.Sc. 
Research Officer-D. R. Miller, .n:LSc. 
RQsearch Officer-J. R. McPhec, B.Sc. (abroad). 
Research Officer- O. H. Nicholls, B .Sc., Ph.D. 
Research Officer-D. S. Taylor, B..A., B.Sc. 

(abroad) . 
Technical Officer- Miss R. J . Hope, .A.G.Inst:.Ted1. 
Technical Officer-P. R. Strutt, B.Sc. 
Technical Ofilcer-G. 0 . West, .A.G.Iust. Tech. 

XXXIV. PUBLISHED PAPERS. 

The following papers have been published during 
the year:-

1 . .ANIMAJ, GENETICS SECTION. 

Fraser, A. S., ancl May, T. (1953) .-Growth of the 
mouse coat. II. Effect of sex and pregnancy. 
A1tst. J . Biol. Sci. 6 : 645-56. 

Rendel, J . :iv!. (1953) .-Heterosis. A-mer. Nal. 
88: 129-38. 

Rendel, J . M. (1954).- Inheritance of birthcoat in a 
flock of improved Welsh :Mountain sheep. Aust. 
J. A,g1·ic. Res. 5 : 297-304. 

Sobey, W. R. (1054).- The inheritance of antibody 
response to tobacco mosaic virus in r abbits. Aust. 
J. Biol. Sci. 7 : 111-17. 

2. D1vrs10N oP ANIMAL lIEALT1-1 AND PnooucTioN . 

Ans tin, 0 . R. (1053) .-The growth of knowledo-e of 
mammalian fertilization. ibtst. Vet. J . 29 : 191-8. 

Austin, 0 . R., and Braden, A. W. lI. (1953) .-An 
investigation of po1yspermy in the rat and rabbit. 
Aust. J. Biol. Sci. 6:674-92. 

Austin, 0. R., a.ncl Braden, A. W. H . ( 1953).-Poly
spermy in mnlllJlllals. Nal·ure. 172 : 82. 

Austin, 0 . R., and Braden, A. W. H. (1954) .-Iuduc
tiou ar,d inhibition of the second polar division in 
the rat egg and snbsequent fertilization. A11st. J. 
Biol. Sc·i. 7: 195-210. 

Austin, 0 . R., and Braden, A. W. H. (1954) .-Nucleus 
formation and cleavage induced in unfertilized rat 
eggs. 1\TalHre. 173: 999-1000. 

Austin, C. R., and Braden, A. W. H . (1954) .-Time 
relations .<1.nd their sig11ifieance in the on1l.ation 
and penetration of eggs in rats and rabbits. Aust. 
J . l.fiol. Sci. 7: 179-95. 

Beveridge, W. I./ and Johnstone, I. L. (1953) .-I. 
Sheath-rot, non-contagious posthitis or chronic 
ulceration of the prepuce of sheep. A 11st. Vet. J. 
2P: 269-74. 

Beveridge, W I., and Jolrnstoue, I. L. (1053).-II. 
Experiments on the reproduction of the disease. 
A11,st. Vet. J . 29 : 329-36. 

Beveridge, W. I ., and Johnstone, I. L. (1954) .-IIl. 
,Ourative effect of reduced food consumption or 
surgical measures. Aust. Vet. J . 30 : 1-7. 

Braden, A. W. H. (1953) .- Distribution of sperms in 
the genital tract of the female rabbit after coitus. 
A 11st. J . Biol. Sci. 6 : 693-705. 

• I nstitute of .Anhnal Pathology, Unlvoralty of Cambrldgo. 

Braden, A. W. H ., and Austin, 0 . R. (1953).-The 
di5tribution of nucleic acids in rat eggs in fertiliza
tion and early segmentation. 2. Histochemical 
studies. Aust. J. Biol. Sci. 6: 665-73. 

Braden, A. W. H ., and Peterson, J . E.* (1953).-The 
persistence of endometrial cysts induced by 
oestrogen in guinea pigs. Aust. J . Biol. Sci. 
6: 520-32. 

Bull, L. B., Ratcliffe, F . N ., and Edgar, G. (1953).
Myxomatosis : its use in the control of rabbit 
populn tions in .Australia. Proc. 15th Int. Vet. 
Oongr. 1: 396-9. 

Bush, I. E., ancl Ferguson, K. A. (1953).-The secre
tion of the adrenal rortex in the sheep. J . Endo
crin. 10 : 1. 

Daly, R. A., and Carter, H . B. (1954) .-A method 
of fractionating raw fleece samples and some errors 
encountered in its use in experimental studies of 
fleece gl'Owth. Aust. J . Agric. Res. 5 : 327-44. 

Dick, A. T. (1953) .-The control of copper storage in 
the liver of the sheep by inorganic sulphate and 
molybdenum. Aust_ Vet. J . 29 : 223-39. 

Di.ck, A. T . (1953).- The influence of inorganic sul
phate on the copper-molybdenum intel'l'elationship 
in sheep. Nature. 172 : 637-8. 

Dick, A. T., and Mules, M. W. (1954) .-Equipment 
for the clean collection of twenty-four-hour 
samples of Ul'ine and faeces from sheep. Au.st. J . 
t1gric. Res. 5 : 345-7. 

Durie, P . H. (l!l53) .-Tbe paramphistomes (Trema
toda) of Australian ruminants. II. The life his
tory of Oeylonocotyle streptocoeliu,m (Fischoeder) 
Nasmark, and of Paramphisto-m1im i chilcawai 
F1tJmi. Aust. J. Zool. 1 : 193-222. 

Ferguson, K. A ., a.ncl Boyden, S. V.t (1953) .-Sero
logical evide11te of the antigenicity of ox ,anterior 
pituitary growth hormone in sheep. J . Endocrin. 
9 : 261-6. 

Ferguson, K. A., ancl S'chinckel, P . G. (1953).-Skin 
transplantation in the foetal lamb. A 1.1,st. J. Biol. 
Sci. 6 : 533-46. 

Forsyth, B. A. (1953).-Epidemiology studies on hel
.1uinthosis of sheep in southern New South Wales. 
Aust. V et. J. 29: 349-56. 

Franklin, M. 0. (1953) .-Vitamin D requirements of 
sheep with special reference to Australian condi
t ions. Aitst. TT et. J. 29: 302-9. 

Gallagher, 0. H. (1954) .-Investigations of the etio
logy of infectious oph thalmia of cattle. Aust. Vet. 
J . 30: 61-8. 

Gordon, lI. McL. (1953) .-The epidemiology of hel
mi.nthosis in sheep in winter-rainfall reo-ions of 
.Australia. I . Preliminary observations."' Aust. 
Vet. J. 29: 337-48. 

Gordon, H . McL. (1953).-Studies on anthelmintics 
for sheep : chlorinated benzenes. A1tst. V et. J . 
29 : 164-7. 

Gordon, H . McL. (1954).-Tbe anthelmintic efficiency 
of phenothiazine against immature Trichostrongy
lus colitbrifonni.s. Aust. Vet. J . 30: 38-40. 

Gordon, H. McL., Forsyth, B. A., ancl Robinson, liL! 
(1954) .-Spargonosis in feral pigs in New South 
Wales. Aiist. Vet. J . 30: 135-8. 

Gray, D. F.,§ and Turner, A. W. (1954).-Viability 
and immunizing potency of freeze-dried bovine 
contagious pleuropneumonia culture-v11ccine. J. 
Oo1np. Path. 64: 116-26. 

Grego_ry, :r. S. (1953).-A stan~ar~ized r~pid agglu
trnat10n test for the quantitative estimation of 
Brucella antibody in milk. J . Comp. P ath. 63 : 
171-8. 

• Western Australian Department of Agriculture. 
t Past-Onr Instit11te, rnris. 
; Veterinary llesearch Stntlou, Glenflcld, New !louth Wale•. 
i Dopartu,eot of Bacteriology, University of Molbouroe. 
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Gregory, '.t. S. (19$3).'--'-Pi'oblems of infecltion and 
imblimitj' in bbvine brucellosis. P1·oc. 15th Int. 
Vet. G01tgr. 1 : 100-4. 

Hardy, Margaret H., Biggers, J. D./ and Clariugbold, 
P . J.* (1953).~Vaginal cornification of the 
mouse produced bs, Mst.rogcils in vitro. Nature. 
172 : 1196-7. . 

Hayman, R. H. (1953).-Studies in fleece-rot of sheep. 
. Aust. J. Ag1·ic. Res. 4 : 430-68. 

Heppel, L. A.,t Whitfield, P . R., and Markham, R.t 
(1954).-Exchange 1'eactions involving dinucleo
tides and cyclic mononucleotides. Bioch1nn. J. 
56: 1'11. 

Heppel, L. A., Whitfeld, P . R., and Ma11kham, R. 
(1954).-The degradation of some polynucleotides 
ai1d its i-elationship to nucleic acid structure. 
TM1ts. Faraday Soc. 50: 291. 

Joh:t1sto11e, I . L. (1954).-The blowfly problem. A-u.st. 
V ot. J, 30: 113-5. 

Johnstone, I. L ., and Southcott, W. H . (1954).-Di
butyl phthnlate used in a lamb-marking dressing. 
Aust. Vet. J . 80 : 139-41. 

Keith, R. K. (1953) .~ The differentiation of the infec
tive larvae of $0111.e coU1mon nemat.ode pa1•asites of 
cattle. Aust. J. Zool. 1: 223-35. 

Mw·nane, D. (1953) .-The toxicity of Atalaya hemi
_qla·llca (Whitewood) fo1· ho11ses. Aust. Vet. J. 29: 
188-90. 

Riches, J. H., and Watson, R. H . (1954).-The in
fluence of the i11troduction of rams on oestrus in 
Merino ewes. 1111st. J. Agric. Res. 5 : 141-7. 

Riek, R. F. (1953).-Studies ou allergic derm.atiti.:; 
(Queensland itch) of the horse. Description, dis
tribution, clinical $yl1lptoms and pathology of the 
disease. Aust. Vet. J . 29: 185. 

Riek, R F . (1953).-Studies on all ergic! dermatitis 
(Queensland i tch) of the horse. The aetiology of 
the disease. 11ust. J. Ag1·ic. Res. 5: 109-29. 

Riek, R, F . (1953).-Studies 011 allergic dermatitis 
(Queensland itch) of the horse. Treatment aml 
control. Aust. Vet. J. 29 : 196. 

Ri!!k, R. F. (1954).-,A. rtote on the occurrence of 
Onchocerca teticitlata (Diesing, 1841) in tho horse 
in Queensland. Aust. Vet. J . 30 : 178-81. 

ltiek, R. F . (1954).-.Allergic 1'eaction in the horse to 
infestation with larvae of Booph-ilus microplw; 
Canes. ( Ixodidea : .Acarina). A 11 st. Vet. ,T. 30 : 
142. 

Riek, R. :E'. (1954).-The influence of sodium salts on 
the closure of the oesophageal groove in calves. 
Aust. V et. J. 30: 29, 

Roberts, F . H, S. (1953).-Zygoribatitla. longi
porosa Hammer (Oribatai: Acarina), intermediate 
host of .Monieza benedeni (Moniex ·1879) (Ana
plocephalidae: Cesto<la) in Australia. A11st. J. 
Z ool. 1 : 239-40. 

Roberts, F . H. S. (1954) .-A note on the distribution 
of the paralysis tick, Ixodes holocycl-us Neumann, 
in Victoria. Aust. Vet. J. 30: 144. 

Roberts, N. F., and Haly, A. R. (1954).-Diffusion 
controlled sorption of water by wooi fibres. 'I'ext. 
Res. J. 211: 261-2. 

Rodwell, A. W., a11,cl Rodwell, E . S. (1953).- I'athwa_y 
for glucose oxidation iJi A ste1·ococcus 11iyeoicles. 
Nature . 172 : 245. 

Ro(hvllll, A. W., a1icl Rodw~ll, E. S. (1953) .-The his
tidine decarboxylase of ii species of Lact6b1icillits; 
apparent dispensability of pyridoxnl _phosphate as 
M-enzyme. J. Gen . .Microb·iol. 8 : 233-7. 

ltbdweil, A. W ., and Rodwell, E . .S. (1954) ......... The 
breakclo\vii of carb6hydrate b:y Asterococcus 
mycoides, the organism of bovine pleuropnewn.onia. 
Aiist. J . Biol. Sci. 7: 18-;.rn. 

+ • - - • -

• Depnrtment of Vet.erionry Phyfjology, Unlyctslty of Sydney. 
t Agrlcultutli11u,scatoli C~11MII. Plrtllt. Vlfmi Jt~ elu'Ch Unit, i\lt,\tctto institute, 
Cnmbrldge. 

Rodwell, .A. W., und Rodwell, E. S. (1954) .-=-The 
breakdown of pyruvate by Astei·dcoccus tnycoides, 
the 6rganism of bovine pleuropneumonia. 11ust. 
J . Biol. Sci. 7: 31-6. 

Rodwell, A. W., and Rodwell, E . S. (1954).- The path
way for gluc!ose oxidation by Asterococcus my
coides, the organism of bovine pleuropneumo_nia. 
Aust. J. Biol. Sci. 7: 37-46. 

Roulston, W. J., Hitchcock, L. F., Turner, A. W., and 
Campbell, A. D. (1953).- The effect on cattle of 
long-continued cutaneous applicatibns of DDT. 
Aust. J . Agric. Res. 4: 469-80. 

Skaller, F . (19 54) .-Studies on. the assessment of egg 
pl'Oduction in poultry breeding investigations. I. 
The optimal period for recording £.rst-year egg 
production. Poult. Sci. 33: 29•35. 

Sommerville, R. I. (1954) .-The histotropic phase of 
the nematode parasite Oste1•tagic1, circiimcinta.. 
Aust. J. Agric. Res. 5 : ·130-40. 

Stewart, D. F. (1953) .- Resistance to nematode infes
tation in sheep. Proc. 15th Int. Vet. Congr. 1: 
417-21. 

Stewart, D. JJ'. (1953) ,-The influence of dissolved tin 
on the growth of Oloslr£dium bolulinum in canned 
vegetables. Proc. 15th Int. Vet. Oongr. 1: 1190-2. 

Stewart, D. F ., and Gordon, H. McL. (1953) .-Studies 
on resistance of sheep to infestation "·ith H aemon
cli,us conlort,us and 1'richostrongylus spp. 6. In
fluence of age and nutrition on resistance to 
Trichost?-01ig'!}Z1ts col1ibriformis. Aust. J. Agric. 
Res. 4 : 340-8. 

Watson, R. II. (1953).-Studies on seasonal variation 
in the level of fer til ity in Merino ewes. l . Obser
vations on mating, pregnancy, and lambing at 
intervals of four months. Aust. J. A.gric. Res. 4 : 
349-59. 

Wl.iitfeld, P. R. (1953) .-'l'he uptake of radioactive 
phosphorus by erythrocyte stages of Plas1nodium 
berghei (Vincke and Lips.). Aust. J . Biol. Sci. 
4 : 591-6. 

Whitfeld, P. R., and Uarkham, R. (1953) .~Natural 
configuration of the purine nucleotides in ribo
nucleic acids. Chep1ical hydrolysis of the dinucleo
tide phosphates. N attire. 171 : 1151-2. 

Whitlock, H . V. (1954) .-Further observations on 
oesophageal tubes for drenching sheep. A11st. Vet. 
J . 30 : 100•4. 

Yeates, N . T. M. (1953).-The effect of rugh air tem
perature on reproductio11 iu the ewe. J . Agric. Sci. 
43 : 199-203. 

3. D1v1sro~ OF BrnonrnnsTRY AND GENERAL 

NUTRITION. 
Dawbarn, Mary C., 1md Hine, Denise 0. (1954).~The 

determination of vitamin Bl2-activity in the organs 
ai1d excreta of sheep. I . Microbiological assay 
method. 11ust. J. Exp. Biol. J.1fecl. Sci. 32: 1-22. 

Gray, F . V., Pilgrim, A. F., and Welle1', R. A. (1953) . 
-donvei·sion of plant nitrogen to mic1'obial nitro
geu in the rumen of the sheep. N a.t1tre. 172: 347. 

Gray, F. V., Pilgrin1, A. F ., a1td We11er, R. A. (1954). 
-Functions of the omasum in the stomach of the 
sheep. J. Exp. Biol. 31: 49. 

Jarrett, l G., and Potter, B. J . (1953).- Insulin toler
ance a11d hypoglycae10ic c!ohvulsious in sheep. 
1lust. J. Exp. Biol. ~Med. Sci. 31: 311-8. 

Jones, G. B. (1954) .-The polarogtapbic estimation 
of molybdenum in plant materials. A1ialyt. Chim. 
Acta. 10: 584. 

Jones, G. B., cincl Underdown, R. E . (1953).-!>eter
minations of nitrate i 11 plant materials. Analy!. 
Chern. 25 : 806-8. 
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Ludbrook, W. V ./ Brockwell, J.,t and Riceman, D. S. 
(1953) .- Bare-patch disease and associated prob
lems in subterranean clover pastures in South 
Australia. Aust. J. Agric. Res. 4 ; 403-14. 

Marston, H . R. (1954).-Wool growth. In "Recent 
Advances in th e Physiology of Farm Animals". 
pp. 105-9. (Butter worths : London.) 

Peirce, A. W. (1954) .-Carotene and vil:ami11 .\. iH 
human fat. Llust . J.lled. J. 1 : 589. 

R iceman, D. S. (1950).-Oopper, zinc, manganese and 
molybdenum deficiencies in Australia. Proc. Soil 
Sci. Soc. Fla. 10 : 203. 

Weller, R. A ., and Gray, F. V. (1954,).- The passage 
of starch through the stomach of the slierp. ./. 
Rxp. Biol. 31 : 40. 

4. DIVISION OF BUILDING RESEARC H. 

Bnllantyllc, E. Il. (1054) .-Rheological propel'tics oi 
certain joint-sealing compounds for concl'ctc ci.urnl 
linings. C.S.I.R.O. Div. Build. Res. Tech. Pap. 
No. 2. 

Blakey, F. A. (1953).-Tests ou prcstl'essed concrete 
beams (letter to the Editor). ('011slr. Rrr. 
26 (8): 17-9. 

B lnkey, F . A. (1953).-Some problems in flr•xurnl lc,-t
ing. Enginee1·. l !)6: 08-100. 

Blakey, F. A. (1953) .-Deflcction of 1·eiuiorced con
crete beams. Indian Conci·. J . 28 (1) : 32. 

Blakey, F. A. (1953).-Stress-strain curves for con
crete. Indian Goner. J. 28 (1) : 33-4!. 

Blakey, F. A . (1953).-Tensile behaYiour of concrete 
in reinforced concrete. J . Amer. Coner. Inst. 
25 : 96. 

Blakey, F. l:,.. (1953).-Discussion (Die pral<tischr 
.'\nwendung des 11-freien Traglast,·erfahrens zur 
Bcmcssung rechtcckiger Stahlbctouquer:=:chnitto bci 
rciner Beiguug) . Beton 11 . Siahlbelonb. 48 : 295. 
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XXXV.-FINANCE. 
1. EXPENDITURE. 

The statement of expenditure from 1st July, 1953, to 30th June, 1954, is as follows :
£ 

(al Salnrics and c011ting~nci<?s 
( b) Im·estigations-

( i) Animal Health and P'rucluction Problems 
Less contributions from

,vool Industrv Fund 
Wool Research Trust ACPOtint 
Commonwealt h Bank 
Austr1tlian Dairy Produce Boanl 
Australian Meat Board 
Australinn vVool Boan! (Balance of old ~r nnts) 
r n,n 1\Ici\fastC'r BequC'~t -
Alex. Fraser i\[cmorial Fund .. 
Wm. i\fcllrnth Fcllowsl1ip 
C. P. Fairbairn .. 
Estate of Captn,in fan Mc?,:lnster 
Burdckin Bequest (Drought feeding) 
Special Rc\'cnuc Funrls-

Burdek in Bequest .. 
Gilruth P la ins Field Station 

(ii) Biochemistry nnd General Kutrition J>roblcm~ 
l ,css contributions from-

Wool Research T rust Account 
Wool Industry F und . . 
Aust ralian " 'ool Boarcl (TinlanrC' of old :?rnnt s) 

(iii) P innt Problems-Division of P lant In<lnstry 
T,ess contributions from-

Wool Industry l?und .. 
,vool Re$cnrch 'l'rnst Acro11n t 

( iv) Entomology Problems . . 
T,css contributions from

A nstralinn llfoat Bon,nl 

(v) Soils and Irrign,tion Problem~ of lrrign,tion Scttlements
(r,) Citriculturnl-l~cscn.rch Stn,tion, Griffith 

Less contributions from-
New South Wales Wn,tcr Conscrnition and Irrigation Commission . . 
Spcria.l Ifovenur Fnnd- G-riffitl1 Research Stn,tion 

(Ii) Vi ticulturnl-Rcsearch Stn,tion, )forcbcin 
T,css contribu t ions from-

Dried F niits Control Board . . 
:Milclura Co-op. Fruit Company .. 
Irymplc Packing Company 
lt~cl Cliffs Co-op. Fruit Compnny 
Aurom Packing Company .. 
Co-op. Dr iccl Frnit Sales Ltd . .. 
~ynh-'\roorincn Emp1iry Committee 

53,253 
171,072 

2,066 
3,566 

23,733 
550 

1,448 
225 

1,558 
30 

967 
1,700 

450 
27,238 

32,938 
1,716 

178 

10,048 
Sl ,!J05 

280 

2,000 
1,903 

1,600 
250 
250 
250 
250 
250 
82 

£ 

544,151 

287,856 

92,528 

34,832 

478,158 

91,953 

160,996 

280 

40,106 

3,903 

50,066 

2,932 

f. 
226,840* 

256,295 

57,696 

386,205 

160,716 

36,293 

47,134 

83,427 
• Tho mnln lt~m• of expenditure uuclcr this heading nrc snlnries of tho Aclmlnlstr:nU,•e Staff at the Organization's Read Office; s.,Iaries n d . 

, tho Liaison Office~ In 1.oodon :md Washington; st.n!f nncl upkeep of su,te Committees; trnvclllog expense• of Hcn<l OOlce Staff· .,,ct ge O 
1cx0penses of officen 

,,~ • _ , oern o !lee expendltm·e. 



(vi) Soil Problems 

(vii) Food Prescrvntion 1tnd Trans port P roblems 
Less contributions from

Commonwealth Bank 

i74 

New South Wales Department of Ag-riculture 
Metropolitan Meat Jnclnstry Commission 
Queenslnnd Meat Industry Board 
Austrnliitn Meat Doard 
Australian Egg Board 
Bntlow Pncking Company 
Department of Commerce ond A:rrirulture 
Apple and Pear Board 
Varions Contributors 

(viii) Forest Products Problems 
f,e.~s contributions from-

Australian Paper Manufacturers Ltd. 
Associated Pulp and Pa11er Mills Ltd. 
Australiau Newsprint Mills .. 
New Zealand Forest Pro(lucts Ltd. 
Department of Territories 
General Donations 
Wooden Cnse 1vianufacturcrs' Association 

(ix) Mining and Metallurgy .. 
Less contri-bution from-

Austrnlasian Inst itute of }:lining and J\'fetallurgy 

(x) Radio Research .. 
Less contributions from

Postmnstcr -Gcneral's Dep11rt1i1cnt 
Depa rtment of Supply 

(xi) Ucscnreh Sen ice~ 
L ess contributioni, from-

Wool Research T r ust Account 

(xii) Industrial Chemistry 
l,ess contribut ions from

National Gas A~socintion 
Cement and Concrete Association 
Mt. Morgan Ltd. nnd Mt. Lyell Mining· and Railway Co. Ltd. 

(xiii) Fisheries Im-cstigntious 
Le.~s contributions from-

New Soi1th '\Vales Government 

(xiv) Mathematical Statistics 
(xv) Na tional Stnndanls Laboratory 

(xvi) 'rribophysics 
(xvii) Building Research 
(x\'iii) P lant Fibre Research 
(xix) Radiophysics .Research 
(xx) Metallurgica l Research 
(xxi) Nuclear Energy Research 

(xxii) Meteorological Phys ics .. 
(xxiii) Da iry R esearch 
(xxiv) Wool Tcxt-ilc Research 

Less conti-ibutions from-
\Nool Reseiirch Trust Account .. 
Wool Industry Fund .. 
Department of Supply 
Associnted Woollen :1.11cl Worsted T_£xt.ilc Manufacturers of Austrnlia 

( xxv) Fuel Research 
L ess contribution from

Joint Coal Board 

( xxvi) W ildlife Survey 
Less contribution from-

Wool Research Trust Account .. 

(xxvii) Land Research ancl Regional Survey 
Less contribution from-

Department of National Development. 
Department of Territories .. 

( xxviii) Genetics 
Le.~s coutribntion from-

Wool Research Trus t Account 

£ £ £ 

131,092 

160,602 

1,000 
1,817 

500 
1,275 

600 
750 
333 

5,876 
15 

143 
12,209 

148,393 
231,575 

1,000 
1,000 
1,000 

500 
2,731 

111 
800 

7,142 
224,433 

25,429 

600 
500 

24,929 
34,784 

8,750 
11,000 

19,750 
15,034 

185,763 

5,139 
5,139 

180,624 
320,915 

600 
1,500 
4,755 

6,855 
314,060 

143,313 

250 
250 

143,063 
40,540 

384,243 
63.:147 

110.280 
32.75fl 

248.272 
9.o,;s 

28.482 
48,4!10 
30,879 

285,656 

197,885 
79,483 

1,000 
754 

279,122 

140,185 
6,534 

15,750 
15,750 

124,435 
64,329 

32,J 65 
32,165 

77,856 
32,164 

15,559 
11,128 

26,687 

25,943 
51,109 

11,751 
11,751 

14-,192 
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(xxix) Miscellaneous-
( ct) Biophysical Research 
( b) Oenologicnl Research 
(c) Various 

Less contributions from-
Austrulian Wine Board .. 
Science and Industry Endowment l~und 
Commonwealth Bank 

(xxx) Unforeseen and Urgent . . . . 
Total of Item (b)-I1westigations 

(o) Gmnts-
( i) Research Associations-

Leather Research Association 
Bread Research Institute 

(ii) Overseas Research Studentships 

Less contributions from-
·w ool Research Trust Accotmt 
Science and Indust ry Endowment Fund 

£ £ 

1,937 
4,556 
3,499 

9,991 

2,277 
367 

2,000 
4,644-

6,SS!i 
5,000 

11,886 
25,392 

37,278 

3,637 
1,518 

5,155 

Total Salaries and Contingencies, Investigations and Grants 

2. CoNTnrnu-rroNs AND DoNATIONs. 

The following statement shows the receipts and dis
bursements during the year 1953-54 of :he funds p~·o
vided by ou~side bodies and r_ecorded m the spec1~~ 
account entitled "The Specrfic R esearch Fund 
(formerly "The Specific Purposes Trust Account:') 
-with the exception of the Wool Industry Fund, details 
of which appea1: in Section 4 :-

Receipts 1053-54 
nntl bnlnnccs Expenditure 

!Jrought forwnrtl 1053-5-J. 
from 1U52-53. 

Commonwealt h Bank (Animal 
Hen lth and P'roduction, Food 
Preservation n,nd Trans port, 
Genetics, nnd Farm Mechaniza. 

£ 

tion luver.tiga tions ) 5,5!l3 
Au5Lralian Wool Board ( Animal 

Hea"th and Production Investi-
gations-Sheep Research) . . l ,:'!07 

Australia 11 Dairy Produce Board 
( Mnstilis Investig,itions ) . . 2,000 

Gcoroc Aitken Pastoral Research 
Trfi, t ( Animal Healt h nncl P ro-
duction I nvestigations) . . 500 

W. Mcilrath Research F_ellowship 
Fu1,d-Cnpital (Anima l Hus· 
bandrv Investigations) . . 25,000 

\V Mcilrnt h Research Fellowship 
Fund (Expenses of Fellowship 
-Animal Husbandry) . . 1,558 

Aus tralinn Meat Boiird ( Cattle 
Breeding J111·esti!?a.tions) . . 20,58(1 

Australian Meat Board ( Cnseons 
Lymphaclenitis Invcstigatio:1s-
Animal Health and Production) 412 

Au•trnlian l\foat Board (Beef 
Cattle Rcsenrch) 20 

Australian Meat Bonrd (13ovine 
Pleuropncumonia Investi<?ations ) !JO 

Australian Ment ]3onrd (Parasito· 
lo!!icnl Studies of Cattle) . . 4,000 

Australian Dairy Produ ce Board 
(Parn-~itological Studies of 
Cattle) 2,000 

Ale:s:ancler Fra5er Memorial Fund 
(Animal Henlth and Production 
Invcstij:?'ntions) r.oo 

C. P . P . Fairbairn ( Animal Health 
and P roduction Jnvestigations-
Footrot Control) 30 

£ 

5,066 

515 

2,000 

25,000A 

1,558 

20,58(1 

14 

20B 

3,133 

1,566 

GOOC 

:JO 

A - This exnenclltnro rehitos to tho purchnso nf Commonwealth Inscribed 
Stock rcprcscntlnsr bnlnnce of the cnpitnl of tho F und. 

Il.- Thls expenditure Is on nccount of 1052-53. 
c - lncludcs £300 on account of IU52- 53 ex )lOnditnre nncl £75 on nccount of 

l 06 l- 52 expenditure. 

R eceipt& 1053-54 
untl bahrnces 

hroui;ht forwnrd 
from Hl~2-53. 

£ 
Department oi Territories ( Impor-

tat ion of Cattle from Pakistan ) 426 
J . L. Wilsou-Stuclies of Tick Resist

a nce of Cattle (,l nimal Health 
and Production Investigations ) 100 

Estate of the late Captain Ian 
Mcl\fo.st er ( Animal Health nncl 
Production Jm·estigntions) 3,6i6 

United Grnziers' Association of 
Que~nslaucl- Stuclies of Tick 
Resistance of Cattle (Animal 
Health ancl Production Investi
gations) 

West Australian Golf Associa tion 
( Pinnt Industry Investigations) 

United Graziers' Association of 
Qneens1a nd- Dufl"a.lo Fly and 
Cattle Tick Investigations ( En to
mology) 

Austral inn Meat Board-Cattle 
Tick lt!ve~tigntion~ (E nto• 
mology) 

Genernl Dona tions (Division of 
Entomol ogy) 

Burdekin Bequest (Drought Feed
in~ I nvestigations) 

N.S.W. \Vater Con~ervation and 
I rrigation Commission (i\lain-
tenance of Griffith Research 
Station ) 

Mildura Co-op. Fruit Co. (Dried 
Vine l~ruits Investigations, 
1.Ierbein) 

Ir,vmple Pa.eking- Co. (Dried Vine 
F m its Jn,·e$tigations. Merbein ) 

Red CJjffs Co-op. F rni t Co. (Dried 
Vine Fruits Invetitigations, 
Mcrbein) 

Aurora Packing Company (Dried 
Vine Fruits In vestigations, 
Merbein) 

Co-op. Driecl Frnit Sales Ltd. 
( Dried Vine Fruit s l t1'"estiga

tions, 1\fcrbein) 
Dried Fruits Control Board (Dried 

Fruits Invcstii:mtions ) 
N"yah-\Vool'inen Dried F ru its Jn. 

'Illiry Committee ( Dried Frnits 
Investigations) 

A11strnlian Dried Fruits Associit
tion (Packing House Methods 
Tm·estigations ) . . . . 

1,000 

51 

172 

280 

2 

1,700 

2,000 

250 

250 

250 

250 

250 

1,600 

447 

2,000 

D.-This expenditure ls on account of 1052- 53. 
R - Includc3 £503 on account of 1052- 58 expenditure. 

£ 

5,347 

3,356,158 

32,123 

3,615,121 

ExpPucll t u ro 
1953-04. 

£ 

-126D 

3,00SE 

2S0 

l,700 

2,000 

250 

250 

250 

250 

250 

1,600 

82 



Receipts 1053-M 
nntl bnlnnccs 

br ought torwnr<l 
from 195:l-!;ll. 

Australian Meat Board (Meat 
Investigations) 

Metropolitan Meat Industry Com
missioners of New South Wales 
(Meat Investigations) . . · 

Queensland Meat Inclustry Board 
(1\Ieat Investigations) 

Department of Commerce ancl 
Anricultur<: (Mutton Dch,yrlra
tion InYcstigations) . . . . 

New South Wales Department of 
Agriculture (Food Iuvcstiga-
tions) 

Vita Food Supply Co. (Food 
InYestigations) 

W. Angliss Ltd. (Division of 
Food Prescr \'n t.ion nucl Trans
port) 

Cottces Pnssiona Ltd. (Food 
Im-estigations) 

L. •Berger and Sons (Division of 
Foocl Preservation and Trans
port) 

Ilatlow Fa.eking Bouse Co-op. L_td. 
(Division of Food Pr eservation 
am! Transport-Fruit Juice 
Investigations) 

Various Contributors (Division of 
Food Preser\'ation ancl Trans
port-Fruit Product~ am! Can
ning Investigations) . . . . 

V11-rious Contributors (Division of 
Food Presernition and Trans
port-Overseas Expenscs-R. S. 
i\'Iitchell) 

Australian Egg Board (Division of 
Foocl Preservation and Trans
port-Egg InvestigatirJllS) 

Yew South Vi1ales Department of 
A"riculturc-Q,uick Freezing of 
F;uit ancl Vcgct~bles (Division of 
Food P rcsen-ation and Trans
port) 

Australian Paper Manu facturers 
Ltd. (Paper P'nlp Investiga-
tions) 

Australian Newsprint Mills 
(Pnper Pulp Invcstig'l1.tions ) 

A~sociated Pulp and Paper Mills 
Ltd. (Paper Pulp In,·cstiga-
tions) 

New Zealand Forest Products Ltd. 
(Paper Pulp Investigations) 

Sundry Contributors (Forest Pro-
ducts Investigations) .. 

" 'oodcn Case Manu facturer~ 
( Forest Pro(lucts Invcstign tions) 

Department of Territories (D<!
Yelopment of Pulp and Paper 
Jndustry in New Guinea) 

Austrabsian Institute of Mirring 
and Metallurgy (i\Iiner:igraphic 
Investigations) 

Postmaster-General's Department 
(Radio Resear ch ) 

Department of Supply (Radio 
Research) 

Drng Houses of Au~trnlia (Divi
sion of Fisheries-Ag:ar Produc
tion) 

'.\'[iscellnncous Contributor s (Divi
sion of Industriitl Chemistry) .. 

Commonwealth Fertilizers ancl 
Chcmical1;. ( Industrial Chemis
try) .. 

Department of Supply (Textile 
Degradation In vcstigations) 

N'ntio1111.I Gas Association (Ga~ 
Jnvesti!raf.i,on~ Inclnst,rinl 
Chem is.try ) 

Mt. Morgan Ltd. ,ind Mt. Lyell 
Mining anrl Railway Co. Ltd. 
( Industrial Chemistry-Co-opcrn
tive Im-esti_c:a t ions) 

£ 

iiOO 

:300 

l.27n 

li,31] 

1.000 

3 

51 

Ii 

50 

472 

147 

750 

1,000 

1,409 

1.000 

l,()00 

r;oo 

2,851 

8(15 

2,783 

:rno 

8,750 

ll,000 

2fi 

l.2if> 

300 

1,000 

i33 

5,000 

F.-Inclmlc~ .£~ on MCO\lllt of 1052--63 OXJ)On<llt\\tO. 
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Jih'.pcn(li1 urc! 
105,1-{)4. 

£ 

500 

liOO 

1,275 

:3,876 

1,000 

147F 

i!iO 

817 

1,000 

1,000 

1,000 

500 

110 

800 

2,7:ll 

!iOO 

8,750 

I l,1)00 

1,000 

(iOO 

4,7i\5 

Hcceiprs 19;;3.04 
nnd balances 

h,:ought forwnrtl 
frol)l 1052-53. 

:S.ew South \Vales Government 
(Fisheries I nvestigations) 

Russell Pty. Ltd. ( Crayfis_h ln_ve~
t ign tions (Division of F 1shenes ) 

Department of External Affairs 
(Handbook of Fish Fauna) 

Crayfish Exporters .Association_ of 
.\ustralia (Crayfish luYCstiga-
tions-Division of J?isherics) 

Australia n Cement i\lunu facturcr" 
( Cement investigations - Indus
trial Cliemistry /Soils ) 

.>\pple and Pear Bonrd-Thrip~ 
Investigatio11s 

Committee ior Dried Fru it .Mar
keting (Section of i\1ctcorological 
Physics ) 

Su11dry Contributors (Common-
weal tb Scientific and Industrial 
Research Organization- P ublicn
tions) 

Wool Wnx Report-Royalties 

Science ancl Indust ry Endowment 
Fund 

l\Iiscellaneous Contributors (Mathe
matical Instruments Section) 

Miscella neous Contributors (Mi11cru
graphic IU\·estigations) 

Wool Scourers, Carbonizers, and 
Fellmong-ers Fcderution of Au~
trnlin. ( Wool Textile Rescarcl1) 

Gener al Donatio11s ( Divi~ion of 
Building Resear ch ) 

V1trious Contrihutor~ ( Foundry 
Sands Im·estigntions-Division of 
Industrial Chemistry ) .. 

Department of National Develop-
ment - Kimberlcv Research 
Stntion ' 

Australian Dairy Proclucc Board 
(Dairy Research J,aboratoryi . . 

Au$trn linn W ine Board-Oeno-
logical Research 

Department of Territories (Tobacco 
Inve$tigations) 

Depnrtmcnt of Territories (Re
sour ces Surve;v-Pa pun and New 
G-ni nea) 

Department of Nntional Dcvolop
mcnt (Northern Australia Re
g ional Survey) 

.-\ ssocintcd W001len \:\'orsted Tex
tile !\fanufarturers of Australia 
( Wool Textile Research) 

Joint Con.I Board-( Coal lnvesti
gntions) 

George Aitken Pn~toral Re,~arch 
Trust (Wildlife Survey Section ) 

Special Revenue Fund- " Belmont " 
Field Station, Roekhampto11 
(Animal Health antl Prorl uction 
T m·cs t ign t ions) 

Spccia I ;Revenue F und-::fationn 1 
Field Station, "Gi'rnth Plnins ", 
Cunna111nlla (Animal H~nlth nm! 
P roduction Investig•ations ) 

Special Reserve Fund-National 
Field Station, "Gilruth P la ins ", 
Cmrnamulla (Animal Health and 
P'roduction Investigations) 

Special Revenue F nnd- Burdckin 
Bequest (Animal Health n11d P ro
cluction Jnvcst iga tions ) 

Specinl Revenue Fund-Research 
Station, G•rif1ith ( Citricult nral 
Tnvc~ti~ntions ) 

£ 

250 

JOO 

201 

1,500 

77 

:{40 

24 
5 

1,885 

105 

5 I :l 

::i,ooo 

001 

2S 

1,220 

20,000 

2,303 

1,475 

10.827 

J;'i,478 

fl,777 

17,000 

1,300 

~00 

~5,!!42 

15.000 

1.294 

18,525 

285,049 

G.- ;\djustm~n~ will be effr,cted In 196t-55. 
1T.- Tncludcs[£9G4 on nrcount of 19.52-53 expenrliture. 

Bx11cutllturu 
1053--54. 

£ 

250 

21)0 

1,500 

15 

l ,S85 

1,046 

10,000 

2,277 

894 

10,234 

l 5.47SR 

754 

16,750 

27,238 

450 

1,903 

205,0tH 
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3. W ooL RESE/illCH TxusT Accou NT. 

A credit balance of £688,064 was brought forward 
from 1952-53 in the Wool Research Trust Account. A 
further £440,909 was received during 1953-54, of which 
amount £390 807 was received from the Department of 
Commerce a~d Agriculture, the balance being proceeds 
of sale of produce. Complete details of transactions 
during 1953-54 are as follows :-

Ba!ttnce in Account, July 1, 1!)54 

Receivts 1953-54. 
Department of Commerce a nd Agri• 

culture 
lwi;enue-

£ 

Animal H ealth and Productiou-
Cobram Field Station 1,275 
Regional Pastoral Laboratory, 

Arrnidale . . 18,191 
Sheep Biology Laboratory, Pros-

pect 1,401 
Plant Industry-

" Glen Lossie " .Field Stutiou, 
Kojonup 7,327 

Falkincr Memorial Field 
Station, Deniliquin 14,394 

Jliochcm istry and General N utri -
tion - '' Glenthorne" Field 
Station -1,,11s 

Wool Textile Rescitrch Lnborn-
torics-

Textile Laborato1·y, Geclong . . :!,01:J 
Biochemistry Laboratory, l\fel-

bourne 92 

Proceeds dale or surplu~ equip
ment 

49,11] 

091 

£ 

;!90,807 

50,102 

£ 
088,064 

Total l~cceipts I fl5;l-54 440,909 

f,,'xpe.nd-itm·c 1!)53-54. 
Di\'ision oi Animal Health and 

Production-
Parkville-

Sheep P]1ysiology Investigations 
- l'arkville . . . . 

Sheep Physiology Investigations 
-Toorndin 

Foclcler Procluction-Cobram 
:UcMaster Laboratory-

Pa rnsitology In ,·estig·ation~
)/cw South Wnlcs .. 

Parasitology [nvcstigation~-
Tasmnnia and ·western Aus
tralia 

Parasite Physiology 1md Toxi-
cology 

Biochemical Investiµ-1Ltions .. 
Phys iology of Reprndu~tion_ .. 
Dipping and External Parasites 
Hollerith Equipment 

Veterinary Parasitology Labora
tory 'Yerron'"'pilly-

Shee1i Blowfly Investigations .. 
Sheep J3iology Litboratory, P ros

pect-
achninistrntivc rmcl Gcnernl 

Expcnsos 
l<'lcece Analysis 
Wool Biology lnvestigntions 
Strni11 Trial Investigations 

Rc!!ional Pastora.I Laboratory, 
~ Armiclale-
Parasitology, .c\grostolog~•, nncl 

li'iclc\ Investigations 

Division of Plant Inc\ustry
Agrostology Investigations 
lllineral Deficiency Studies 

Research $ervices-
A..,ric11ltural l'{eaearch and Exten• 

"sio11 Liaison 
Wool Pnblications 

1,128,973 

5,080 

1,133 
:l,4S7 

5.iG!J 

fl72 

1,095 
2,913 
2,200 
1,032 
3,199 

ti,!J75 

32,8:l4 
15,017 
23,749 

7.12fi 

57,795 
171,072 

7'1,250 
7,654 

81,904 

4,305 
834 

5,l31J 

Division of lndustrial Chemistry
Expenditure on ·wool Textile 

Rcsearch-
Chcrnical Pl1ysics Inrn~tiga.ti_ous 
Organic Chemistry Investiga

tions 
Physical (;!Jcmistry lnvestiga.

tionti 

Division of lliochemistry rLnd 
General Nutrition

Diochemical and Nutritiona l fo. 
,·cst igations 

Wool Textile Research Lnbora
torics-

Wool Textile Re&earch .. 

Wildlife Survey Section
Wildlife Survey 

Animal Genetics Section
Animal Genetics Tnvestigations 

:\iiscellaueous-
Ovcrticas Studentships 

Total C.S.I.R.O. Investiga
tions 

Urnnts from \Vool Research Trust 
Account to ins titutions under
takin<> research in 1tgricultural 
econo~1ics relating to wool pro
duction-

Department of Commerce ancl 
•~"'riculture--

Il~r~au of Agriculturnl Eco
uornics 

Wool Adviser 

Total Departme11t of Com
merce and Agriculture 
Expenditure .. 

Total Expenditure HJ53,54 

Bn.lancc ca,rried for ward to 1954-55 

£ £ 

0,658 

9,160 

1,336 

32,938 

177,731 

32,165 

11,751 

3,637 

20,154 

32,938 

177,731 

32,165 

11,751 

3,637 

536,491 

30,137 
2,410 

32,547 

4. WOOL I NDUSTRY FUND. 

£ 

569,038 

559,935 

A credit balance of £3,495 was brought forward from 
1952-53 in the Wool Industry Fund Account. A further 
£370 000 was received during 1953-54. Expenditure 
duri~g 1953-54 amounting to £372,399 was incurred 
as follows :-

Bxpcndi tm·e by O.S.l.R,.O. 
DiviR-ions and Sections. 

13inlogical Research-
Animal Health and Production-

Sheep Biology Laboratory, 
Prospcct-

Climn te Controlled Iluilcling 
F.quipmcnt 
Develop111e11t. expc11diture-

fe11cing, roads, water 
supply, &c. 

H.egion1tl P a storal Laboratory 
and Chiswick Field Station, 
Annidale-

£ 

20,349 
11,141 

7,957 

C'onstrurtion of smnll build
i11gs n11d ronds and provi• 
sion of services (i,912 

lmpro,·ement~ 4,424 
Equipment 1,690 
Furnishings for bacl\elor 

quarters and cottages . . 780 

Biochemistry :wd General Nutri
tion-

Glenthorne Experimental 
Station-

Rhecp yn.rds n.nc! nnito 

£ £ 

30,447 

13,806 
53,253 

1,716 
1,716 



Plant In<lustry-
Falkincr i\leiuori:J,l l<icld $talion, 

Dc1:iliquin-
Deve.opmm,tul cxpcnditure--

fenciug, water supply, yards, 
&c. . . . . 

"Glen Lossie" Field Station, 
Kojonup, \:Vcstern Aust!·alia-

Developmcntal cxpend1ture-
clcaring, fencing, water 
supply, &c. 

Wool Texti le Rcsearc11-
Biocbemis try La.boratory, :Mel

bourne-
Plant 

Texti le Laboratory, Geelong
Builclings and si te 
'.l.'extilc 111achi11ery 
P lant 

Phvsics and Engineering Unit, 
· Sydney-
Plant 

Bx71emlit1trc by Department of 
Works on 0 .S .l.R.O. lJwildings. 

Biological Resca1·ch-
,1,nimal Health and Production-

Sheep Biology Laboratory, 
Prospect-

Animal house No. 2 
Two prefabricated buildings 
Animal house No. l 
Main administrative building 
Climate controlled building 

Regional Pastoral LalJOratory 
and Chiswick Field Station, 
Armidale-

Residence for Officer-in-charge 

Plant Jndustry-
Head-qua rte rs, Agrostology Sec

tion, Canberra-
Ao-rostoloo-y ancl Pasture 

"'Chemistry prdabricati.ons 
Wcstel'II Australian Invcstign

tions-
Regional Laboratory, Perth .. 
Two staff cottages, Kojonup .. 

Uegionnl rastoral Laboratory anti 
Falkincr Memorial Fielcl 
Station, Dcniliquin-

Staff cottni:res 
Two pair$ of houses 
Bachelor quarters 

.Biochemistry ancl General Nutri
tion-

Glenthornc Ex.perimental 
Station-

Jrield laboratory 
Hay and chaff shed 

Minor \~orks-
Kew South Wales 
Victoria 
Western Australia 

Wool Textile Research
Biochcm1istry Laboratory, Mel

bourne-
l,aboratory building . . 

Textile Laboratory, Geelong
La-boratory ancl six. cottages 
Development of site 

l\linor Works-
New South Wales 
Victoria 

£ £ 

4,252 
56,9!)3 
4,852 

2,551 
28,891 
29,887 

GOS 
9,443 

18,447 
1,462 

404 
3,072 
2,33<1 

3,110 
480 

6,826 
l,2!J4 

7 

1,362 

53,016 
1,396 

2!17 
837 

1,883 

8,165 

2,044 

60,097 

11,343 

71,380 

584 

12,5GB 

1!),!)09 

5,810 

3,500 

8,127 

1,362 

55,012 

1,134 
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£ 

10,048 

79,484 

71,964 

38,287 

3,590 

8,127 

57,508 

Grants from Wool l ndust1·y Fund 
for Ext1·a-nmral Co-operative 
lV ool Research. 

Biological Projects
Victoria-

Melbourne Uni1•crsity
Electrolyte physiology studies 

Department of Lands and 
Surve:y-

£ £ £ 

3,000 

11,500 Rabbit Investigations 
14,500 

Western Australia
Iustitute of Agriculture

Ruminal flora studies 
Genetic studies 

Department of Agriculture and 
I nstitute of Agriculture

CJ01·er infertil ity iuvestiga
tions 

South Australia-
Roseworthy Ag1·icultural Col-

lege- . 
Progeny testrng 

Waite lnstitute---
Agrostology, wecr!s, and ento

mology 

Queensland-
Department of Agri~ulture and 

Stock-
Fertility and neo-natal mor

tality 
Progeny testing and wool 

metro logy 
Copper deliciency .. 

University of Queensland
Sheep physiology .. 
Acclimatization studies 
Small laboratory . . 

New South Wales
University of •rechnology

Wool clip ana'ysis 
University of Sydney-

Animal physiology investiga
tions 

Department of Agriculture-
Disorder metabolism 

Consen·ation ·Authority of Xew 
South Wales-

Ecologictil studies . . 

Wool Textile Research-
Gordon Institute of Technology

Wool textile in\·estigations .. 
Wool Inclustries Research Asso

ciation, Uni tecl Kingdom 

Additional I tems Sponsored by 
C.S.l.R.O . 

Footrot school for veter inary officers 
Expenses in connexion with Wool 

Textile Conference, 1955 

3,145 
1,100 

2,280 

4,135 

4,000 

850 

800 
350 

2,400 
400 

1,100 

3,830 

1,750 

4S0 

2,500 

3,570 

1,254 

286 

92 

5. DIVISION AL REVENUE. 

G,525 

8,135 

5,500 

8,560 

4,824 

378 

43,220 

4,824 

378 

372,309 

The following amounts were earned by Divisions and 
Sections apart from the Special and Wool revenue 
included under Sections 2 and 3 1·espectively :-

Get1eral Re·venue. 
Division of Animal Health and Production-

Sale of Contagious Pleuropneumonin 
Vaccine 

·Mastitis Investigations . . 
Pa rkville Lnboratorv 
Toxaemic Jaundice· Investigations Park-

vil'e, Victor in . . . . ' 
Oestrus Experiments 
Pou1try Brerdinir Jnvcsti;n1tionf 
ContnQ'ioug T"lem-opnenmonia Investiga tions 
Toorndin Field Station . . 
Bacteriological Investi!!a tions 
Parasitological Investigations 

£ £ 

6,!l72 
3,918 

3S4 

207 
l,:'!95 

11,:i:n 
355 

5 
2 1 

1,657 



Mc.Muster l•'ield Station Revenue . . 
Vctcrinru-y Farasitolo"y Lnhoratory 

_A_m_bei·ley :Field Statio;;, Queensland 
D1ns1on of Plaut Industry-

Plant Industry Tm·estiga.tions, Cunberrn 
Stanthorpc Field. Stntion 

Division of Entomology-
E ntomolo<>ical Jnvestirrations 

::\I~r:b~in Reicarch Sta tio~ Revenue . . . . 
D1vts1011 of Food Preservation and Trnnsport 

ReYenue 
Division of Foresii P'roduc't~ · · · · 
Ore-clressin.,. lnvcstio-ations 
C~n~r.al Ex1Jcriment~l Workshops .. 
D1ns1on of Industrial Chemistry-

Industrial Chemistry Investi,.,ations 
M icroa1mlysis Jnvcsti,.,ations° .. 

Division of Fisheries-
0 

Fisheries Im·e,ti:;ations 
Sale of Pearlshell .. 

D!v!s!on of ~!etrology 
D)\"!s ~on of hlcctrotechnology 
D1v1s10n of Physics .. 
Division of Building Research 
Meteorological Physics Section . . . . 
Land Research and Regional Survey, Katherine 
Fuel Research Section 

Total 

£ 
3,666 
1,174 

218 

4,1!)2 
068 

49 
4,730 

201 
l(i!) 
584 

18 

3 
2,947 

15 
281 

4,668 
763 
740 

21 
15 

1,2S7 
2 

£ 

52,646 

The above sum was paid to the credit of the Trust 
Fund Science and Industry .Account during 1953-54 
and consequently reduced the requirements from 
Treasury sources by that amount. 

6. Won.Ks PROJECTS (UN DER CONTROL OF C.S.I.R.0.). 
Expenditure on works projects from funds made 

available directly to C.S.I.R.O. by the Treasury 1s as 
follows:-

IIomebush Laboratory 
£ 

1,063 
£ 

1,963 
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7. MIS(lELLANEOUS SERVICES. 

Contribution to Commonwealth Agricultural Bureaux 
Grant to Sta11d11rds Association of Australia 
Gnrnt to Aus tralian Kationa l Resea rch Council .. 
Contribution to C.hair of Aeron1tutics at University 

of Sydney (establishment a nd maintenance ) .. 
Gran t to ~atioual Association of Testing Authorities 
Au~traliiin and New Zealand Association for the 

Advancement of Science 
Pan Indian Ocean Science Congress 
Eighth Pacific Science Congress .. 

XXXVI. .ACKNOWLEDGMENTS. 

£ 
38,401 
40,000 

1,500 

5,000 
8,400 

3,500 
600 
870 

98,271 

In various sections of this R eport reference bas been 
made as in previous years to the valuable assistance 
afforded by many S tate Departments, Universities, 
and other organizations and individuals. The Orga
nization desires to express its gratitp.de for the help 
given by these bodies and persons in providing labora
tory accommodation and other facilities and in many 
other ways. The Organization also wishes to acknow
ledge the assistance it bas received from its Committees, 
the members of which have placed their ~nowledge and 
experience so freely at its disposal. 

I. CLUNIES ROSS, Chairman· 

F. W. G. WHITE 

S. H. BASTOW Executive. 

H.G.GOODES 

.A. B. RITCHIE 

19th October, 1954. 
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