
\ 

,, 

1958. 

THE PAR LIA ~fEN11 OF 'rHE oo:MMONWEALTH OF A USTRALJ A. 

TEN.TH ANNUAL REPORT 

OF THE 

COMMONWEALTH SCIENTIFIC AND 

INDUSTRIAL RESEARCH ORGANIZATION 

.. FOR 

YEAR 1957-58. / 

(Cost of Papcr:-Prcparation, not sivcn; 850 copies; approximate cost of prinung and publishins, £t00 , 

Printed and Published for the GOVERNMENT of the COMMONIVEALl"ll OF AUSTRALIA by 
A. J. ARTHUR, Commonwealth Government Printer, Canberra. 

(Printed i.n Australia.) 

No. 52 [GROUP F].-F.6733/58.-PRICE 14s. ·~ . 

., 
L. 

j 



l. l NTRODUCTORY-
1. General 
2. Executive 
3. Advisory Council 
4. New Officers-in-charge 
S. Honours and Awards 

CONTENT S. 

6. Fodder Conservation Section 
7. Retirement of Sir John Madsen as Chairman of the Radio Research Board 
8. Advisory Council Committee on the National Standards Labormory 
9. Co ll aboration with the Universities 

I 0. Co-operative Industrial Research 
11. Conferences on Forest Products Research 
12. Overseas Visi ts-Fellowships and Studentships . . 
13. Giant Rndio Telescope 
14. Applica tion of the Results of Wool Tex ti le Research 
15. Cobalt Pellets 
16. Improved Pastures in Queensland 
17. Overseas Visitors 
18. Science and Industry Endowment Fund 
19. Buildings and Accommodation 
20. Finance 
21. Organization 

JI . SOILS-
!. General 
2. Soil Survey and Pedology 
3. Soil Chemistry 
4. Soil Physics 
s. Soil Microbiology 
6. Clay Mineralogy 
7. Soil Mechanics 

I ll. Pums-
1. General 
2. P lant Introduction 
3. Genetics .. 
4. General Botany 
s. Microbiology 
6. General Chemistry 
7. P lant Nutrition 
8. Mineral N utrition of Plants 
9. P la nt Physiology 

I 0. Biochemistry 
11 . Biophysics 
12. Plant Ecology 
13. Frui t Investigations 
14. Tobacco Investigations 
15. Pasture Investigations, Canberra 
16. Pasture Investigations, Armidalc 
17. Pasture Investigations, Deni liquin 
18. Agricultural Physics. Deniliquin 
19. Pasture Investigations, Western Australia 
20. Pasture Investigations, Queensland 
21. Fodder Conservation 

IV. IRRIGATION-
!. General 
2. Merbein 
3. Griffith 

V. ANIMAL HEALTH AND PRODUCTION­
!. General 
2. Animal Health Research Laboratory, Melbourne 
3. McMastcr Animal Heallh Laboratory, Sydney . . 
4. Veterinary Parasitology laboratory, Yeerongpilly, Queensland 
S. F. D. MeMaster Field Station, Badgcry•s Creek, New South Wales 
6. Sheep Biology Laboratory, Prospect, New South Wales .. 
7. Regional Pastoral Laboratory, Armida le, New South Wales 
8. Na1ional Field Station, " G ilruth Plains", Cunnamulla, Queensland 
9. National Callie Breeding Station, •• Belmont", Rockhampton, Queensland 

IO. Poultry Research Centre, Werribcc, Vic toria 
11. Investigations other than with Sheep and Catt le 
12. Animal Genetics 

VI. NUTRITION-
(. General 
2. Nutrition and Wool Product ion 
3. M ctabo lie Processes o f Sheep 
4. Energy Metabolism of the Sheep 
5. Microbiological Processes of Ruminants 
6. Salt Tolerance of Sheep and Potability of Stock Wntcrs 
7. Carbohydrates and Stercochemislry 
8. Minor Element Deficiencies in Animals 
9. Vitamin B,. and Cobalt Metabolism . . 

10. Plant Nutrition 
1 1. Provision of Cobalt to Ruminants by H eavy PclJets 
12. Nitrogenous Supplements for Sheep . . 

P AGE. 

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

IO 
10 
10 
IO 
11 
Jl 
11 

12 
12 
14 
17 
18 
19 
20 

21 
22 
22 
24 
24 
24 
25 
25 
25 
26 
27 
27 
28 
29 
30 
30 
31 
31 
32 
33 
34 

35 
35 
37 

38 
38 
39 
39 
39 
39 
39 
39 
40 
40 
40 
41 

42 
42 
42 
43 
43 
43 
43 
43 
43 
43 
44 
44 

-~ 

.... 



\ 

,. 

I 

CONTENTS-contlnutd. 

VU. SHUP-

1. General 
2. Nutrition and Wool Production 
3. Microbiological Processes of Rumination and Functions of Forestomacbs 
4. Energy Metabolism of Sheep 
S. Carbohydrate Metabolism of Sheep 
6. Minor Elements in the Nutrition of Sheep 
7. Provision of Cobalt to Ruminants by Heavy Pellets 
8. Nitrogenous Supplements for Sheep .. 
9. Salt Tolerance and Potability of Stock Waters 

I 0. Metabolism and Nutrition of Sheep 
I I. Drought Feeding 
12. Toxicity of Large R ations of Wheat .. 
13. Infertility and Physiology of Reproduction 
14. Breeding and Genetical Studies 
l S. Genetics of Sheep (Animal Genetics Section) 
16. Biological Studies of Skin and Wool Growth 
17. Sheep Diseases 
18. Internal Parasites 
19. External Parasites .. 
20. Sheep Blowflies 
21. Other Sheep Investigations 
22. Climate Physiology of the Sheep 

Vlll . CATrL£-
I. General 
2. Cattle Diseases 
3. lo temal Parasites 
4. Cattle Tick 
S. Biology and Control of the Cattle Tick 
6. Investigations with Dairy Cattle 
7. Beef Production in Australia 
8. Cattle Breeding Investigations 
9. Sweat Glands in Cattle 

LX. ENTOMOLOGY-

1. General 
2. Insect Physiology and Toxicology 
3. Insects and Viruses .. 
4. Population Dynamics 
S. lnscet Systematics . . 
6. Ecology of Orchard Pests 
7. Locusts and Grasshoppers 
8. Pasture Caterpillars 
9. Lucerne Flea and Red-legged Ea.rth Mite 

10. Cattle Tick 
11. Sheep Blowflies 
12. Insect Pests of Stored Products 
13. Biological Control .. 
14 . Termites and Other Wood-destroying Insects 
I 5. Ant investigations .. 
16. Insecticide Investigations 

x. WlLD LIFE-
J. General 
2. Rabbit Investigations 
3. Kangaroo Investigations 
4. Dingo Investigations 
S. Fox Investigations .. 
6. Magpie Goose Investigations 
7. Wild Duck investigations 
8. Mutton Bird Investigations 
9. Magpie Investigations 

10. Bird Banding Scheme 

XJ. UNDERDEVELOPED REGIONS­
(. General 
2. Regional Surveys 
3. Agricultural Research in Northern Australia 
4. Development Studies 
S. Climatology 
6. Hydrology 
7. Arid Zone Research 

XU. F ISH.ERIES AND OC.EANOGRAPHY-
1. General 
2. Operations of Research Vessels 
3. Fisheries Biology 
4. Taxonomy and Embryology 
S. Hydrology 
6. Physical Oceanography 
7. Productivity 
8. Zooplanktology 
9. Marine Fouling 

JO. Phytoplankton 
11. Biochemistry 

XlU. Fooo-
1. General 
2. Physics 
3. Food Chemistry 
4. Microbiology 
S. Meat 
6. Fish 

44 
44 
44 
44 
4S 
45 
46 
46 
46 
46 
47 
47 
47 
48 
49 
49 
SI 
52 
53 
53 
54 
54 

54 
SS 
55 
S6 
56 
S1 
S8 
59 
59 

S9 
S9 
60 
60 
60 
61 
61 
61 
62 
62 
62 
62 
62 
63 
63 
63 

63 
63 
65 
65 
65 
65 
65 
65 
66 
66 

66 
66 
67 
68 
68 
69 
69 

69 
69 
70 
71 
71 
72 
72 
72 
72 
72 
72 

72 
73 
73 
74 
75 
75 



l 

CONTENTS-continued. 

XIU. Fooo-cominued. 
7. Egg ln~tigations .. 
8. Fresh Fruit and Vegetable Storage 
9. C-.11oing and Fruit Products .. 

10. Frozen FruHs and Vegetables 
11. Dehydrated Foods 
12. Dairy Products 
13. Dried Vine Fruits 

Xl V. FOREST PRODUCTS­
!. General 
2. Wood and Fibre Structure 
3. Wood Chemistry 
4. Timber Physics 
S. Timber Mechanics .. 
6. T imber Preservation 
7. Timber Seasoning .. 
8. Plywood Investigations 
9. Utilization 

XV. DUILDIN0-
1. General 
2. Architectural Acoustics 
3. Bituminous Materials 
4. Clays and Clay Products 
S. Concrete Investigations 
6. Glass and Glazing .. 
7. Gypsum Plaster Investigations 
8. Lightweight Aggregates 
9. Lime and Lime Products 

I 0. Paint on Plaster Investigations 
11. Thermal Investigations 

XVI. WOOL TExru.ES-
1. General 
2. Raw Wool. . 
3. Fleece By-products .. 
4. Derivatives from Wool Wax and Suint 
S. Wool Textile Processes 
6. Finishing Processes .. 
7. Physics of Wool and Fibre Assemblies 
8. Structure of the Wool Fibre .• 
9. Wool Protein Chemistry 

l 0. Protein Slructure 
J J. Gc.neral Protein Investigations 
12. B iological Degradation of Cellulose 

XVII. I NDUSTRIAL CHfMISTRY­
l, Oeaerul 
2. Minerals Utilization 
3. Cement and Ceramics 
4. Foundry Sands 
S. PhysicaJ Chemistry 
6. Chemical Physics 
7. Organlc ChcmisLry .. 
8. Chemical Engineering 

XVUI. MINERAGRAPHY AND 0RE·DRESSING-
1. General 
2. Mineragraphic lnvcstigatiom 
3. Ore-dressing Investigations (Melbourne Laboratory) 
4. Ore-dressing lnvcstigations (Kalgoorlie Laboratory) 

XJX. FUElr-
1. General 
2. Coal Utilization 
3 • .Examination of Coal Seams 
4. Microstructure of Brown Coal 
S. Utilization of Low-rank Coal 

XX. PHYSICAL METALLURGY-­
I. General 
2. Titanium and its Alloys 
3. Deformation 
4. Analytical Methods 

XXI. T RIBOPHYSICS-
1. General 
2. Properties of Surfaces 
3. Metal Physics 

XXIJ. NATIONAL STANDARDS L ABORATORY •• 

XX U I. MfTROLOGY-
1. General 
2. Length and Associated Quantit ies 
3. Mass and Associated Quantities 
4. Applied Mechanics .. 

XXIV. PHYSICS--
I. General 
2. Heat 
3. Light 
4. Electronics 

P AGE. 

75 
15 
76 
77 
78 
78 
79 

79 
79 
80 
81 
82 
82 
83 
83 
84 

84 
85 
85 
SS 
86 
86 
86 
86 
87 
87 
87 

87 
88 
88 
88 
88 
89 
90 
90 
91 
91 
91 
91 

92 
92 
94 
95 
95 
97 
99 

100 

101 
IOl 
101 
102 

102 
103 
105 
105 
!05 

106 
106 
106 
106 

106 
106 
107 

108 

108 
109 
109 
110 

Ill 
Ill 
112 
113 

l 

• 

,, 



,, 

• 

• 

' 

CONTENTS-continued, 

XXV. El.ECTROTECHNOLOOY-

1. General 
2. Direct Current 
3. Power Frequency 
4. Audfo and Radio Frequency 
5. Magnetic Measurements 
6. Dielectrics 
7. Special Investigations 
8. Electrical Research Board 

XXVI. RADIOPHYSICS-­

I. General 
2. Cloud and Rain Physics 
3. Radio Astronomy .. 
4. Radio Propagation 
S. Radio Navigation .. 
6. Semiconductors and Transistors 
7. Ionosphere 

XXVII. ATMOSl'HERIC PHYSICS­
(. General 
2. Dynamic Meteorology 
3. Micrometcorology .. 
4. Agricultural Meteorology 
5. Radiation 
6. Ozone Investigations 
7. Miscellaneous Investigations .. 
8. Cloud and Rain Physics 

xxvm. EX'nATllRRESTIUAL PHYSICS-­
I. General 
2. Solar Physics 
3. Radio Astronomy .. 

XXIX. MATHEMATICAL ST>.Timcs AND MATHEMATICS-­
I. General 
2. Mathematical Statistics 
3. Mathematical Instruments 

XXX. RES£ARCH SERVICES­
!. Libraries .. 
2. Translation 
3. Engineering Section 

XXXJ. PUBLICATIONS, ExTENSION, AND LIAlSON ACTIVITIES­
(. General 
2. Publications 
3. Agricultural Research Liaison Section 
4. Industrial Research Liaison Section 
5. Overseas Liaison 
6. Film Unit .. 

XXXll. P ERSONNEL OF COUNCIL AND CoMMlITEES 

XXXlII. S TAPP 

XXXIV. P UBUSRED PAPERS 

XXXV. FINANCE-
). Expenditure 
2. Contributions 
3. Wool Research Trust Fund Trust Account 
4. M iscellaneous Receipts 
S. Works Projects (under CooLrol of C.S.I.R.O.) 
6. M iscellaneous Services 

XXXVl. ACKNOWLEDG~fENTS 

PAGE. 

113 
113 
114 
114 
115 
115 
116 
116 

116 
116 
116 
116 
117 
117 
117 

118 
118 
118 
119 
119 
119 
119 
119 

121 
122 
122 

124 
124 
125 

125 
125 
125 

126 
127 
127 
127 
128 
128 

129 

134 

149 

168 
171 
172 
173 
173 
174 

174 



' 

• 

c 

, 

Conunonwealth Scientific and Industrial Research Organization. 
TENTH ANNUAL REPORT FOR YEAR 1957-58. 

I. INTRODUCTORY. 

1. GENERAL. 

The Commonwealth Scientific and Industrial Research 
Organization was established in 1949, when the Science 
and Industry Research Act 1949 was proclaimed. Under 
lhat Act the Organization took the place of the existing 
Council for Scientiiic and Industrial Research, which in 
turn in 1926 had taken the place of the former Institute 
for Science and Industry. 

The powers and functions of the Organization include: 
che initiation and carrying out of research in connexion 
with, or for the promotion of, primary and secondary 
industries in the Commonwealth of Australia, or any terri­
tory of the Commonwealth of Australia, or in connexion 
with any matter referred to the Organization by the 
Minister; the training of research workers; the making of 
grants in aid of pure scientHic research; the testing and 
standardization of scientific apparatus and instruments, and 
the carrying out of scientific investigations connected with 
standardization; the collection and dissemination of infor­
m ation relating to scientific and technical matters; the pub­
lication of scientific and technical reports and periodicals; 
ri nd acting as a means of liaison with other countries in 
matters of scientific research. 

2. E XECUTIVE. 

During the year the Chairman, Sir Ian Clunies Ross, 
spent three mo11ths working with the Committee on Aus­
tralian Universities under the chairmanship of Sir Keith 
Murray. Also during the year, the Chairman was 
appointed Deputy Chancellor of the University of 
Melbourne. 

In January, 1958, the Chairman spent some weeks in 
India and Pakistan, at the invitation of the Governments 
of those countries, and attended the Forty-fifth Session 
of the Indian Science Congress at Madras. 

At the request of the Minis ter, the Right Honorable 
R . G, Casey, Mr. A. W. Coles visited the United States 
of America in the early part of 1958 to study the poten­
tialities for exploitation there of inventions arising from 
the Organization's research. 

The term of office of Mr. H. J. Goodes ended on 18th 
May, 1958; Mr. Goodes had been a member of the 
Executive since 19th May, 1949. 

3. ADVISORY COUNCIL. 

The following members retired from the Advisory 
Council during the year:­

Mr. D . Mackinnon. 
Mr. I. M. McLennan, B.E.E. 
Professor Sir Leslie H. Martin, C.B.E., P h.D ., F .A.A., 

F.R.S. 
Professor M. L. Oliphant, M .A., Ph.D., D .Sc., LL.D., 

F .A.A., F.R.S. 
The following new members have been co-opted to the 

Council:-
Mr. B. Meecham, O.B.E. 
Professor J. W. Roderick, M.A., Ph.D., M.Sc., F.A.A. 
Mr. W. Sloan. 
Mr. L. W. Weickhardt, M.Sc. 

4. Ne.w OFFICERS-IN-CHARGE. 

Mr. E. R. Hoare, B.Sc., M.I.E.E.. has been appointed 
Officer-in-charge of the Irrigation Research Station, 
Griffith, New South Wales. Mr. H oare was formerly in 

charge of the H orticultural Engineering D epartment of 
the National Institute of Agricultural Engineering, United 
Kingdom. Prior to this, he was a research engineer and 
physicist with the General Post Office in the United 
Kingdom. 

Dr. D. B. Williams, B.Sc.Agr., B.Com., Ph.D., bas 
been appointed Officer-in-charge of the Agricultural 
Research Liaison Section. D r. Williams was formerly 
Assistant Director of the Commonwealth Bureau of 
Agricultural Economics, bas studied agricultural economics 
at the University of lllinois, United States of America, 
and was for a number of years Rural Economist at Rose­
worthy Agricultural College. 

5. HONOURS AND AWARDS. 

The following officers of the Organization received 
honours and awards during the year:-

D r. I. W. Wark, Chief, Division of Industrial Chemis­
try: General President, Royal Australian Chemical 
Institute. 

Mr. Ian Langlands, Chief, Division of Building Re­
search: Member of the Interim Council, Monash 
University. 

Dr. D . F . Martyn, F.R.S., Chief Officer-i n-charge, 
Radio Research Laboratories: Medal of the 
Physical Society of London. 

Mr. R. Milton Moore, Assistant Chief, Division of 
Plant Industry: President, Australian Institute of 
Agricultttral Science. 

Dr. K. L. Sutherland, Assistant Chief, Division of 
Industria l Chemistry: H. G. Smith Memorial 
Medal, Royal Australian Chemical Institute. 

Dr. A. W . Turner, Assistant Chief, Division of Animal 
Health and Production: Gilruth Award, Australian 
Veterinary Association. 

Dr. H. R . C. Pratt, Officer-in-charge, Chemical Engi­
neering Section, D ivision of Industrial Chemistry: 
Doctor of Science, University of London. 

Mr. B. Y. Mills, Senior Principal Research Officer, 
Division of Radiophysics: T homas Ranken Lyle 
Medal, Aust ralian Academy of Science. 

Dr. J . M . Cowley, Senior Principal Research Officer, 
D ivision of Industrial Chemistry, and Mr. J. F. 
Wild, Principal Research Officer, Division of Radio­
physics: Edgeworth David Medal, Royal Society 
of New South Wales. 

Dr. C. S. Piper, Senior Principal Research Officer, 
Division of Soils: Verco Medal, Royal Society of 
South Australia. 

Mr. A. Walsh, Senior Principal Research Officer, 
Division of Industrial Chemistry: F ellow, Aus­
tralian Academy of Science. 

Dr. A. B. Wardrop, Senior Principal Research 
Officer, Division of Forest Products: Doctor of 
Science, University of Melbourne. 

Dr. J . A. Barker, Principal Research Officer, Division 
of Industrial Chemistry: Doctor of Science, Uni­
versity of Melbourne. 

Dr. M. A. Jermyn, Principal Research Officer, Wool 
Textile Research Laboratory, Parkville: Grimwade 
Prize, University of Melbourne. 

Dr. N. King, P rincipal Research Officer, D airy Re­
search Section: Silver Medal, Australian Society of 
Dairy Technology. 

Mr. I. E. Newnham, Principal Research Officer, Divi­
sion of Industrial Chemistry: Waverley Gold 
Medal of the scientific journal, R esearch. 



Dr. J. M. 'Thomson, Principal Research Officer Divi­
sion of Fisheries and Oceanography: Do;tor of_ 
Science, University of Western Australia. 

Dr. W. 0. Williamson, Principa1 Research Officer, 
Division of lutlustrial Chemistry: Doctor of 
Science, University of London. 

Mr. C. S. Andrew, Senior Research Officer, Division 
of Plant Industry: Rockefeller Fellowship. 

Mr. J. E. Coaldrake, Senior Research Officer, Divi­
sion of Plant Industry: Commonwealth Fund 
Fellowship. 

Dr. L. W. Davies, Senior Research Officer, Division 
of Radiophysics: Commonwealth Fund Fellowship. 

Dr. D. S. Mathewson, Research Officer, Division of 
Radiophysics: Leverhulme Research Fellowship, 
Univel'sity of Manchester. 

Dr. J . H. Bradbury. Research Officer, Wool Textile 
Research Laboratory, Geelong: Rennie Memorial 
Medal. Royal Australian Chemical Institute. 

6. FODDER CoNSERVATrON SECTION. 

The name o.f the former Plant Fibre Section at Highett, 
Victorin. has been changed to Fodder Conservation Sec­
tion. The Section is studying the problems associated with 
haymaking and ensilage. 

7. RETIREMENT OF Sm JoHN MADSEN AS Cu.AIRMAN OF 

Tl-IE RA'DTO RESEARCH BOARD. 

8 

Emeritus Professor Sir John Madsen, B.E., D.Sc., 
F .A.A., retired as Chairman of the Radio Research .Board 
during the early part of 1958. It was largely due to the 
etforts of Sir John Madsen that the Board was formed 
in 1927 to initiate and develop radio research in Australia, 
and Sir John has been its Chairman continuously since its 
formation. Under Sir John's guidance the Board has 
enabled many outstanding students to pursue post-graduate 
studies, and has led AustraJian scientists to play a leading 
role in research on the ionosphere and radio propagation. 
T he policy of the Board bas bad a very marked practical 
influence on the progress of radio communication in 
Australia and throughout the world. Sir John bas had a 
long association with the Organization and its predecessor 
the Council for Scientific and Industrial Research, having 
been at various times a member of the Advisory Council, 
a member of the New South Wales State Committee and 
Chairman of the Electrical Research Board. He is 
succeeded as Chairman of the Radio Research Board by 
Professor L. G. R. Huxley, M.A., D.Phil., F.A.A.1 Pro­
fessor of Physics, University of Adelaide. 

8. ADVISORY COUNCIL COMMITTEE ON THE NATIONAL 
STANDARDS LA BORA TORY, 

At the request of the Advisory Council, a con:unittee 
was convened to consider the future development of the 
National Standards Laboratory. The committee repre­
sented both science and manufacturing industry and 
included-

Dr. A. V. Astin, Director of the National Bureau of 
Standards, Un,ited States of America. 

Mr. J . W. Harrod, Deputy Chief Engineer, Electricity 
Trust of South Australia. 

Captain G. I. D. Hutcheson, Managing Director, 
Cockatoo Docks and Engineering Co. Pty. Ltd. 

Sir John Madsen, Emeritus Professor of Electrical 
Engineering, University of Sydney. 

Professor M. L. Oliphant, F .R.S., Director, Resenrch 
School of Physical Sciences, Australian Natiooal 
University. 

Mr. W. W. Pettingell, General Manager, Australian 
Gas Ught Co. 

Mr. H. B. Somerset, Managiog Director, Associated 
Pulp and Pape< Mills. 

Mr. H. A. Wills, Department of Supply. 

Dr. F. W. G. White, Deputy Chairman, C.S.I.R.0. 
Dr. S. H. Bastow, Chief Executive Officer, C.S.I.R.0. 
Mr. L. Lewis, Officer-in-charge, C.S.I.R.O. Industrial 

Research Liaison Section. 
The Committee met in November 1957 and submitted 

a report to the Advisory Council (see Chapter XXII., 
Section (b)) . 

As one of the first consequences of the recommendations 
of the Advisory Council Committee on the National Stan­
dards Laboratory1 Mr. N . A. Esserman; B.Sc., F.Inst.P., 
A.M.LE. (Aust.), has been appointed as the first Direct01 
of the National Standards Laboratory. Mr. Esserman 
will continue as Chief of the Division of Metrology. 

9. COLLABORATION WITH THE UNIVERSITIES. 

Many of the Divisions and Sections have close ties wilb 
the universities, and work undertaken in co-operation in 
this way is described in. the appropriate sections of this 
report. A number of new arrangements have been made 
with the universities during the year, included amongst 
which are the following: -

The Organization is co-operating with the Australian 
National University in the development of a Biological 
Inorganic Chemistry Unit. This group is preparing com­
plex chemicals which are of great importance in biological 
research in many laboratories throughout Australia. 

The Fodder Conservation Section has become closely 
associated with the School of Agriculture at the University 
of Melbourne especially on the biochemical aspects of its 
Work. The Reader in Agricultural Biochemistry in the 
School has been appointed as a scientific adviser to the 
Section, 

The Organization has assisted the University of Adelaide 
with the maiatenance of an electron microscope which has 
been used by its Animal Genetics Section. At the Univer­
sity of Sydney, a joint C.S.I.R.0.-University electron 
microscope laboratory is being established. It will be 
equipped with two instwments and will have a staff of 
four. The cost of establishing and running th.is unit is to 
?e ~hared equally between the University and the Organ­
ization. 

Support has also been given to the following new pro­
jects:-

The est<:blis~ent of a Readership in Dairy Husbandry 
at the Uruvers1ty of Sydney and work on the action of 
rennet in casein; studies on the interaction or the endo­
plasmic reticulum of plant cells with other cellular com­
ponents at the University of Adelaide; and research into 
the microbiology of soil in rice fields at the University of 
Queensland. 
Tb~ Division of Fishe~ies ~d Oceanography again 

organized a School of Manne Bwlogy which was attended 
by students from the Universities of Sydney, Adelaide, 
Melbourne, and New E ngland. 

<?·S.I.R.O. office:s have continued to lecture on special 
topics to students 1n nearly all tbe Australian universities. 
An arrangement bas recently been made whereby students 
~or higher degrees at tl~e National University may work 
111 C.S.f.R.0. Juboratones under the supervision of a 
C.S.I.R.O. officer, thereby having access to the Organiza­
tion's special equipment. 

to. Co-OPERATIVE lNDUSTlUAL R ESEARCH. 

The Organization encourages industrial establishments 
to join with it in co-operative research projects and pro­
grammes. Industry can enlist the collaboration of the 
<?rganization's research resom:ces in activities ranging from 
smgl~ s~onsored research pro1ects to autonomous research 
assoc1attons. 

.1:'he repo:t of the . work of the Industrial Research 
Liaison Section, es~abl!shed to strengthen the liaison be­
twee~ th~ Orga 01zauon and secondary industry, is 
described m Chapter XXXI., Section 4. 
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Tbe Organization has continued its financial support to 
Lhe Australian Leather Research Association, the Bread 
Research Institute of Australia, the Wine Research In­
stitute, and the Australian Coal Association (Research) 
Ltd. 

A number of new sponsored research projects with 
industry have been initiated during the year. These 
include: 

Work on the sintering of brown coal ash by the DivisiO!ll 
of Indusb·ial Chemistry is being supported by the State Elec­
tricity Commission of Victoria, the Gas and Fuel Corpora­
tion of Victoria, and Australian Paper Manufacturers Ltd.; 
a nd assessment of a process for the production of rutile 
from ilmenite is being made by the Division of Industrial 
Chemistry for a group of Australian Companies; the Divi­
sion of Building Research is investigating the practicability 
of using ordinary household hot-water heaters fired by 
brown coal briquettes for space heating as well as water 
heating in lower and medium priced houses for the State 
Electricity Commission of Victoria; a full examination was 
made by the Ore-Dressing Laboratory, Melbourne, of pro­
posals for expanding production at Wattle Gully Gold 
Mines N.L. 

The above co-operative research projects are additional 
to those mentioned in previous Annual Reports. A full 
list of contributions and donations for research received 
by the Organization is given in Chapter XXXV., Section 2. 

11. CONFERENCES ON FOREST PRODUCTS RESEARCH. 
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The Organization co-operated in arranging the first con­
ference in Australia of representatives of British Common­
wealth Forest Products Research Laboratories which met 
in August, 1957. This was possible because Australia and 
New Zealand were the host countries for the Seventh 
British Commonwealth Forestry Conference, and some 
of the delegates attending the Forestry Conference were 
able first to confer at the Forest Products Research Con­
ference. The conference was opened by the Minister, the 
Right Honorable R. G. Casey, and the discussions were 
mainly on fundamental research and the organization of 
research. The delegates were given a resume of research 
in this field being carried out in Australia, with particular 
reference to the increasing co-ordination between Aus­
tralia and New Zealand in forest products research. 

Amongst the overseas scientists who attended the con­
ferences were: Colonel J. H. Jenkins, Chief, Forest Pro­
ducts Laboratories of Canada; Professor R. W. Wellwood, 
University of British Columbia; Dr. F. Y. Henderson , 
Director, Forest Products Research Laboratory, United 
Kingdom; Mr. J. H . Van Wyk, Chief Research Officer, 
Forest Products Institute, South Africa; Mr. J. J. Byrne, 
Director, Division of Forest Products Research, United 
States Forest Service; and Mr. J . S. Reid and Mr. H. R. 
Orman, New Zealand Forest Service. 

J 2. OVERSEAS VISITS, FELLOWSHlPS, AND STUDENTSHIPS-

Qfficers of the Organization represented Australia at a 
number of overseas scientific conferences during the year. 
These included the Fourteenth International Congress of 
Pure and Applied Chemistry, the T welfth General 
Assembly of the International Union of Scientiiic Radio. 
the Sixth Commonwealth Congress on Mining and Metail­
lurgv, the Fifteenth International Congress on Zoolo!).y, 
the Ninth Pacific Science Congress, the Nineteenth Con­
ference of the International Union of Pure and Applied 
Chemistry, the General Assembly of the International 
Union of Geodesy and Geophysics, tbe Fourth F.A.O. 
Wood Technology Conference, the Pan Indian Ocean 
Science Association Congress. and the International 
Genetics Cong1·ess. 

Seven officers went overseas for short periods as advisers 
on F.A.0. assignments, at the invitation of U.N.E.S.C.0 .. 
under the Colombo Plan, or at the invitation of oversea~ 
governments. 

The Chief of Ille Division of Forest P roducts, Mr. S. A. 
Clarke, visited the United Kingdom at tbe request of the 
Department of Scientific and Industrial Research to advise 
on problems related to the pulping of plantation thinnings. 

The Chief of the Division of Food Preservation and 
Transport, Dr. J. R. Vickery, spent five months in the 
United Kingdom at the invitation of the Ministry of 
Agriculture, FisherieS', and Food to examine and report on 
proposals for the extension of research on meat in the 
United Kingdom. 

A number of officers made overseas visits to collect 
information on new developments in scientific research 
and to acquire general experience in their particular fields. 
In addition. four officers went abroad at the invitation of 
overseas universities and other research organizations for 
consultations concerning special aspects of their work. 

Six Australian graduates were given studentships to 
enable them to undertake advanced research training 
overseas, and in addition, four officers of the organization 
were awarded overseas studentships for the same purpose. 
Two officers were awarded traineeships for advanced 
overseas training in specific fields of research. 

In addition. 7 5 graduates were awarded studentships 
to continue their post-graduate studies towards higher 
degrees at Australian universities, 26 of them gaining 
senior studentships. the tenure of which is for two years, 
and 49 of them gaining junior studentships, for one year 
only. One of these students came from En!!land while 
another was a New Zealand !!raduate. One officer of the 
Organization was awarded ~ Divisional studentship for 
advanced study at an Australian university. 

The Organization continued to provide training facilities 
for students and Fellows coming to Australia under the 
auspices of the Colombo Plan, F.A.0., and U.N.E.S.C.O. 

13. GIANT RADIO T ELESCOPE. 

The design study for the proposed giant radio telescope 
referred to in the Ninth Annual Report to be erected for 
the Division of Radiophysics is now complete, and the 
decision has been taken to proceed with the construction 
of the instrument. A site for the telescope has been 
selected near Parkes, New South Wales (see Chapter 
XXVTTT., Section 3). 

14. APPLTCATfON OF THE RESULTS OF WOOL ThxTILE 
RESE.~RCH. 

In Chapter XVI., reference is made to important 
advances resulting from research aimed at improving the 
methods employed in the manufacture of wool textiles. 
Jn attempting to ensure that the results of its wool textile 
research are fully exploited, the Organization faces prob­
lems more complex than those that normally arise in 
anplying its work in other fields. The essential objective 
of wool textile research bv C.S.I.R.0 . is to enhance the 
position of wool as a text ile fibre. Since the great bulk 
of the Australian wool clip is processed overseas. new 
developments arising from research. if they are to be 
effective. must be applied not only in Australia but in 
the major wool consuming countries of the world. 

The obvious first step is to applv advances in tech­
noloey in the Australian textile industry. Once their 
advantages have been demonstrated in this way adoption 
of the new techniques in other countries would appear to 
be likelv. But in a traditional industry widespread aclolJ­
tion of innovations is apt to be very sJow, and unless tech­
nical assistance can be given to users there is a real clan!!er 
of new developments being discredited because of fanltv 
application. 

For prompt and effective transfer of rcsenrch results to 
the wool textile industries of overseas countries. assistance 
from adequate technical liaison groups in those countries 
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is considered to be essential. Except in relatively rnre 
instances C.S.I.R.O. cannot divert staff for tecbni.cal 
liaison duties overseas, and moreover this type of tech­
nical liaison work can best be carried out in association 
with promotional activities that are not appropriate for 
C.S.I.R.O. It seems, therefore, that if C.S.l.R.O. research 
in the wool textile field is to be applied to best advantage 
overseas it must be through the agency of technical liaison 
teams associated with a promotional organization active 
Lnroughout the world. 

As a result of representations made by the Australian 
Wool Bureau some extension of the technical liaison acti­
vities of the International Wool Secretariat and its affiliated 
organizations has r.ecently been agreed upon. In this .con­
nexion, the Australian Wool Bureau and the International 
Wool Secretariat are co-operating in making known to 
clothing manufacturers tfu·oughout the world the Organi­
zation's SI-RO-SET process for the permanent pleating and 
creasin" of oarments. C.S.l.R.O. would Jike to see a 
major :xpans'ion of this type of work by the International 
Wool Secretariat and its associates, with full acceptance 
by those bodies of responsibility for ~ro~1otion of new 
technical developments in tbe wool textile industry. 

15. COBALT PELLETS. 

Graziers in Australia have widely adopted the heavy 
pellet invention developed within the D_iv.isio~ of Bio­
chemistry and General Nutrition for admm1stermg cobalt 
supplements to sheep (see Chapter Vil., Section 7). Tb~se 
pellets lodge in th~ forestomachs of. the sheep and. grv.e 
up the small quantity of cobalt reqmred for the ammal s 
healthy development. 

Applications for patents coveri~g the inventio~ have 
been lodged in a number of countries overseas. Six Aus­
traJian companies are manufacturing cobalt pellets under 
licence and have been permitted to use the trade mark 
SI-RO-CO to distinguish pellets conforming to the 
Organization's requirements. One of these firms bas been 
granted an exclusive licence to u~e the invention oversea_s, 
and it is expected that substantial royalty payments will 
11ccrue to the Orgaaiz<\tion. 

16. IMPROVED PASTURES lN QUEENSLAND. 

A considerable programme of research centr~d on th.e 
Organization's Plant and Soils Lab~ratory, Bnsb~e, is 
concerned with improving the quality and quantity of 
fodder available to grazing animals in Australia's northern 
areas. Most of the research has so far been concerned 
with the vast area of Queensland that lies south of the 
Tropic of Capricorn and which receives good rainfall­
an area of some 100,000 squa..re miles. It is already clear 
that it will be possible to greatly increase the carrying 
capacity of this region through the replacement of natural 
pastures by sown pastures. 

The soils in this area are almost universally short of 
ni troaeo, and accordingly a great deal of work has been 
conc;rned with legumes which are being introduced, along 
with new grasses, into experimental plots of pasture. 
Several promising species are under test in the ~eld, and 
it is expected that some important defects which have 
now been defined will be eliminated by breeding and 
selectioa. 

It has already been established that many preconceived 
ideas derived from experiences in southern Australia are 
not applicable in the north. New information being 
obtained in the area will have relevance in northern Aus­
tralia generally, an.d in many other tropical and sub­
tropical regions throughout the world. 

AJthough this work will be of significant interest to all 
graziers, it will be of greatest value to the beef cattle 
industry. 

17. OVERSEAS VISITORS. 

Australian scientists received advice and stimulation 
from leading scientists from overseas who visited Aus· 
tralia during the year. The Organization particularly 
welcomed the following visitors:-

Sir H arry Jephcott, Chairman of the Council of the 
the Department of Scientific and Industrial Research, 
United Kingdom; Professor E. N. da C. Andrade, F.R.S., 
Emeritus Professor of Physics; University of London; 
Dr. A. V. Astin, Director of the National Bureau ot 
Standards, United States of America; and Professor J . H. 
Gaddum, F.R.S., D epartment of Materia Medica, Univer­
sity of Edinburgh. 

Other scientists from overseas establishments who visited 
the Organization during the year, or who actively co­
operated on research projects, included-

Professor T. A. Geissman, Professor of Chemistry. 
University of California; at the Division of Indus­
trial Chemistry, studying stock poison plants. 

Dr. James N. Luthin, Associate Professor of Irriga· 
tion, University of California; at the .Division ot 
Soils studying irrigation and soil physics. 

Dr. Donald F. Poulson, Professor of Zoology, Yale 
University; at the Division of Entomology studying 
the digestion of insects. 

Dr. R. B. Montgomery, Associate Professor of 
Oceanography, Johns Hopkins University; at the 
Division of Meteorological Physics studying 
descriptive physical oceanography. 

Professor Lee Moon Kang of the Chenbuk National 
University, Korea; at the Division of Industrial 
Chemistry studying flotation . 

Professor G. F. Stewart, Chairman of the Depart· 
ment of Poultry Husbandry, University of Cali· 
fornia; at the Division of Food Preservation and 

Transport. 
Dr. J. Dainty, Reader in Biophysics, University of 

Edinburgh; at the Division of Biochemistry and 
General Nutrition. 

Dr. Gabriel H armoir, Agrege et Chef de Travail, 
Laboratoire de Biologie Generale, University of 
Liege, Belgium; at the D ivision of Food Preserva­
tion and Transport. 

Dr. E. J . L. Soulsby, of the School of Veterinary 
Medicine, University of Cambridge; at the 
McMaster Animal Health Laboratory studying 
immunity to nematode parasites. 

Professor M . S. Doty, Department of Botany, Univer­
sity of H awaii; at the Division of Fisheries and 
Oceanography comparing methods of assessing 
biological productivity of the sea. 

In addition, a number of scientists from overseas have 
visited the Organization as delegates to conferences and 
symposia, under the Colombo Plan and various training 
schemes. 

18. SCIENCE AND INDUSTRY ENDOWMENT FUND. 

The Executive, as Trustees of the Science and Industry 
Endowment Fund, awarded grants to assist research 
workers as follows:- Mr. N . V. Dobrotworsky to work 
on the ecology and taxonomy of mosquitoes; Dr. J. 
Pearson to continue his work on Australian marsupials; 
Dr. J. W. Evans to enable him to visit New Caledonia 
to collect material for a monograph on the Homoptera 
group of insects; Mr. Tarlton Rayment to enable him to 
complete the catalogue of the Apoidea of Western Aus­
tralia; and Mr . .T. Warham for ornithological work. 

In addition, small sums were contributed towards travel­
ling expenses. as follows:-Dr. M. H. Maguire of the 
New South Wales University of Technology who received 
a visiting Fellowship at the Sloan-Kettering Institute for 
Cancer Research; Mr. J . A. Aird of the State Rivers and 
Water Supply Commission of Victoria to attend the annual 
Conference of" Aslib" in London; and Mr. D . P. Fielder, 

If 

• 

" 



• 

• 

11 

a student of the University of Adelaide, to attend the 
School of Marine Biology at the Division of Fisheries and 
Oceanography, Sydney. Grants were also made to three 
overseas scientists to defray expenses associated with visits 
to Australia. The recipients were: P rofessors J. M. 
Robertson, F.R.S., Dr. J . F. Loutit, and Dr. L. H . Gray. 

A grant was made to the Science Teachers' Association 
of Victoria as a general contribution to its work. 

19. BUILDINGS AND ACCOMMODATION. 

There is reason for concern at the standard of buildings 
and accommodation in which the Organization's staff are 
working in some of the Divisions and Sections. This 
situation bas steadily deteriorated in the post-war years, 
and the annual construction of new buildings bas been 
inadequate to keep pace witb tbe growth which has taken 
place in the Organization's activities and staff. This is 
a serious matter. Research scientists are in keen demand 
all over the world, and it roust be recognized that the 
pl'ovision of accommod'ation and equipment of high 
standard is one of the most potent factors in retaining men 
of high ability in this country. 

D uring the year, Lhe following buildings were 
completed:-

New South Wales-
Camden-Three rooms at " Harben Vale ", Radio 

Research Laboratories. 
Griffith-Additions to residence of Officer-in­

charge, Irrigation Research Stations. 
Ryde- Library extension, Wool Textile Research 

Laboratories. 
Victoria-

Highett-Workshop building, Engineering Section. 
Parkville- .Chemical store, Wool Textile Research 

Laboratories. 
Australian Capital Territory­

Caoberra- Laboratory building, Division of P lant 
Industry. 

Service building, Division of Land Research and 
Regional Survey. 

Garage extension. 
Queensland-

Mareeba-Laboratory and four resideqc;es, Tobacco 
Research Institute. 

The following buildings were acquired:­
• New South Wales-

Deniliquin-Two residences. 
Victoria-

Parkville-" Mayfair ", Royal-parade, Parkville, 
Wool Textile Research Laboratories. 

The following are in course of construction:­
New South Wales-

Cronulla-Laboratory extension, Division of 
Fisheries and Oceanography. 

Prospect- Main building, Division of Animal 
Health and Production. 

Ryde-Laboratory building and workshop, Coal 
Research Section. 

Victoria-
East Melbourne- Additional story at Head Office. 
Geeloog- Extensioo to weaving shed, Wool Textile 

Research Laboratories. 
Queensland-

St. Lucia-Main building, P lant and Soils 
Laboratory. 

South Australia-
Adelaide- Main building, Division of Soils . 

20. F INANCE. 

Chapter XX.XV. gives details of the expendit~re . of 
£7 414 261 incurred during 1957-58 by the Orgaruzatton 
fr~m ~ funds at its disposal. Of this sum, £6,8~1!~78 
was expended in connexion with normal research achv1ties, 
£429,328 on capital works, and £1~3,655 on. grants to 
oi1tside bodies. The funds for this expenditure were 

derived from the Commonwealth Treasury, contributions 
made available from outside bod'ies including the Wool 
Research Trust Fund Trust Account, and the Organiza­
tion's revenue from miscellaneous sources. 

The following table summarizes the sources of these 
funds, and activities on which they were expended. 
Details of the expenditure may be ascertained by 
reference to the relevant Sections of Chapter XXXV. 

Source of Funds. lnv,estica-
llOllS. 

Ca pital 
Works. 

Grants to 

I 
Outs ide Tomi. 
Bodies. 

£ £ £ £ 
T reasury Appropria· 

tion .. . . 5,427,102 89,636 123,655 5,640,393 
(Section L) (Scctio 11 5) (Section 6) 

C.S.l.R.O. Revenue 152,501 .. .. 152,501 
(Section 4) 

Total Treasury Funds S,579,603 89,636 123,655 5,792,894 
Wool Research Trust 

Fund Trusl Account 998,507 269,421 .. 1.267,928 
(Section 3) (Section 3) 

Contributions (other 
1han wool) . . 283,168 70.271 .. 353,439 

(Section 2) (Section 2) 

6,861,278 429,328 123,655 7,414,26 1 

The Organization is gratified by the way in which 
various bodies continue to support it, and by the marked 
interest shown by certain sections of industry which have 
provided funds for co-operative research. Among the 
many contributions received, reference may be made to 
those of the Australian Meat Board, the Australian Dairy 
Produce Board, the Australian Egg Board, the Queens­
land Meat Industry Board, the New South Wales Depart­
ment of Agriculture, the New South Wales Water Con­
servation and Irrigation Commission, the Metropolitan 
Meat Industry Board of New South Wales, the Ian 
McMaster Bequest, the Alexander F raser Memorial Fund, 
the Burdekin Bequest, the d'ried fruits industry, the Aus­
tralian Institute of Mining and Metallurgy, the State Elec­
tricity Commission of Victoria, the Cement and Concrete 
Association of Australia, the timber industry, the Asso­
ciated Fibrous Plaster Manufacturers of Australia, the 
Paint Manufacturers' Association, Bowen Consolidated 
Coal Mines Ltd., and the United G raziers' Association of 
Queensland. 

21. O RGANIZATION. 

For the purpose of carrying out its research work, the 
Organization has established a number of Divisions and 
Sections. The Divisions, of which there are now eighteen, 
comprise the major establishments, which may be further 
subdivided into Sections; there are also eighteen inde­
pendent Sections comprising establishments which have 
not reached a stage of development, so far as the scope 
and magnitude of their operations are concerned, to justify 
their designation as Divisions. 

Jn the present report, an attempt ·bas been made to 
group the material according to its subject matter rather 
than according to the Divisions or Sections concerned. 
Additional chapters and appropriate cross-references have 
been inserted, however , to permit the work of any particu­
lar Division to be reviewed as a whole. 

As the Organization's investigations extend on a 
Commonwealth-wide basis and as many of the investiga­
tions which are being conducted-particularly those con­
cerned with problems affecting the agricultural and pas­
toral industries- necessitate experimental work in tbe field, 
a number of branch laboratories and field stations have 
been established in various parts of Australia. 

The Head' Office of the Organization is iu Melbourne 
and associated with it are the Organization's central library, 
Agricultural Research Liaison Section, Industrial Research 



Liaison Secti_on, Films Unit, and Eclitoria1, Publications, 
and TT~ns\nt1on groups. The Organizalion also maintains 
Austt:ahan Scientific Liaison Offices in London and 
Washington. 

The Divisions which have been established (in order 
of their formation) are as follows:-

1'/ant Industry, with head-quarters in Canberra and 
mnin laboratories in Canberra and Brisbane, 
regional laborntoties in Perth, Hobart, and Denili­
quin. New South Wales, and field stations, experi­
mental farms, &c., at Canberra, at Lawes, 
Applcthorpc, and Mareeba, Queensland, at Trangie, 
New South Wales, and at Kojonup, Western Aus­
tralia. 

Entomology, with head-quarters and main labora­
tories in Canberra, a smaller laboratory in Sydney, 
an<.1 fleld stations nt Trangie, New South Wales, at 
Rockhampton. Queensland. nnd at Perth. 

Animal Flealth and Production, with bead-quarters in 
Melbourne, laboratories in Melbourne, Sydney, 
Prospect (New South Wales). aod Brisbane, and 
field stations at Armidale and Dadgery's Creek, 
New South Wales, at CunnamuUa. Amberley, and 
Rockhampton, Queensland, and at Werribee and 
Tooradin, Victoria. 

Biochemistry and General Ntttrition, with head­
quarters in Adelaide and field stations at O'Halloron 
HiU. Robe, and Brecon, Sooth Australia. 

Soils, with head-quarters and laboratories in Adelaide, 
and branch laboratories in Perth, Canberra, 
Brisbane, Melbourne. and Hobart. 

Forest Pl"oducts, Melbourne. 
Food Pl"esermti.?11 and Transport, with head-quarters 

and laboratories in Sydney, branch laboratories in 
Brisbane and Hobart. and minor laboratories in 
Gosford, New South Wales. 

Fisheries and Oceanography, witb head-quarters and 
main laboratories in Cronulla, New South Wales, 
laboratories in Perth and Melbourne. and field 
scatioos at Hobart and Thursday Island. 

Metrology, Physics, and Elec/roteclmology, compris· 
ing together the National Standards Laboratory, 
Sydney. 

Radiophysics, Sydney. 
Industrial Chemistry, with head-quarters and main 

laboratories in Melbourne, and branch laboratories 
in Sydney, Adelaide, and Perth. 

Trihophysics, Melbourne. 
Building Research, Melbourne. 
Mathematical Statistics, Adelaide. 
M eteorological Physics. Melbourne. 
Land Research aml Regional Survey, with head­

qun.rters io Canberra, and field stations at Alice 
Springs and Katherine, Northern Territory, and fo 
tl1c Kimberley region, Western Australia. 

The following are the Sections:-
lrri~cllion Research Stafi()ns, at Merbcin. Victoria 

(Murray Irriga tion Areas) , and Griffith. New 
South Wales (Murrumbidgee I rrigation Areas). 

Radio Researc/1 Laboratories, with head-quarters in 
Camden, New Soutb Wales, ancl a laboratory in 
Sydney. 

Fodder Co11servatio11, Melbourne. 
Ore-dressing Tnvestigntio11s, Melbourne, and 

Kalgoorlie, Western Australia. 
Mineragraphic !11vcstigations, Melbourne. 
Dairy Research, Melbourne. 
Coal Research, Sydney. 
Physical Metallurgy, Melbourne. 
Wildlife Survey, with bead-quarters in Canberra a nd 

field stations at Perlh, and Albury, New South 
Wales. 

Mathematical Instruments, Sydney. 
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Wool Textile Research Laboratories, in Melbourne, 
Sydney, and Geelong, Victoria. 

Agricultural Research Liaison, Melbourne. 
E11gi11eering, Melbourne. 
l11d11strial Research Liaison, Melbourne. 

Ju addition, regional centres (co-operative research units 
stn.ffed with officers from the appropriate specialist 
Divisions to attack tbe problems of n particular region) 
have been estab]isbcd as foJiows:-

Tasmaninn Region(I[ Laboratory, Hobart 
Western Australian Regional Laborato1y, Perth. 

lI.-SOILS. 
1. G'eN'ERAL. 

As scientific knowledge aod understanding of fertility 
progresses. the hlo)ogical processes within the soil appear 
to increase in their complexity. Agricultural, pastoral, 
and si!vicultural industries all depend on the maintenance 
of soil fertility. Tbc efficient development and use of 
Australin's land resources must be based on a fundamental 
knowledge of soiJs, and their characteristics and distribu­
tion. 

The Organization's research in this field is undertaken 
by the Division of Soils with head-quarters at tbe Univer­
sity of Adelaide. Work on soils with special reference to 
their behaviour under irrigation is undertaken at the Com­
monwcaltb Resea:rch Station (Murray Irrigation Areas), 
Merbein, Victoria, and at the Irrigatfon Research Station 
(Murrumbidgee Irrigation Areas), Griffith, New South 
Wafos (see Chapter IV., Sections 2 and 3), and at the 
Regional Pastoral Laboratory, Deniliquin, New South 
Wales (see Chapter ITT., Section 17). 

Division of Soils.-Some internal re-organization of the 
Division has taken place during the year. Requirements 
for study in soil microscopy have been so demanding 
that it hns been decided to develop a new Section in this 
field of research. 

The Soil Mechanics Section bas continued to widen its 
interests, especially in foundation problems in building, 
pavement engineering, and soil stabilization. Its growth 
and contacts, especially in Melbourne, and the need for 
associated administration there have led to a decision to 
give it status as an independent Section as from 1st July, 
1958. 

Progress is being made with the new building for the 
head-quarters of the Division. Completion of tbe first 
laboratory and ancillary builcling is expected in a few 
months. 

Morphological and chemical data are being compiled 
for three representative profiles of each of the great soil 
groups which have been recognized in Australia. 

2. SorL SURVEY AND PI!ooLooY. 

(Division of Soils.) 

In the brigaiow areas in Queensland the occurrence of 
unusuol soil features such as acid subsoils below neutral 
and alkaline surface and subsurface soils bas been en­
countered on a widespread basfa. This quite unexpected 
feature is associated with sbrinkiog and swelling mont­
morilJonite clays and salinity rising with depth in the soil 
profile. The problem is being pursued along with soil 
classification and mapping studies in the area. 

Tn Tnsmaoia the origin of widespread sandy soils 
especially through tbc centre of the Stote bas been resolved 
by careful studies of the nature and distribution of the 
sands and the soils developed thereon. These are thought 
to be periglacial materials brought down by the rivers in 
Pleistocene times and redistributed by aeolian action as 
sheeis of sand over the surrounding country. These soils 
vary greatly in depth and they b1anket country of quite 
varfable relief. 
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Atlas of Australian Soils.-The results of preliminary 
~tudies were presented to a conference of regional officers 
m September, 1957, when it became clear that an atlas of 
Australian soils involving several map sheets at relatively 
small scale was the more satisfactory approach. 

Soil Classification.-A technical memorandum setting 
out an approach to the morphological classification of soils 
in factual terms was prepared for circulation within the 
Division during 1957. The response to the method was 
generally favorable so that it is now possible to extend 
this approach to develop a key for coding described soil 
profiles. The preparation of this key has proceeded almost 
to the stage where it could be circulated more generally. 

The projects concerning the atlas of Australian soils and 
soil classification have many common points of interest at 
the practical level, but, because the former is concerned 
with the distribution of soils while the latter aims to classify 
soils, research in the early stages must be made separately 
to avoid confusion between the two subjects. 

(a) Western Australia.-The emphasis during the year 
has continued to be on the study of the principles of soil 
distribution. In addition, however, the relationships thus 
established between the soils and the age and nature of the 
erosional and depositional surfaces on which they occur 
has made possible the rapid compilation of soil association 
maps covering almost 3,000 square miles. 

The field work for a pedological study of the soils of the 
Swan Coastal Plain is now complete. The soil pattern of 
the area bas been shown to be controlled by the distribu­
tion of a number of depositional systems, both aeolian and 
alluvial. This knowledge of the soil systems bas enabled 
a soil association map of the Coastal Plain from Perth to 
Busselton, a total of some 2,500 square miles, to be pro­
duced in a very short time. 

At York further progress has been made with the study 
of Tertiary and younger laterite surfaces and the soils 
associated with them. Tbe lateritic soils occur at a number 
of levels ia the landscape, including the valley floors, where 
they may be found either as surface exposures, or as 
extremely weathered acid layers buried under younger, 
fine-textured, calcareous soils. As a result of investiga­
tions of this sort 300 square miles have been surveyed at 
the soil association level. 

The work at Merredin has continued with particular 
emphasis on the nature of the depositional layers of the 
valleys of the wheat belt. With the co-operation of the 
Western Australian Department of Agriculture, several 
bores were put down to 30 feet, and revealed the presence 
of a number of layers of varying texture, structure, cal­
careousness, and permeability. Since these layers provide 
the aquifers for the watertables of the valleys, and extend 
up into the catchment areas, an understanding of them 
will be an important contribution to the problem of salt 
encroachment and rising water-tables in the valley fioors. 
In addition, some 150 square miles of country have been 
surveyed in soil associations. 

( b) South Australia.-Operations in this State have 
been much reduced by transfer of officers to other centres 
or to other projects, but a fair volume of information from 
earlier completed work is on the way to publication. The 
time between completion of field work and publication 
of results is still embarrassingly long in most cases, owing 
particularly to shortage of drawing office staff rather than 
to the earlier delays in completion of soil analyses. 

Apart from the small-scale mapping of the soils of 
South Australia, referred to above, the main mapping 
projects have been in the south-east part of the State. The 
other field work has been confined to three smaller areas. 

Io the south-east a reconnaissance survey of Counties 
Robe and MacDonnell is half complete; it will carry 
on northward from a similar survey of County Grey. 
The soil association mapping around Lakes Alexandrina 
and Albert led on to studies of the ancient advance and 
retreat of the sea and the lakes in this area, as shown by 
landscape features and soils data. 

At Elizabeth, the new township 15 miles north of 
Adelaide, the survey work in connexion with building 
problems is now completed. However, studies are still 
continuing there of the soil formations which may be 
typical of the Adelaide plains. Considerable interest is 
attached to the development of a power-driven core 
sampler, initially for use in the Elizabeth survey, which 
can take a monolith to a depth of 12 feet. 

Detailed mapping of soils at the Mount Crawford 
Forest Reserve was abandoned through shortage of staff, 
after nearly half of its pine plantation had been inspected. 
Subsequently a simplified mapping procedure was used 
to cover much of the remainder and to relate the soils 
to those previously examined in areas nearby. 

(c) South-eastern Region.-Dming the year three large 
projects depending on field work have been brought to a 
conclusion. They have demonstrated the feasibility ot 
studying soils as components of ground surfaces having 
stratigraphical relationships. These studies enable the 
phase of soil development in South-eastern Australia to be 
outlined. 

Further detailed work in lower Murrakool has been 
completed. A resurvey of the soils of the Worrinen area 
has been made. 

A sail reconnaissance of some 3,000 square miles of 
wheat growing country around Wagga bas been cvmpleted, 
Detailed soil and landscape studies show that the soils are 
developed on two layers of pama and on two hillwash 
sheets. 

In co-operation with New South Wales State bodies 
the Division participated in a detailed study of the soils 
of the Wagga Research Farm. 

Study was completed of soil layering on the river ter­
races in the intramontane basins and on the adjoining 
hillslopes around Canberra. 

Reconnaissance work of the forest soils in conjunction 
with officers of the Commonwealth Forestry and Timber 
Bureau is continuing. During the course of one of the 
forestry surveys a Colombo Plan fellow from Bu1·ma was 
trained in soil survey methods to the point which enabled 
him to complete successfully a survey of some 1,200 
acres involving associated cartographical and collation 
work. 

A study of seepage areas in the Canberra area was 
,. carried out at the request of the Bureau of Mineral 

Resources, Canberra. 
A soil survey of the C.S.I.R.0. Experimental Farm, 

Ginninderra, comprising approximately 2,200 acres, was 
completed. 

A reconnaissance survey of the Yass River Catcbmenl 
area is in progress, and preliminary results have been pre· 
seated at various meetings of the Southern Tablelands 
planning committee. 

Near Nowra on the south coast of New South Wales 
more detailed studies of hillslope soil layers, river terraces, 
and landslide materials have been made. The soil pattern 
is a complex of old and young layers and the persistence 
of the older ones depends on the history of erosion and 
deposition. 

The Badgery's Creek soil survey for infiltration experi­
ments has been completed. 

As a result of co-operation with the University of 
Sydney, a general soils reconnaissance is being made on 
part of the University Experiment Stations, "Corstor­
phine" and " Mayfarm ". These stations are in the 
vicinity of Camden. 

(d) Queensland Region.-A reconnaissance survey of 
400 square miles of land in the Brisbane-Beenleigh area 
has been completed and samples of representative pro­
files are being studied in the laboratory. Generally the 
soils are of low fertility, and intensive cropping has largely 
been limited to the friable red soils-red earths and 
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krasnozems-which have excellent physical properties but 
requfre heavy fertilization for high yields. Agricultural 
development is gradually extending to accessible areas of 
the podzolic soils that dominate the area. The produc­
tivity of important areas of partly developed sc.ils­
especially tbe gleys of the coastal plains and some podzolic 
soils-could undoubtedly be increased greatly by good 
management including heavy fertilization. 

The soils of the Tobacco Research Institute, Mareeba, 
have been defined and mapped in great detail as a basis 
for the siting and interpretaticm of field experiments. 
Most have formed from an extensive area of old alluvium, 
and differences of topography and drainage are the main 
factors determining the types. Contiguous occurrences 
of well-drained friable red earths form the most useful 
area for experimental studies. 

An extensive survey is being made of the soi.ls of the 
brigalow (Acacia harpophylla) lands of Queensland to 
give perspective to more detailed studies to follow. Earlier 
work revealed the widespread occurrence of extremely 
acid clays of low nutrient status at shallow depth. The 
relationship of these clays to overlying calcareous soil 
horizons and underlying materials is being studied by deep 
borings in the Tara district. Recent examinations have 
>hown that some alkaline sedentary soils cverlying cal­
careous rocks in the Wandoao area also have acid reaction 
in their subsoils and weather parent materials. 

A start has been made on soi.I studies in the Central 
Burnett region. Remnants of surfaces of different ages 
are apparent and may provide evidence of the pedological 
history of the area. Ia addition knowledge of the charac­
ter and distribution of the soils should prove useful in 
extending the findings of research at " Brian Pastures " 
Pasture Research Station. 

( e) Tasmanian Region.-The regional survey is being 
continued and two more sheets of the series "Reconnais­
sance Soil Map of Tasmania", at scale 1 inch to 1 mile 
have been issued this year, one of an area of 450 square 
miles and the other of 38"0 square miles, to bring the total 
covered by this series of maps to date to 2,900 square 
miles. Recently several expressions of appreciation of the 
value of tbese maps have been received from authorities 
concerned with land use. Two further units of the survey, 
each of 450 square miles, are in band and are expected 
to be completed shortly. Each of these represents a 
co-ordination and extension of earlier work, one in the 
Launceston Tertiary Basin and the other in the lower 
Derwent Valley. 

Arising from a report of a Parliamentary Select Com­
mittee, an investigation is being made of the soils of some 
20,000 acres near Marrawab on the west coast, at present 
in use as a cattle agistment area. Much of this has shallow 
stony soils on which only limited further development 
seems practicable, but the country nearer the coast has 
deeper soils on a succession of sheets of sand blown i:nland 
from the coast. The older of these sheets are stable and 
seem promising for establishment of sown pasture. 

(f) Arid Region-Alice Springs.-Soil survey work of 
a broad-scale type bas progressed in tbe Ringwood, Todd 
River, and Rodinga areas east and south of Alice Springs. 
More detailed work on areas near the town designed to 
assist horticultural activities and as a basis for a housing 
settlement have also been initiated. 

A programme of examination of soils and irrigation 
waters for horticultural purposes on mission stations and 
cattle station homesteads is continuing in conjunction with 
exploratory traverses designed to yield some overall know­
ledge of the soils of the region. 

Detailed soil moisture studies on an area of irrigated 
lucerne on the Animal Industry Branch Experiment Farm 
a few miles south of Alice Springs bave progressed to 
the stage where a clear picture of water consumption by 
this crop under such arid conditions is beginning to 
emerge. 

(g) Soil Microscopy.-Several studies of the fine sand 
mjaeralooy of soil profiles and their presumed parent 
rocks ha~e been made at the request of field pedologists. 

A study of the fine sand mineralogy of . Tasmanian 
dolerite soils was made in an attempt to determme whether 
the high proportion of fine sand in the surfac~ soils was 
derived from the do!eJites or from wind accessions. The 
high proportions of plagioclase and pyroxene and the low 
proportion of quartz indicated derivation fror:i the 
dolerites. However, the occurrence of some mmerals 
such as zircon and tourmaline indicates some slight co°' 
tamination. A loess and wind-blown sand had very high 
proportions of quartz and a more mixed mineral suite. 

A similar study of some basaltic soils showed the sut· 
face soils to contain hornblende, zircon, tourmaline, 
sphene, and considerable proportions of quartz, all ot 
which are theoretically foreign to basalts. Previous similar 
results have been attributed to accessions of wind-blown 
materials. 

The chief aim of a study of the basaltic soils from 
the Darling Downs was a comparison of the degree of 
weatheriug in. three krasnozemic profiles and one black­
eartb profile. Jn general the results agreed with the age 
sequence suggested by the field pedologist for the three 
krasnozemic profiles wbjle the black earth was much more 
weakly weathered as would be expected. However, these 
results were somewhat inconclusive, particularly because 
of the interesting observation that there was a marked 
change in proportions of the major mineral species within 
two of the krasnozemic profiles. This suggests a change 
in parent material due to either deposition or superposi­
tion of different basalt flows. 

A number of monoliths of soils of the Riverine Plain 
have been collected and are being studied in detail. Basic 
and elementary fabrics have been described and named 
for some of these materials. In addition, the structure 
of the various horizons is being studied in detail and par­
ticularly the occurrence, relationships, and nature ot 
plane surfaces wbich are common in many of the profiles. 

Attempts have been made to study weathering and soil 
genesis quantitatively on two soil profiles, an alpine humus 
soil, and a red earth. The mineralogical evidence strongly 
suggests that both profiles have been formed on stratified 
parent materials. 

3. SOIL CHEMISTRY. 

(Division of Soils.) 

(a) Head-quarters-Adelaide.-(i) Pedological Studies. 
-0n the basis of the results of the comparative study of 
terra rossa and· rendzina soils of South Australia, it was 
suggested that these soils should be considered as a con­
tinuous sequence and that they would be more appro­
priately grouped under one term, e.g., " terracal ". To 
determine the more general applicability of these con­
clusions twelve profiles from other parts of the world have 
been examined. The morphological characteristics of 
these have shown that soil scientists throughout the world 
hold markedly different conceptions of the soil types. 
Comparisons have therefore been rather difficult. 

For those profiles with a morphology similar to that 
accepted by Australian workers and taken from localities 
with a climate similar to that of South Australia, the 
" colour index " was a useful characteristic for distinguish­
ing between the soils of each group. For other profiles 
this index was not always in accord with the colour of the 
.soil. The climatic cond.itions of soil formation may 
influence the colour of the free ferric oxides and thus the 
final colour of the soil. 

(ii) Geochemistry.-Tbe geochemical study bas con­
tinued of the four main groups of soils (podzolic soils, 
black earths, brown earths, and krasnozcms) developed 
on dolerite in Tasmania. The laboratory work has been 
completed and the Tesults are now being examined, interest 
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being specially centred in the redistTibution of such 
el.ements as cobalt, zirconium, copper, molybdenum, 
nickel, manganese, phosphorus, and potassium. Know­
ledge of the distribution of these elements may explain 
factors involved i11 the formation of these soils. 
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In order to evaluate the effects of parent material on 
the trace element status of these soils a suite of dolerite 
samples was collected from the Mount Wellington sill and 
the composition of these studied in relation to soils pro· 
duced on similar materials. Jn this way it has been 
possible to assess the influence on the chemistry and 
n:iorphology of the soil profiles resulting from differentia­
tion during the cooling of the dolcritic magma. Results 
so far indicate that the stage of differentiation of the 
parent rock bas to some extent influenced the chemistry 
of lhe profile but not its morphology. Mineral fractions 
were also separated from the dolerite samples of the 
Mount We!Lington sill and compared with fractions 
separated from the clay, silt, and sand of the major 
horizons of each soil gro\.lp. 

(iii) Ion Exchange in Soils.-Tbe method for the 
measurement of ion-exchange properties has been exten­
sively tested on soils and clays. Some soils showed a 
tendency to disperse in the salt solutions employed and 
others gave net charges which depended on the treatmen.t 
which they had received. Investigations of soil and 
mineral clays showed them to be slightly unstable under 
mildly acid conditions so that the method can be used 
reliably only above pH 4 or 5 depending on the clay 
mineral present. Below these limits non-exchange 
reactions interfere. 

(iv) Atmospheric Chemistry.-Atmospberic studies and 
rainwater analysis have been extended as a contribution 
to data being collected throughout the world during the 
International Geophysical Year. Air samples have been 
collected reg\.llarly at Alice Springs (central Australia) and 
on the coast south of Adelaide. Significant differences in 
the carbon dioxide content have been noted between the 
maritime air and the inland air that has been on the 
continent for three days. Rainwater samples from Alice 
Springs have also been regularly examined, b\.lt because 
of the very low rainfall of central Australia it will be some 
years before it will be possible to evaluate seasonal 
changes. . 

The much lower than average rainfall, recorded for 
Mount Burr and Mount Crawford Forest Reserves during 
1957, bas been reflected in the composition of the samples 
taken. During the drier year the ionic ratio sodium: 
calcium showed a smaller variation between the summer 
and winter rainfall. Samples from the Commonwealth 
Research Station at Merbein have also been examined 
regularly. Reasons for the wide fluctuations noted in the 
dissolved solids of these samples are still obscure. Rain­
water analyses to mid-1957 have been summarized and 
published; current analyses are being forwarded to the 
World Meteorological Organization as an l.G.Y. project. 

(v) Spectrochemical Investigations.-Because of the 
vast areas involved a detailed survey of the trace element 
status of the soils of Australia is impracticable. Estimates 
of this status are being based on the analyses of the 
relatively small number of profiles sampled from the 
dominant soils of an area during the course of soil survey 
operations. Although the samples taken during survey 
are collected from carefully chosen sites, from the point 
of view of trace element contents each sample of any 
one soil group may be regarded as a random sample 
of that group in the surveyed area. Values found for 
the trace elements may then be used to give estimates of 
median concentration and the range containing a given 
fraction. Average change in concentration with depth is 
being studied in profiles of different taxonomic groups, 
and also the average range of concentration in one profile. 
These four measures have been used to evaluate the trace 
clement status of red-brown earths, terra rossas, and 
rendzinas from South Australia. 

Some work has been done on toe · 1.:oncemralion tech­
nique " by which trace elements are extracted from solu· 
lions and concentrated into a suitable spectrograpbic base 
of constant composition. This technique offers consider­
able promise for the determination of trace elements in 
the soil solution. 

Routine spectrographic determinations on soils and 
plant materials have been carried out as required to 
assist other sections of the Division and some outside 
organizations. 

(vi) Pot(lssium Deficiency on Frodsley Soil.- A pot 
experiment on the exhaustive cropping of five Tasmanian 
soils of varying potassium status is being continued. The 
pot technique is of particular value in an investigation of 
this sort where field surveys at F rodsley have revealed 
the great variability of soil potassium over relatively short 
distances of a few feet. Only by working on the small 
scale of a pot experiment can the agronomic significance 
of these different levels in soU potassium be properly 
~valuated. At the start of the ex:pcriment the potassium 
status of the selected soils ranged from 0.18 m.-equiv. of 
exchangeable potassium per I 00 g. of soil to 0.85 
m.-equiv. per cent., but in none of the soils did the first 
crop of perennial ryegrass exhibit any signs of potassium 
tress or respond to applications of potassium. The 

potassium in the dry matter was in excess of I per cent. 
even in the soil of lowest potassium status, and exceeded 
4-5 per cent. in the case of the soils of high potassium 
status or those to which potassium had been applied. The 
largest increases of potassium in the dry matter and the 
largest relative increases of uptake following applications 
of a potassium fertilizer were found in the soils of lowest 
potassium status. 

Subterranean clover, grown as a second crop, showed a 
clearly defined response to the residual potassium on the 
soil of lowest potassium status. The plants on this soil 
made poor growth in the absence of applied potassium, 
while the leaves showed an unduly low level of potassium 
and the characteristic necrosis of potassium deficiency. 

Early responses to potassium are already apparent in 
the third crop and the experiment is being continued to 
follow the depletion of these soils in exchangeable and 
other categories of available potassium. 

(vii) Phosphate Studies.-The field experiment at the 
Waite Institute (described in the last report) to measure 
the residual value of superphosphate has been continued. 
The crop of wheat on the control plots (the seventh crop 
sown without supcrphosphate) yielded well, although the 
percentage of phosphorus in the grain and straw was now 
at a much lower level than at the start of the experiment. 
The plots receiving superphosphate showed increases in 
yields of grain of 20 aL1d 39 per cent. respectively for 
the two levels used. T hey showed somewhat larger in­
creases for the amounts of phosphorus taken up by the 
crops in excess of that taken up from the control plots. 
A pot experiment has now been started to measure the 
value of the superphosphate residues in these soils, under 
controlled conditions, in terms of freshly applied super­
phosphate and to compare the values so obtained with 
field results and laboratory extractions of the soils. 

Pot experiments have been continued on the place­
ment of phosphate in, ancl its uptake from, Seddon 
gravelly sandy loam. Very heavy applications of water 
soluble phosphate were found necessary for this soil 
before the test plants showed medium-high levels of phos­
phate. The highest levels occurred when the applied 
phosphate was concentrated in a small volume of soil. 
The uptake of phosphate was at a lower level in the year 
following its application, but yield responses were good. 

The effect of soluble silicates on the efficiency of utiliza. 
lion of superphosphatc has been investigated in pot experi­
ments and in the laboratory, by using the phosphate de­
ficient Seddon soil. Best resulls were obtained when 
silicate and phosphate were applied simultaneously. Ia 



pots the uptake o( phosphorus was increased by l 0-20 
per cent. but the eficct did nol last for more U1an ooe 
se.nson. Application oC silicate to a soil twelve mootbs 
attc1' phosphate Lrnatmeot brought about very little or no 
release of availabk phosphate. Laboratory studies sup­
port~? I.he results of the pot eicperiments, but additions 
of silicate would probably have no economic significance. 

(viii) Nutrition o/ Pines on Lateritic Soils.-To elucidate 
tbc factors controlliug Lhe growth of Pi111ts radiata on 
some poor latcritic soils in ·western Australia and South 
Australia the Division, with tbc co-oper<Hion of the Soutb 
Australian Department of Woods and Forests, is making 
a detailed study oI the physical, chemical, and micro­
biol.:>gical characteristics of the soils of tbe Second ValJey 
(South A ustralia) Forest Reserve. The early chemical 
work is being directcu to a stuuy of tbe phosphorus and 
n ilrogen requirements of these soils. When tbese are 
more clearly define<.! it will be possible to explore other 
soil factors limiting Lhc growth and nutrition of pines. A 
pot experiment has been Jajd down to study phosphorus 
anu nitrogen relarioosbips and to give special attention 
to the fom1 of phosphate and its placement in lbe soil. 
The absorption of pno1.phatc by, aod its di!Iusion through, 
the soil is also being- stuuied w1dcr laboratory conditions. 
By means of chemical and spectrocbcmical analysis the 
Qormal variation in the minei;al composition of specially 
selected ooe-y1mr-old pine oeedlos bas been determined. 
·me competition for nutrients between recently established 
pine plantings and the surrounding native scrub regrowth 
is also being explored. 

(ix) llliscel/aneous.-Sever:tl commercially available 
typ ... s o{ interference filters suitable for use in flame 
p h Ol\)Ol\1-l t)' have been examined with particular refer­
e nce lo the isolation o( Lhe sodium D line. 

~ulphur determinations have been carried out in soils 
and rainwater. For virgin soils so far examined carbon: 
sulphur and nitrogen : sulphur mtios show a considerable 
range of vuriution. 

Soil s .. mples from the United States of America have 
beco examined to provide chemical data for the close1 
comparison of these soils with their Australian counter­
p<Lrts. Some soils from Vietnam were also examined 
and these were characterized by an extremely low nutrient 
status. Routine descriptive analyses for the Pedology 
Section have been conLinued as usual nncl speciaJ deter­
minations !Jave been carried out for the Clay Mineralogy 
Section. 

(b) Queensland Region - Brisbane. - R~perimental 

work on physico-chcmical properties of podzol bu.mus 
has now been completed. Results of flocculation tests, 
under conditions of controlled pH, suggesl that aluminium 
predominates over iron in Lbe precipitation of humus in 
podzol B horizons. 

A prcliminary survey of the chemical fertility of some 
representative surface soils in soulh-easc Queensland (ex­
cluding coastal areas) bas been undertaken. The results 
sbow tbat potassium deficiency is unlikely Oll al l soil 
types so far examined, the mean fo r aU solls approximat­
ing 0.8 m.-cquiv. potassium/ l 00 g. Total phosphorus 
pentoxide contents range from 521 p.p.m. (mean for 
brigalow soils) to 3,813 p.p.m. (mean for k.rasnozem); 
black earlbs (1,561 p.p.m.) and Jat'Critic red earths (2,431 
p.p.m.) were intermediate. " Available" phosphorus pent­
ox.ide (modified Truog method) showed no marked de­
ficiency levels and generally exceeded 100 p.p.m. for most 
great soil groups except red earths which contained 20 
p.p.rn. Water-soluble 5ulphatc showed adequate levels in 
ull soils, ranging from 9 to 18 p.p.m. sulphur. 

Investigations on the jsolatioo of organic matter from 
so ils have been continued. It bas been found that cation­
exchange resins can be useful in dispersing organic matter. 
Some pre1im.ioary m~asurements .have also been 1:1ade on 
the spectral transmission of organic matter suspensions and 
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the changes effected by additions of metals. Attention 
is. also bei~g giv~n to the problem of removing the lnorga-
01c material wbtcb remains nssociated with the organic 
matter even after its dispersion. 

A chemical study has been commenced of some samples 
of acid subsoil clays from the brigalow soils of south-east 
Que~nsl~~d. These clays, which are largely of n mont­
m.onJ1001t1c type, characteristically exhibit a high degree 
of s-aturn1ioo by metal ions although the soil pH is often 
less than 5. Even after removal of the bulk of 1ho 
naturally occurring salts, the clays seem to be unusually 
stable under acid conditions. 

(c) South-east Region-Canberra.-Rouline analyses 
required for the field studies of the south coast of New 
South Wales, Waggn, a nd Mw-rakool surveys have been 
continued and arc nearing completion in seve.ral cases. 

Preparations of the synthetic crystalline iron and alumi­
nium phosphates have been completed and further deter-
1nlnations of froD-bound phosphate carried out using the 
modified dilhionite meU1od. This concludes investigations 
carried out by a Research Fellow in this iield. 

Total an:llyses of soils, mainly in the Wagga su rvey, have 
just commenced to ascertain if there is any chemical pri;i­
perty difference between the different layered soils, or of 
their parent material origin. lt is also planned to examine 
the chemical difierences io tbe mottles of clay in each 
fayer, whenever it occurs. lo the main, hand-picked 
samples from unground m aterial will be analysed, althoogb 
in some cases monoliths will be used. 

(d) Tasmanian R.egion- Hobal't,-The investigations at 
Frodsley are now complete. The Frodsley saody loam 
is now a well-documented soil which will serve as a 
reference for other work oo potassium deficient soils. 
Though Frodsley sandy loam has ce1tain re.serves of total 
potassium, these are largely unavailable to pasture plants 
Cor two reasons-the clay B horizon is beyond the main 
rootins zone of shallow rooted plants, while in the root 
zone there is little clay, and the reserves of potassium are 
largely in very slowly weathering primary minerals of the 
sand fractions. 

fnvestig::nions of cobalt deficient soils have commenced 
but have so far been concerned with the applic<Hion of 
suitable chemical methods. Cobalt deficiency in sheep and 
ca.Ille is known to be associated with several groups of 
soils in Tasmania and of these the krasoozems of the 
nortll-wcst coastal areas have been selected for the initial 
studies. 

(e) Western Australian Region-Perth.--Cb.emical 
examination has been made of soil profiles from the major 
soil types at Merredin, Quairadiog, aod Busselton. Addi­
tional profiles from Manypeaks and the Swan Coastal 
Plain have been examined in connexion with tbe reports io 
preparation for these areas. 

Survey has c0n1inued of the composition of rainwaters 
sampled at monthly intcrvnls. An additional site is to be 
set 11p at Quairading, and weekly sampling is being intro· 
duced at Dwelliogup to provide additional information. 

The calcium and magnesium contents of carbonate 
materjals in some soils have beell determined. There 
appears to be some co.rrelation of the ratio of Ca/ Mg in 
these materials with drainage status of the soils and the 
source of calcium and magnesium. 

The solubiliziog oction CJf aqueous extracts of jarrah and 
marri leaves on iron oxides bas been studied . Although 
the results cannot yet be considered in a quantitative way, 
some solu Lion occurred under sterile, partially aerobic 
conditions. 

P reliminary work on the identification and separation 
of coml?ounds in the polyphenolic concentrate fro m (be 
leaves bas been commenced. Jn view of the complexity 
of the c:ttracts some preliminary separation seems 
necessary before preparalion of two-dim.ensiooal 
chromatograms. 

.. 
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4. SOIL PHYSICS. 

(Division of Soils.) 

(a) Head-quarters- Adelaide.-(i) Effect of Soil Water 
Content on Resistance to Shear and Compression.-The 
ring shear machine developed to measure the effect of 
mechanical forces on soil aggregation bas been modified 
by substituting a ceramic null-point tensiometer for the 
inside wall of the annular cylinder. This allows the soil 
water suction to be measured as the soil is compressed 
and sheared with only negligible changes of water between 
the soil and the tensiometer. 

It bas been found that as a bed of aggregates is strained 
the suction increases considerably. This increase in pore­
water suction increases the effective normal load and gives 
an apparent increase in shear strength. The resulting 
shear strength of the unsaturated soil can be calculated 
from the shear strength characteristics of the saturated soil 
and the porosity. 

The shear strength behaviour of agricultural soil differs 
from that predicted by recent soiJ mechanics work in that 
surface soils are not uniformly overconsolidated. Elucida­
tion of this problem will considerably simplify future inves­
tigation of soil strength both in agriculture and civil 
engineering. 

(ii) Role of the Cultivated Layer i11 Controlling Water 
Movement.-Following reports of Russian work on the 
effect of the state of the cultivated layer on soil water loss, 
laboratory trials have shown big effects of clod size on the 
evaporative Joss of soil water. Soils made up of clods 
2.5, 25, and 50 mm. in diameter and uLJcultivatcd soils have 
been exposed in a wind tunnel to different wind speeds and 
with radiant beating. As an example of the effects 
observed: under normal heating, giving rise to soil surface 
temperatures of 30° C. at a wind speed of 5.5 m.p.h., 
water losses for 24 hr. were J, 7, 7.5, and 6.3 mm. for 
the four treatments in the order given above. 

For the no-beat case and with impermeable spheres in 
the place of soil, the effect extends to at least 4-in. depth 
and is probably due to differences in air pressures set up 
at the soil surface. In the case of heating without wind 
the effect can be explained by air convection both within 
and above the soil surface. 

The observed phenomena can explain the fallacy of 
deep ploughing to conserve soil water, and the loss of 
water from deep clays through self-generating cracks, and 
should throw more light on the problem of soil water 
conservation by means of soil mulches. 

(iii) The Control of Soil Fertility by Tillage.- Arising 
from the concepts of inaccessible sites (Annual Report 
1956-57) where organic matter and plant nutrients might 
be protected from microbial activities, several experiments 
a re in progress to study problems associated with the 
control of soil fertility by tillage. 

Pot experiments have been set up in which the effect of 
clay content, i.e. different ratio of inaccessible sites to 
total volume, on the breakdown of incorporated organic 
matter is being investigated. T his work will be extended 
when new infra-red gas analysis equipment is installed. 

In another experiment the mobility and the storage of 
orgar:ic compounds in the soil is being followed with the 
a i<l of radioactive tracers. This project is aimed at defining 
the best sort of soil structure for supplying stored nutrients 
to crop plants, and for storing organic matter when tbt! 
soil is being reconditioned under pasture. 

(iv) Tlze Neutron Sca11ering Method of Measuring Soil 
Water Coll(ent.-Suitable field portable apparatus has been 
developed and the emphasis of this project has shifted to 
a re-examination of the calibration aodl treatment of the 
observatio r. s . The effect of absorption of slow neutrons 
by tbe soil solids has been investigated. fo first work, it 
was assumed that the macroscopic absorption cross sections 
of the solid components of soils were the same. But 
improvement in calibration accuracy can be obtained by 
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recogmzmg that, when making measurements on a new 
soil type, the calibration should be verified with several 
direct determinations of water content. 

Aspects of measurement of water content at the soil 
~urface are receiving attention. " Semi-infinite medium" 
geometry presents great difficulty in calibration. Placing 
a reflector tank of water over the source of neutrons when 
it is located at tile soil surface has been tried, and these 
resu Its arc being considered at present. 

(v) Measurement of tlze Water Content of Brown Coal. 
-During 1957, an attempt was made to monitor the water 
content of the crushed and sieved coal during the 
briquetting process at the Yallourn Briquette Works, 
Victoria. A continuous measurement of the initial water 
content is desired in order to provide information about 
the drying needed before the coal is moulded into 
briquettes, whose quality depends strongly on the water 
content at moulding. Tbe neutron moisture meter was 
taken to Yallourn and an experiment performed at the 
invitation of the State Electricity Commission, Victoria. 
Results were encouraging, but the required accuracy was 
frustrated by changing bulk density of coal as it passed 
through the chute into which the neutron probe had been 
inserted. Further work is now being undertaken in 
cooperation with the Isotopes Section of the Australian 
Atomic Energy Commission Research Establishment to 
measure bulk der.sity and water content simuJtaneously, 
each technique using a radioactive source. 

(vi) Evaporation from tlze Land Surface and the 
Ground-water Hydrology of a Portion of the Upper 
South-cast, Sowh Australia.-Tbe investigation of the 
origin of the ground-water, and the evaporation from the 
vegetation in portion of County Cardwell has continued. 
This is a cooperative project between the South Australian 
Department of Mines and C.S.T.R.O. The present stage 
of the investigation has almost concluded. The results 
are briefly that: 

Evaporn1io11 from either the naturnl heath vegetation or an 
established Jucernc and phala ris pasture is the same for a total 
period cf :i yea r, though sensonally there are differences in the 
rates of evaporation. 

All the water stored in the soil during the excess of winter 
rainfall is used up in evaporation and none accedes to the ground· 
water, which is at an average depth of 30 feet, in years of normal 
rain[alL 

The ground-water flows clircclly towards the Coorong and the 
sea al the western boundary of the cxpcrimcnlnl area. 

(vii) Land Drai11age.-The saturated permeability of 
the soil of the irrigated swamp (Jervois) near Tailem Bend 
has been measured. This is a preliminary investigation to 
obtain data to l~e med in assessing the advantages of better 
drainage of the soils of the Murray swamps. This project 
is b::ing undertaken jointly with the South Australian 
Department of Agriculture. 

(viii) The Movement of Water a11d Air through Soil 
Pores.-The rate at which water can move through soil 
depends llpO:i how much of it is made up of pore space 
and how large the pores are. An equation developed on 
this basis enables permeability of porous materials to be 
calculated when the sizes of the pores are known. The 
equation has been tested satisfactorily on flow of water 
and air through sands and porous rocks, and its application 
to soils is under study. Tts use for unsatnrated soils is of 
particular interest, sir.ce permeability measurements are 
difficult to make in such cases. As a consequence of this 
work on permeability, information bas also been gained on 
tile effect of pore space on gaseous diffusion in soils. 

(ix) Use of Gypsum in Irrigation Water.-The nse of 
gypsum dissolved in irrigation water has been found to 
help the physical condition of difficult clay soils at 
Deniliquin, New South Wales. Preliminary investigation 
of the effect on the soils was encouraging, and this was 
followed by experiments with plants at the C.S.l.R.O. 
Regional Pastoral Laboratory. These have shown that 
establishment of pastures is much improved by this 
treatment. 
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~x) Porces t>e1wce11 Clay Crystals.-From measurements 
of \be macroscopic swelling in salt solutions of oriented 
flakes of pure clays the general variation wilh distance of 
the forces between clay crystnls may be deduced, since 
i.wcl\i- g depends on a balance between attraction and 
•cpulsion forces. The forces between the basal and edge 
surfaces a[ the clay crystals may be distinguisbed by adding 
var'Lous organic subst::mccs sucb as quaternary ammonium 
salts to !he clay and also by varying d1e pH of the sale 
solutions wil.b the use of dilute bu!Ters. 

(xi) Sealing of Soil i11 Earth Dnms.-Tbe possibili1r of 
using smaJJ quontilics of a dispersin~ ngent such as sodium 
tripolyphosphnte to prevent water loss fr~m e~rth dams 
is being invcstig:llcd so that dams may be sited in the best 
hydrologic position frrcspe~Live of s?il ~cxture. La~oratory 
-experiments are oncourog1ng und tnd1cate -tbat soils con­
tnioing as li1tlc as 5 pllr cent. clay form adequate seals 
if 0.1 per c:enl. of II uispcrsing ::igent is added. 

(xii) Permeability of Soils IQ Wnter.-An extension to 
the Jaborntorv method o( measuriog unsaturated soil water 
pexmeabilitic~ has been under dcvelopmer.t. This consisls 
of a uevice for determining the distribution of water 
content in the soil columns by use o( a beam of gamma 
rays. and supplements the suction measurements in the 
soil columns. It is proposed Lo use this technique also for 
studying evapor::itioo loss from soil surfaces, and the 
influence or temperature 0 :1 water movement 

(xiii) Misce/la11eo11s.-Detcrminalions of water content­
suction relations, and of soiJ aggregate density, have been 
carried out continuously throughout the year on a routine 
basis. Recordings of lhc performance of a solar water 
heater, over a period of two years, for the Engineering 
Section have been completl!d. ·Measurements have con­
Li:.ued on moi~ture movements under houses, and projects 
h:we b N ll r:o:nnwnccd rclntiny to moisture gains and losses 
in soils in agricultural anti forestry problems. 

( b) Q11ee11sla11d Region-Brisbane.-(i) Structure 
A Iteration in Cultivated Soi/s.-Adverse climatic condi-
1 ions have s:ivercly affected the conduct of this experiment 
on rhe D:irling Do'vns on Mywybilla clay aad crop fai lures 
have occurrcu iu Lhe Lwo croppi ng years lo date. This bas 
been principully due to lack of water at flowering , and, 
since the rainfall during the fallow periods has been low. 
the significnnce of deep cullivatfon in increasing soil 
s torage has not yet been conclusively tested. The increased 
evaporation rrom the soil associated with deep working 
suggests. however. that in this area of rather unreliable 
rainfall il migbt be hazardous lo cullivate deeply unless 
substantial benefits from this culture can be demonstrated. 
Germination or wheat on tbe trial area was excellent for 
the I 951 plttntiog, despite the poor reputation of this soil 
in this respect, and no significant differences were found for 
three deptJ1s of cultivation and two superimposed r<:>llmg 
treaLments. This resulL was rather surprising in view of 
expectations when the experiment was commencecfi and 
must be :11tributcd to special climatic conditions which 
favoured gcm1ination . The experimen t is being continued 
in J 958 when it is hoped chat favourable conditions may 
nllow more ue!inite conclusions to be obtained. 

tii) Wa1e1• Co111e111 Changes in Natural Soi/s.-Obser­
vations h:wc been continued on the joint project with the 
Ecolorry Section, Division of Plant Industry. on forest 
comm~nitics in the Lismore DisLrict, New South Wa1es. 
This project will be tcrminaLed in early summer 1958. 
Physical environment has not been found to be very 
different for some of the plant communities, which sug­
gests tbat chcmicnl ui~erences ar.e .primarily responsi~Jc 
for the noristic separation. Chcrn1cal analysts of the soils 
has been curried out to check upon lhfa apparent difference 
in fertility. Large permeability changes accompanying 
disturbance and removal o: r~in-f?r~t have ~cen 
;,ttribuled principaJJy to alterallon in bronc .factors, srncc 
soil measurements do nol reveal large or c.ons1stent changes 

to explain them. 

As part of tbc instrumentation of this project, a study 
has been made or the characteristics and performance of 
LivingsLon atmometcrs as ccologicnl instrnments for in­
tegra1fog various c limatic (actors upon evaporation. In 
particular, tho use of these ins1rumenls to give an estimate 
of solar radiation bas been examined. ResuJts obtained 
dilier from U1osc .reported overseas and the reason for 
these diITcronces has been determined. 

(c) Sourli-aastem Regio11-Canbcrra.-Researcb acti­
vities have been Jimited by shortage of staff, but routine 
parLicle sizo :inalyses anti other physical determinations 
have been carried out during the past year. These were 
tbe usunl particle size analyses of .field samples and some 
detailed analyses of s:md fractions by a.n cod withdrawal 
tube. 

Normal dispersion methods as used in the Division did 
not satisfaclorily disperse soils described as highly sub­
plnslic. Microscope exnminntion showed large numbers of 
clay ai;:gregnlcs (up to 50 per cent.) remaining in the fine 
santl fraction. Better, but not complete, dispersion re­
sulted afLer treatment witb dithiooite (Na~S:!O,i) for lhe 
removal of free iron oxides. 

5. SOIL MtCROBtOLOGY. 

(Division of Soils.) 

Resea rch hns been undertaken along four general lines 
in order to study lhc role oC microorganisms in soil pro­
cesses which influence the growing plant as soil fertility 
or which influence che genesis of specific soil types. Studies 
hnve been underrnken to characterize Lhe mlcroflora of tbe 
rhizosphcrc of the plant, with particular emphasis upon 
thuL of tomato, subtcrranenn clover, Wimrnera ryegrass, 
nnd Phalaris t11bcrosa. Substances excreted by roots 
which :iJicct 1he growtll of bacteria have been studied, and 
lhc principaJ groups of organisms associated with roots 
subjected LO scruriny. The symbiosis of root-nodule 
bacteria of lhc genus R.lii::.obi111n with 1egames bas been 
stutLicd with pnrticular reference to the characterization 
of the Rli. legu111i110,1·r1r11111, and to U1e 'inOuence of calcium 
on th~ cstJ.blishment of lhc symbiosis as a factor tn pasture 
establishment in infertile soils. Studies have been made 
upon the role of microorganisms in releasing phosphorus 
from insoluble phosphalcs. Attempts have beeo made to 
ascertain the mechanism of release and to study it by 
um1logous ch.!mical renctions; an assessment has been 
mndc of the incidence of phosphate-solubilizing micro­
organisms in the rhizosphcre microt101c1. Studies on soil 
organic matter h:ivc been continued by L.be fractionation 
of humus and comparison of the products with melanins 
polymerized from microbial cnd-producrs and by microbial 
enzymes as models. l n this way biochemical processes 
carried out by microorganisms in formation of organic 
matter in soiL'i can be defined. 

(a) Rhizosplu:re S111dies. (i) Root Exudares.-The 
study of the effects of environment on exudation has been 
conrinue<l.. Light intensity bad a marked effect on the 
exuua1ion of amino acids from subterranean clover roots, 
wiU1 greater amounts of aspartic aci9, serine, glotamic 
aci<l, and {:J-n lanine cxuued at tbe higher light inteJJsities. 
With tomnto root exudate, tJie amounts of most amino 
::icids were less ut the lower light intensilies, although serine 
and glycine were exceptions in that their amounts in­
creased under reduced light intensity. Exudation by 
tomato irnd clover roots was greatly increased when plants 
were grown ut higher temperatures; with clover roots 
the predominunt constltu7nt of the. exudate at the highe; 
temperatures wns nspnraginc. Calcium nutritioo and aera­
tion Jiau little effect ?n the exudation from the roots during 
the .first 4 weeks ot growth of Plw/aris tuberosa, subter­
rnnc:in clover, and tomato. The presence of micro­
organi~ms o~ and arou~d tomnlo .roots altered tbe spectrum 
of :1m100 acids found m the nutrient solution, thus indicat­
ing the importance of ma intaining sterility in root exudate 
studies. 

.. 

.. 
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(ii) Root Surface Bacteria of Subterranean Clover and 
Wimmera Ryegrass.-Over 300 bacterial isolates from the 
su rfaccs of subterranean clover and Wimmera rye grass 
roots were obtained by the random selection of colonies 
growing on dilution plates prepared from roots washed 
free of soil. AU isolates were examined for their morpho­
logical, staining, physiological, and biochemical charac­
teristics and identified as genera. In cases where the iden­
tification of some of the genera, e.g. Pseudomonas and 
A chromobacter, depended on the success of the flagella 
11train, precise naming of the genus was not possible. How­
-.:ver, it was found that over half of the organisms were 
.t11rthrobacter spp., were mainly G ram-negative, and 
:mowed pleomorphic, branched, rod, and coccoid forms. 
l be remaining main genera were Micromonospora, 
rVocardla, Mycop/ana, Mycobacterium, Acliromobacter, 
i~"Javobacteri1t111, Bacillus, Serratia, Sarcirza, and possibly 
• ~.reudo111011as. Although 151 isolates were taken frcm 
•;;!over roots only one was identified as Rhiwbium. 

(iii) Effect of Pasture Sward on Composition of 
R/iizosp/Jere Microflora.-In conjuncticro with the Agro­
nomy Department, Waite Agricultural Research Institute, 
a study has been made of the numbers of bacteria in the 
rhizospheres of subterranean clover and Wimmera ryegrass 
growing together. Treatments of four levels of nitrogen 
were used to obtain swards with different degrees of clover 
and grass dominance. In spite of the high variability 
between replicate groups of plants, it was found that 
during the first eight weeks of growth the greatest numbers 
of microorganisms occurred at the high nitrogen level for 
both grass and clover. 

(b) Rbizobium Studies.-Particular atlention bas been 
paJd to the pea-vetch cre&s-inoculation group associated 
with grain legumes. About I 00 strains isolated from 
Vicia ( 13 spp.), Lathyrus (9 spp.), Lens, Pis111n, and 
Cicer have been studied in pot experiments in the green­
house for their elfecliveness in association with hosts of 
this group. The range bas now been extended to eight 
species, viz. Vicia faba var. minor, V. atropurpurea, V. 
sativa, Lathyrus ochrus, L. cicera, L. sativus, Pi.rum 
mtivum, and Lens esculenta. Tile patterns of effectiveness 
shown vary widely and range from strains capable of 
nodulating all test hosts to strains with restricted 
specificity. 

The bacteriology of the group has also been studied with 
the view to correlating host-plant relationship with bio­
chemical activities and cytological behaviour. Again, the 
variations between strains have been diverse and have 
failed to yield readily determinable criteria capable of cor­
relation with plant reactions. Of particular inter~st has 
been gum production, the amount and type of which can 
be correlated with carbohydrate nitrogen balance on the 
one hand and tendency to produce acidic products of 
metabolism on the other. In this way it is possible to 
account for the varying degrees of gum production, and 
thus colony characteristics, found in this species. 

Difficulties in the establishment of subterranean clover 
and luceroe in deep sands of mild to strong acidity in the 
south-east of South Australia have been largely overcome 
by applications of lime with superpbosphate and trace 
elements. Greenhouse experiments have been undertaken 
to study the mode of action of lime in a Mount Compass 
sand (pH 5.2-5.S). The major effect is upon the calcium 
nutritioo of the host, and cannot be replaced by ameliorat­
ing pH with magnesium. Under a high lime regime, modu­
lation is successful whether arti ficially inoculated or 
derived from natural sources (probably mostly seed-borne), 
but without applications of lime nodulation is scanty or 
absent and the plant suffers from acute nitrogen deficiency. 

(c) Sol11biliwtio11 of Pl~~spli.ates by M_icroorga11i~ms.­
( i) Mechanisms of So/11b1/tzat10n.-Prev1ous experunents 
had shown that the blackening of ferric phosphate par­
ticles was carried out by organisms producing hydrogen 
sulphide. This suggested that hydrogen sulphide reduced 
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ferric phosphate to black ferrous sulphide with lbe release 
of phosphate. This reaction was studied chemically, cal­
cium, aluminium, and ferric phosphates being used. 

(ii) Incidence of So/11bilizi11g Orgauisms.-An cstima· 
tion was made of the number of phosphate solubilizing 
organisms present in the rhizosphere of four plants (sub· 
terrancan clover, Wimmcra ryegrass, wheat, and perennial 
rye) and in non-rhizosphere soil. About 30-40 per cent. 
of the isolates from the rhizosphere showed solubilization 
of apatite on initial subculturing, bul only 10-17 per cent. 
of the soil isolates showed similar activity. Many of these 
organisms lost their capacity to so!ubilize apatite after 
continued subcul lllring, and the property could not be 
restored. The amount of solubilizalion varied consider­
ably, but was not proportional to the drop in pH. The 
organisms were represented by many of the genera 
commonly found in soils . 

An examination oi the number of solubilizers at the root 
surface of subterranean clover and Wimmera ryegras~ 

showed the presence of 44 and 30 per cent. respectively. 

(d) Soil Humus Studies.-The condensation of amino 
acids with quinoids formed from oxidation of phenolic 
substances by phcnolases from plant and microbial source~ 
bas been studied to provide a series of substances which 
are comparable with soil humus fractions. Chromato­
grams anc.J acid hydrolysates of these products show that, 
whilst they arc not identical with the melanins derived 
from humus, they serve as useful models to understand the 
sort of units that the complex humic polymers contain. 
The amino acids in acid hydrolysates of soil organic 
mailer must apparently be condensed in that form rather 
than in the form of proteins, since humus materials give 
no positive tests for proteins, although synthesized poly­
mers such as ligno-proteins, tanned proteins, and protein 
complexes synthesized as " browning reaction" products 
do so. 

6. CLAY MINERALOGY. 

(Division of Soils.) 

(a) Stmcturc of the M icas.-The refinement of the 
muscovite structure is nearly completed. Tbree-dimen· 
sional bounded Fourier projections have been used, both 
10 increase the accuracy and resolution of the projections. 
By projecting slabs which arc only half the thickness ot 
the unit cell it is possible to resolve atoms practically 
completely from each other. 

The parnmetcrs determined for the potassium, alumi­
nium, and silicon atoms appears to be very near their 
final values. and these are found to represent consJderable 
departures from the ideal structure. The oxygen atoms 
are not yet so definitely fixed, though a marked distortion 
of their network is clearly revealed. 

From the results it seems possible to explain variow~ 
features of the muscovite s tructures. 

(b) Phosphate Mincrals.-Using techniques which had 
been developed earlier for the concentration and identifi­
cation o( the soil phosphate minerals, gorceixitc aod fioren­
cite, further slu<.lies were made on the distribution and 
nature of these phosphates. The minerals had been identi­
Jied in many soils developed on basalt (see previous annual 
reports). During the last year the minerals bave been 
identified in a vuricty of soils from Australia and several 
from Barbados and the United States of America. It is 
·significant that some of these soils, terra rossas and rend­
~inas, were high in calcium carbonate. The wide range 
of occurrence indicates that these minerals are very stable 
in soils and arc not rarities as their complex chemistry 
might suggest. Detailed analyses of several soil profiles 
showed that gorccixitc and florcncite were not present as a 
solid solution, but that in those profiles where the phos­
phate was high in barium and rare earths both gorceixite 
and Oorencitc were present. Oorceixite, the barium 
member, appears to be the more resistant of the two, as, 
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relative to florcncitc, it Lends to be more concentrated in 
th~ upper layers of the soil and its average particle size is 
a ltttle greater than that of florencite. 

le) The Na111re of Free lro11 Oxides in Soils.-T he 
crystalline iron oxides, haematite, goethite, &c., can be 
identified by X-ray diffraction methods and have long been 
recognized as common minerals of soils. More recently, 
differential thermal analyses has been used to identify 
amorphous iron hydroxides in soils, the identification being 
based on an exothermic reaction at about 320° C. This 
reaction occurs in many Australian soils, but a detailed 
study has shown that the exotherm is not due to amor­
phous iron oxide but due to organic matter which is not 
destroyed by lhe normal treatments used to remove organic 
matter from the soils. The exotherm a t 320° C. thus 
cannot be used by itself as a criterion for the presence of 
amorphous iron oxide, and many of the reported occur­
rences in this form of iron oxide may be in error. Amor­
phous iron oxide is probably very rare in soils. 

(d) Computer to A id Structure Factor Calculations.­
A simple mechanical device bad been previously designed 
which allowed values of cos (lzx+ky+lz) or 
sin (hx+ky+h) to be read directly from tables of cos hx. 
These functions are often calculated in studying triclinic 
crystals. 

This devise has now been redesigned to permit the direct 
tabulation of cos (11x+ky) cos lz or the equivalent. The 
device is simple and rapid-300 values of cos (11x+ky) 
cos lz were tabulated in 23 min. in one test run. The new 
design will prove useful in studies of monoclinic crystals. 

(e) Firing Characteristics of Certairi Weathered Schists. 
-The Onkaparinga Brickworks, South Australia, had 
experienced difliculties in that certain clays crumbled on 
firing whilst adjacent clays were quite satisfactory. In 
tbe course of a mineralogical examination of these clays, 
iL was found that partially weathered biotite was a con­
stituent of those clays which crumbled. By contrast an}' 
biotilc present in the satisfactory clays was found to be 
either highly weathered, or unweathcred. A search of 
the literature showou that only partially weathered biotite 
~houkl ex(oliatc markedly on heating, and the exfoliation 
was confirmed in the laboratory. 

(f) Miscellaneous.-The techniques of mineral analyses, 
by X-ray diffraction, and elemental analyses, by X-ray 
~pectroscopy, have been developed to a high degree in 
1uis laboratory. Much service work is undertaken for 
other sccUons of the D ivision, aod because these tech­
uiqucs arc not generally available, where warranted, help 
is given to other organizations. 

Clay mineral analyses have been made on soils from the 
:.outh coast of New South Wales, the Merredin area of 
Western Australian, Darling D owns, Queensland, and 
various parts of Tasmania. Mineral analyses were made 
on a number of samples for the Chemistry and Physics 
Sections in conjunction with their research projects on 
phosphate fixation, geochemistry, and swelling. 

The Queensland Department of Stock and Agriculture 
and several departments of the Adelaide University are 
amongst those for whom X-ray diffraction studies were 
undertaken. 

Developmental work was carried out on the fluorescent 
X-ray spcctograph to make the theoretical and practical 
aspects oC Lhc techniques more reliable. The spectro· 
graph is in almost continuous use both as a research tool 
in the Section and a& an iostn1ment for routine analyses. 
T he wide use of the instrument can be gauged from the 
variety of analyses performed with it during the year. 
Some of these are as follows : zinc in soils in connexion 
with fertility studies in Western Australia and Queens­
land and geochemical studies in Tasmania; zinc in clover 
leaves. for Waite Institute, and in Rhodes grass from 
Queensland for the D ivision of Plant Industry; iron in 
potato leaves for Waite Institute; strontium in clays, as a 
method of exchange capacity determination, for the 

Division of Industrial Chemistry; strontium in natural 
salts and carbonates, and cadmium in zinc sulphides for 
the Geology D epartment, and tungsten in biological 
materials for the Physics Department of the University 
of Adelaide; barium in plants for the Department of Agri­
culture, New Zealand. Other samples were analysed for 
vanadium, gallium, zirconium, titanium, copper, chrom­
ium, manganese, lanthanum, cerium, praseodymium, and 
neodymium. Because of U1e nature of the material or 
in some cases because of the limited amount available, 
many of the above analyses would have been very difficult 
by conventional methods. 

7. SOIL MECHANICS. 

(Division of Soils) 

(a) Ge11era/.- Tberc has been a steady increase in the 
~011 Mechanics Section 's contact with engineering prob­
lems ant.I in the engin~ering community's awareness ot 
the potentialities of soil mechanics research, to such an 
extent thul some expansion of lhe scope of the Section has 
become desirable. 

The work of the Si.:ction is now directed to two principal 
lielus of civil engineering research: 

(i) Soil mechanics in relation to building research­
in which field the Section accepts respon­
sibilities compatible wilh the prO!,'Tamme of 
the Division of Building Research. 

(ii) Soil mechanics in relation to road research-in 
which field the Section operates in collabora­
tion with State Road Authorities on specific 
projects, and also accepts responsibilities for 
civil and military road research projects of 
a comprehensive nature. 

The principal proj~cts affecting building research are­
Shallow founda .ions for domestic-type structures; 

deep foundations for major structures. 
The prio.:ipal items related to Road R esearch are­

Walcr movements in pavement subgrades; soil 
stabilization. 

(b) Fou11datio11 Studies.- The principle of regional 
~tud1es ot loundation characteristics bas been followed 
m curn:nl investigations. 

Typical foundation problems for domestic buildings on 
clay soits in a wintcr-rainlall, summer-drought climate arc 
bcmg studieu in a comprehensive programm e at the satel­
lite town of Elizabeth, ~oulh Australia, and in a spasmodic 
investigation of the townships of the Wimmera region of 
Victoria. Tbe complementary problem of shallow foun­
dations on clay soils in a summer rainfall zone bas been 
examined in the towns of central Queensland. 

ln regional studies of shallow foundation problems, the 
distribullon of tbe soils is first defined by pedological 
studies. On each soil so defined a measure is then made 
of the physical properties affecting foundation design. 
~t has been wi.dely accepted in practice that a soil type, 
m the pedolog1cal sense, possesses reproducible engineer­
ing properties. T his hypothesis is still subject to review 
and is receiving particular attention in the regional stud; 
of Elizabeth when~, a tot.al area exceeding 10 sq. miles 
has been mapped 1n detail. The relevant soil mechanics 
i11vestigations (including studies of seasonal moisture, 
volume change, shear strength, and consolidation charac­
teristics) are proceeding. 

D eep foundation studies have been confined to the 
South Melbourne basin which is an area of soft estuarine 
muds overlying a weathered siltstone and to the Elizabeth 
area which is underlain by a firm to stiff clay. 

Investigations for the foundations of the new Kinn 
S.trcct Bridge have provided an Opportunity for an exten~ 
sive study of the South Melbourne deposits. Tbe upper 
layer, .to depths of about 90 feet, comprises soft, sensitive 
estuarine muds (of late Qua.ternary age-approximately 
10,000 years). These deposits overlie a Silurian shale 
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which is extensively wer.!hered, presumably as a late Ter­
tiary land surface. Bores to depths exceeding 200 feel 
have demonstrated the continuous presence of compara­
tively soft silty clay layers (with shear strength of the 
order of 2 tons/ sq. f t.) in steeply clipping strata. By con­
trast, the adjacent unweathered rock has shear strengths 
exceeding 50 tons/sq. ft. The complexities of these strata 
create many foundation problems in connexion with the 
current K ing-street Bridge project, and, as a result, an 
elaborate series of bores is planned to produce u ndis­
turbed samples for inspection and testing. 

Foundation studies in the substrata at Elizabeth, South 
Australia, have been restricted to attempts to define the 
pattern of variability of the morphologically uniform clay 
over a lateral extent of several square miles and through­
out a depth range of 50 feet. Results to date from tri­
a:xial compression studies from tbJ:ee bores indicate sub­
stantially constant strength parameters for all depths at 
each site. 

(c) Sub-grade Moisture Studies.- The importance of a 
quantitative understanding of moisture movements in 
pavement sub-grades has been recognized for some years, 
but little or no action of a sufficiently comprehensive 
nature bas been taken to elucidate the problem. In an 
attempt to compile a rational experimental account of 
sub-grade moisture conditions throughout Australia, the 
Section bas undertaken the planning, coordination, and 
interpretation of an investigational programme sponsored 
by the State Road Authorities. When complete this pro­
gramme will include each State and will embrace the 
dominant soils and climatic conditions of the continent. 
To date, preliminary installations have been made at only 
three sites. Attempts are being made to coordinate the 
Australian programme with similar work overseas. As a 
first step in this direction, a comparison has been made of 
South African and Australian data, techniques, and 
external controls. Although this comparison was facili­
tated by an exchange of principal workers from each 
country. no general conclusions could be reached owing 
to the paucity of parallel evidence. Further programmes 
in each country are being planned to eliminate this 
difficulty. 

(d) Soil Stabilization.- A programme of investigation 
into the applicability of techniques of soil stabilization to 
the soils and soil conditions of the Australian mainlanrl 
and nearby areas of interest bas been undertaken on the 
basis of a research contract. The working hvpothesis 
accepted in the formulation of this programme has been 
that the characteristics of any natural soil determinin<:! 
il~ response to any stahilization procedures are reflected 
in the pedological classification of the soil. Preliminar:v 
work undertaken so far has been Umited to the examina­
tion of this hypothesis in relation to available overseas 
evidence. and to the ·selection of a range of soils to 
represent the major pattern of Australian conditions. 

UT. PLANTS. 

1. GENERAL. 

Research on plants is essential to Australia's agricul­
tural and pastoral industries. Investigation of plant prob­
lems is concentrated at the Organization's Division of Plant 
Industry which bas its headquarters in Canberra and is the 
Organization's oldest Division. The work of the Division, 
which has experimental farms and field stations through­
out the Commonwealth, is described in this Chapter. 

The research of the Division is complementary to the 
activities of the State D epartments of Agriculture, whose 
particular function it is to serve the more immediate local 
needs of the agricultural industries. 

Because of the importance of pastures in the Australian 
<:!conomy and also because of the many problems of 
establishment, utilization, and maintenance of improved 

pastures throughout the diverse climatic regions of Aus­
tralia, the Division has for many years been primarily 
concerned with these matters. Research in ecology, plant 
breeding, and plant nutrition has been pursued with the 
main aim of improving pastures. However, work is also 
directed to other crops of economic importance such as 
tobacco and wheat: Complementary to these activities, 
strong research teams have been established in genetics, 
microbiology, and biochemistry. 

Allied work on mineral nutrition of plants carried out 
by the Division of Biochemistry and G eneral Nutrition is 
described in Section 8 of lhis Chapter. 

Work on special local problems of irrigation districts is 
undertaken by the Irrigation Research Stations at Merbein 
and Griffith, New South Wales (see Chapter IV.). 

The Division of Entomology is carrying out work on 
weed control, insect pests of pastlues and crops, and insect 
vectors of virus diseases (see Chapter IX.). 

The D ivision of Soils is studying the microorganisms 
in soil as they influence the growing plant (see Chapter II., 
Section 5). 

The Division of L and Research and Regional Survey 
is carrying out broad-scale ecological surveys in the under­
developed arid and semi-arid regions of the continent to 
assess their land use potential and investigate problems of 
agricultural and pastoral development. The work of these 
regional surveys is reported in Chapter XI., Section 2, and 
the Division's investigations on crops, fertilizers, plant 
diseases, tillage, and native and introduced pastures under 
dry-land cultivation at the Katherine Research Station, 
and under irrigation at the Kimberley R esearch Station, 
are reported in Chapter XI., Section 3, et seq. 

1n Chapter XXVIJ., Section 5 is recorded the work of 
the Division of Meteorological Physics on meteorological 

, aspects of agricultural problems. 
The work of the F odder Conservation Section is reported 

in Section 21 of this Chapter. 
In Chapter XVI., Section 12, is recorded the work being 

undertaken by the Wool Textile Research Laboratories 
on the digestibility of pasture plants . 

In Chapter XVII., Section 7 (c), is reported the work ot 
the Division of Industrial Chemistry on alkaloids in Aus­
tralian plants; in Section 7 (d)" the work of this Division 
on stock poisons in plants injurious to animals; and in 
Section 7 (e) the Division's basic research on the nature 
of chemical compounds exuded during growth by the roots 
of plants. 

Division of Plant Industry.- Following the completion 
of the laboratories at Mareeba, the l'fobacco Research 
Institute was officially opened by the Queensland Mi.nister 
for Agriculture on 10th October, 1957. Staffing of the 
Institute has been completed and an active research pro­
gramme has commenced. D uring the year the D irector, 
Dr. D . W. Goodall, left on a six months' overseas visit to 
research centres and major tobacco-growing areas. 

A new programme of research has been commenced 
at the Regional Pastoral Laboratory at Deniliquin, New 
South Wales. The L aboratory and its associated Falkiner 
Memorial Field Station is to be a centre for research on 
problems associated with the growing of pastures and 
crops under irrigation on the principal soil types of the 
surrounding irrigation districts. 

It is proposed also to base the Division's main research 
on semi-arid native grasslands at Deniliquin and to use 
this as a centre for studies of the establishment and main­
tenance of sown pasture species under dry-land condi­
tions. Mr. L. F. Myers has been appointed Officer-in­
Charge, and an active programme of work is already in 
progress. 

The Chief of the Division, Dr. 0. H . Frankel, who is at 
present vis iting overseas research organizations, has been 
invited to contribute to the International Genetics Congress 
and the annual meeting of the American Society of 
Agronomy. 
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A new 1aboratory building to accom1nodate the Genetics 
and Microbiology Sections and the Herbarium bas been 
completed a t Canberra. New builJlngs are in the course 
o( construction at. Brisbane to house the Plnnt an<l Soils 
Laboratory, which has since its establishment been located 
in buil<lings of the University of Queensland. 

The new experiment station at GLquinderra, Australian 
Cap ital Territory, is ready for occupation, although it is 
not expected that cxisling experiments at the old station 
a t D ickson will be completed for some years. The new 
station. will provide a range of soils un<l environments 
typical of much of the Southern Tablelands of New South 
Wales and will greatly enhance the scope and variety of 
the Division's research in a number of fields . Io par­
ticular, the Division will have an opportunity of extend­
ing its research on the utilization and management of 
pastures and will be able to include experiments involving 
c<i ttle as well as sheep. 

2. PLANT l NTROOUCTtON. 

(Division of Plant Industry.) 
(a) lnternaiional £xchange.-Iutematiooal co-operation 

in this field continued to increase. Material received 
included a collection or grasses from the United States of 
America; varieties of peas, vetches, cereals, and pasture 
plants from Germany aod Czechoslovakia; soybeans and 
peanuts from Indonesia; and a large collection of indi­
genous regional strains of lucerne from the Union of Soviet 
Socialist Republics. · 

(b) Agronomic Trials.-(i) South-eastern Australia.­
Three selected strains of Russian comfrey tested at Can­
berra showed a marked difference in productivity but 
withstood summer drought conditions. All strains re­
covered rapiJly after cutting at 30-day intervals. These 
strains have n.ow been released for further testing through· 
out Australia. 

Drought conditions in most of' eastern Australia imposed 
considerable stress on pasture plants being tested in mar­
ginal environments. Aberystwyth strains of perennial rye­
grass aGd English strains of other grasses, which had pre­
viously shown promise, suffered heavy mortality at 
Canberra and Armidale. Introductions of Bto11111s incrmis 
and ta'll fescue showed drought resistance and were rela­
tively productive under the adverse conditions. 

Introduced lines of. Phnlaris tuberosa from Turkey, 
Morocco, and Algeria continued to show greater per­
sistence than the Austtalia.n commercial variety under 
marginal conditions at Condobolin and Wagga and in 
north-western New South Wales. The Australian variety 
continued to be outstanding on the Tablelands. Compari­
sons are in progress between the climatic and other 
environmental factors of the places of origin and areas in 
Australia. 

In preliminary trials the sterile hybrid phalaris, Ron­
phagrass, from South Africa, the " Superior " strain of 
Phalaris arundinacea from Oregon, and Phalaris coerules­
rcns from Portugal appear suitable for some Australian 
conditions. 

In comparison studies between Phalaris tuberosa and 
Clther grasses at Canberra perennial l'yegrass, prairie grass, 
and similar species do not equal Phalaris in productivity 
over a period of years. This is due primarily to the 
inability of these species to compensate by reseeding under 
conditions of erratic rainfall for plant mortality and 
decreased individua l plant productivity. 

(ii) Western Australia.-In the third year of a com­
parative sward trial of strains of Phalaris tuberosa, at 
Kelmscolt, introduced st.ruins from the Mediterranean 
reoion ccintinued to show better productivity and per­
sis~ence than the commercial type. Similar trials with 
Phalaris coerulescens were commenced. 

Introduced stra ins of cocksfoot, mainly of Mediterranean 
origin, snowed marked differences in yield and persistence 

following the first year's cutting treatment Two French 
strains showed exceptional seedling vigour, good per­
sistence, and productivity. 

Tweoly-four species and strains of Trifoli111n are being 
tested under conditions in whjch subterraneaa. clover does 
not thrive. Seed size appears to be an important factor 
in the early growth. Subsequent development shows inter­
and intraspecific variation. 

An introduced common vetch from Algeria bas shown 
early maturity and good yield at all trial centres. An 
early maturing strain of the woolly-pod vetch (Vicia 
dasycarpa) from Turkey under trial at Kojonup has also 
shown promise. 

Regional trials jn marginal wheat-belt areas have been 
continued and extended during the year. Some relatively 
late flowering annual clovers have shown a capacity to 
mature seed satisfactorily even though in these regions the 
interval between flowering and maturity is short. Collec­
tions of pasture plants have been supplied for trials at 
Esperance, and for trials under irrigation at Wiluna. 

(iii) Queensland.- A large number of in.traduced 
grasses were tested under drought conditions in grazing 
trials at Samford and Lawes. Urochloa species, Rhodes 
grass, and species of Panicum showed drought resistance. 
Many Paspalum species did not survive. 

Pasture legume grazing trials covering a wide range 
of species, soil types, and climatic conditions have been 
established at Lawes, Samford, and Beerwah. 

Introductions c;f soybean have been tested in field 
trials in south-east Queensland. Those originating in 
lower latitudes have been generally superior to those from 
higher latitudes. The best yields have not exceeded 
I ,000 lb. per acre. Further selective and breeding work 
must precede the develc9ment of varieties suitable for 
commercial use. 

Field experiments are in progress to assess Phaseolus 
mungo and P. aure11s as possible pulse crops for Aus­
tralian tropical areas. 

(c) Plant Geography.-A study of the world distribu­
tiaa of grasses is being undertaken, to assist in defining 

i the most suitable regions for obtaining plant introductions 
\for Australia. Studies of the grass tribes Andropogoneae 
and Paniceae have been completed. Grass flora of over­

: seas regions have been compared with those of the major 
pastoral districts of Queensland and New South Wales. 

3. GENETICS. 

(Division of Plant Industry.) 

(a) Subterranean Clover.-(i) Subspeciation.-Further 
crosses have been made between strains incompatible with 
the Tallarook group. A number of these P1 's proved to 
be inviable; others are being grown for further study. 

(ii) Natural Selection.-In all natural ,environments 
unfavorable seasonal conditions resulted in poor germina­
tion and seed setting. Jn irrigated plots at Deniliquin there 
were fewer weeds in mixed-hybrids plots than in plots 
with mixed pure lines. 

(jii) Flower lnitiation.-A study of apical rneristems 
has indicated that a process with a pCGitive temperature 
coefficient may limit flower initiation. This process is 
additional to tbe vernalization and night inhibition pro­
cesses previously known. 

(iv) Seed Dormmzcy.-Selection experiments indicate 
that the embryo itself, as distinct from the testa plays a 
part in determining differences in dormancy. ' 

(v) The Effect of Temperature and Strain on Growth 
Rnte.- Laboratory studies on five strains at various tem­
peratures sb?we.d that . temperature,. strain, and tempera­
ture x strum mteract1ons were significant for growth 
indices. 

-
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Strain differences in relative growth rate were deter­
mined largely by production per unit leaf area rather than 
by differences in the ratio cif leaf area to plant weight. 
Temperature affected growth through both these 
components. 

(vi) Selection for Sll'ard Productivity.-Replicatecl 
swards from 10 F 3 lines have been sown at Deniliquin, 
Kojonup, and Canberra. Results from Kojonup indicate 
that at least one line m ay be of commercial value. 

(vii) Resistance to Stunt Virus (In collaboration with 
the Division of Entomology) .- From 321 strains tested for 
resistance to stunt virus, five have been selected which 
showed possible resistance. One of these, Tallarook, 
showed high resistance, and inheritance studies are in 
progress. 

(b) Lucerne.- ( i) Winter Yield.---Studies nre complete 
of inheritance and selection for winter growth in strains 
and their FL's. Further selections are being made follow­
ing back cro:;sing and top crossing. Incorporation is 
being attempted of high winter yield .in creeping rooted 
lines. 

(ii) Combining Ability bi Medicago sativa and M. 
falcata .-Significant specific combining abil ity effects for 
forage yield were found among F 1 's. High correlation 
CO::!fficients between forage and seed yields, and the 
"within line" genotypic correlations indicate the possi­
bility of improving both forage and seed yields simulta­
neously and of utiJizing heterosis for pasture lucerne 
breeding. 

( iii) C.?ld Hardiness in M. sativ::t.-The inheritance, 
and general and specific combining ability, of cold hardl­
ness has been determined in M. satfra by using an elec­
trical conductivity method. 

(iv) Luceme Strain Trials.-Trials were conducted at 
Canberra, Armidale, and Deniliquin. At Deniliquin, H niry 
Peruvian. Indian, and African gave outstanding winter 
yields, the winter growth rate being approximately 60 per 
cent. that of summer growth rnte compared with 44 per 
cent. for Hunter River. 

(c) Phalaris Species.-(i) lnterspecific Hybridization. 
-To obtain data on the use of synthetic al1oploids ia 
plant breeding, a series of hybrid combinations between 
different strains of P. tuberosa and P. amndinaceae and of 
P. 111/Jerosa and P. mi11or have been made. The hybrids 
obtained are uniformJy sterile and exhibit a range of 
flowering times. These will be tested nl Canberra and 
other sites. 

(ii) Top Crossing between P. tuberosa Li11es.-Selected 
P. tubemsa lines are being topcrossed to tester plants O·f 
Australian commercial Phalaris and one introduction 
(C.P.I. 15022). Self-incompatible tester plants which 
have been isolated are being used in this programme. 

(iii) Polycross In P. tuberosa.-Genotype-environment 
studies showed large genetic differences between plants of 
Australian commercial Phalaris. Forty-nine plants selected 
on the basis of winter production were polycrossed after 
clonal propagation. Progeny will be used to estimate 
general-combining ability. 

(cl) Radiation. Genetics. - (i) Root-knoL Nematode 
R esistance in Tomatoes.- First generatioo plants were 
screened for resistance to root-knot nematode (Meloido ­
gyne spp.). Thirty-seven resist:rnt mutnnts were selected 
from 6200 plants following ultraviolet irradiation of pollen, 
and one from 11,500 plants following X-irradiation of 
pollen. . . 

Induced resistance appears due to a smgle dominant 
gene, with a resistance pattern si!11ila r to th~ Mi gene 
from L. peruvianum. More extensive tests are an progress 
to confirm these findings and to determine whether there 
are different genes for resistance. 

(ii) Host-rhizobiurn Interactions i11 Legumes.~econd 
generation seed of a nombcr of legumes for screenmg for 
a ltered hos l-rhizobium interactions has been produced. 

(iii) Beneficial Mutations in Subterranean Clover.­
Screening is being carried out of second generation plants 
of Tall.arook subterranean clover for early flowering and 
other potentially desirable mutations. 

(e) Cytology and Cytogenetics.-(i) Danthonia spp.­
Cytotaxonomic studies on Australian Danthonia species 
and a series of F 1 hybrids indicate that the species are 
widely divergent. Speciation appears to have occurred 
by genie changes at the diploid level and by allopolyploidy 
following interspecific hybridization. 

(ii) Chromosome Races of Themeda australis.-Collec­
tions from new areas have confirmed the pattern of chro­
mosome races of 2n = 20, 30, 40, 50, and 60 with geo­
graphical differentiation of the various races. 

(iii) Genome Analysis in Phalaris.-The new hybrid 
P. brachystachys (2n = 12) X P. minor (2n = 28) 
forms rare bivalents at first metaphase. These may be 
due to autCGyndesis or to allosyndesis involving either of 
the two genomes known to be present in P. minor. The 
univalents display neocentric activity and these may be the 
same chromosomes that show this activity in other P. 
min?r hybrids. 

(iv) Autotetrap/oid Maize.-Comparison of recom­
bination fractions in autotetraploids and diploids, and the 
frequency of double reduction in tetraploids, indicated that 
recombination is more frequent in the centric regions of 
chromosomes in autotetraploids than in diploids. 

(v) Hordeum bulbosum.-Tbe production of awnless 
lines of H. bulbos111n by hybridization with diploid and 
tetraploid awnless H. vulgare and by inducing awnless 
mutants was attempted. 

Hybridization followed by embryo culture produced 
embryos which germinated, but all died shortly after 
germination. 

(!) Mathem{ltical and Developmental Genetics.-(i) 
Arabidopsis thaliana.-A thiamin-requiring mutant results 
from a genetic block operating in the pathway leading to 
the formation of 4-methyl-5,8-(hydroxyethyl)-thiazole. 
The mutant has an unusual temperature sensitivity, in that 
it loses its requirement for thiamin as the temperature is 
increased. 

It is possible in some cases to alleviate high temperature 
lesions by the application of media supplements to tem­
perature sensitive strains. Studies of genetic homeostasis 
were made in 46 races, and in the parents and progeny 
of eight races with different temperature response curves. 

(ii) Recombination ill the Tomato.-Ccrtain chemicals 
and graft stocks significantly decreased recombination. 
No treatment applied increased recombination. The 
dmount of natural variatioo and the effect of age and 
position of flowers on recombination are being studied. 

(iii) Quantitative Inheritance and Theol'etical Plant 
Breeding.-Studies have been made on genotypic environ­
ment interactions in diallel crosses of tomatoes grown at 
different levels of nutrition. 

As part of an overall study of general and specific 
combining ability, and the use of these in plant breeding, 
theoretical problems related to the identification of 
methods yielding unbiased estimates of population para­
meters have been studied. 

(iv) Trisomic I nheritance (In co-operation with Univer­
sity of California, Davis).- A CClmparison is being made 
of recombination values obtained from trisomic and 
disomic individuals. 

(g) Pas/lire Plant Breeding.-To define breeding objec­
tives a range of eco1ypes of seven species suitable for 
wheat belt pastures (Dacty/is glomerata, Ehrlwrta calcy­
cina. Hordeum bulbosum, Loli11111 11111/tiftorum, L. perenne, 
Plialaris coerulescens, and P. tuberosa) were grown as 
spaced plants in localities with 18, 21, and 25-in. annual 
rainfall. Assessments were made of productivity, flower­
ing time, summer dormancy, and persistence. 
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(a) Szrncwrc1l Botany.--Stuclies continued of the early 
ontogeoetic development and histogonesis of monocoty­
ledonous flowers. E xamination is complete of Jzmcus spp. 
and Luz.11la campestris of the family Juncaceae. The 
general pattern of floral bistogcncsis in these species is 
comparable witb that previously described for species 
belonging to the families Gramioeae and Cyperaceae. 

(b) Taxonomy and Systematic Bora11y.-A comprehen­
sive index to Australian generic names has been completed 
under the title "A Dictionary of Australian Plant Names". 
The preparation cA' the Australinn genera of Leguminosae 
for the international Index Noroina Oenericorum bas also 
been made. An account of the native and introduced 
grasses of the Australian Capital Territory and a check­
list of New England plants have been completed. These 
will provide useful ban d-books for botanists working in 
tbe respective districts. 

A revision of He1ich;ys11111 subgenus Ozolltammls bas 
been completed and a new species of lx.'Jdia described. 
A revision of the Australian species of Psoralea, and 
studies of the genera Themeda, Nicotiana, nnd F!ypoxis 
are being undertaken. 

Seeds of Duboisia and other plants were collected in 
northern New South Wales aod south-eastern Queensland. 
Collections of seed of grasses and other native plants, 
including indigenous species elf tobacco, are being mnde in 
the Kimberley region and olber parts of north-western 
Australia. 

5. MICROBIOLOGY. 

(Division of Plant Industry.) 

(a) Phytopatfrology.-(i) Swdies 011 the Phytoalexi11 
Themy of Disease Reaction.-It bas been confirmed that 
temperature treatments of pods of Phaseolus v11lgaris prior 
to inoculution with either Sclerotinia fructicoltL or Bouy tis 
cinerea alters their clinical response to infection. Tbe 
mechanism of tbis process is being investigated. Other 
host-parasite combinations are being used to study the 
biological activity in I.he host-parasite interaction chosen 
for this phase of the phytoalexfo project. The purifica­
tion and identification of I.he active component is being 
undertaken. 

Crude phytoalexin diffusates from either bean or pea 
S. f ructicola interactions ca n cause some inhibition of 
tobacco mosaic virus infection. 

(ii) Brown .Rot Studies.--Studies have continued on 
latent spore contamination of pea.ch fruits. During the 
fruiting season in Canberra, the population of S . fructicolcl 
builds up graduaUy from a few early foci of infection pro­
vided conditions are favorable. Conidia of this pathogen 
are able to withstand extremes of temperature and humidity 
for long periods and remain viable. Correlation exists 
between wounding of che epidermnJ tissues of frujrs and 
the subsequent develop01en1 of brown rot. 

(iii) Swdies on Sporulation of Peronospora tabacina.­
See Tobacco Investigations, Section 14 of this Chapter. 

( iv) The Physiology of Symptom Development in 
Plants.--SLudies on the physiology of symptom develop­
ment in vims diseased plants are being continued. 

(v) Potato Leaf Roll Virus.-Viruses which are trans­
mitted from one susceptible host to another only by insects 
have in general defied isolation. fn a study designed to 
purify potato leaf roll virus, extracts were prepared from 
irtfected Physalis fioridaua plants. Virus activity was 
demonstrated in these extracts by injection ioto aphids, 
and then allowing the aphids to feed on uninfected indi­
c:i tor plants. The virus activity may be lost from these 
extracts after approxiJuately 2 hr. at 2° C., and the amount 
or virus-protein present is probably very small. 

(b) Rhizobium lnvestigfltfons. - (i) Physiological 
Sl11dies of Bacteroids.--Suspensions of bacteria isolated 
from soybean nodules of various ages \Vere used to estab­
lish patterns of chan ge witl1 time in respiration, nucleic 
acid content, and cell dry-weighr. 

(ii) The Fine Stntclllre of Nodules and Bacteroids.­
Blectron microscope studies of thin sections of soybean 
nodules have shown fine filaments and granules in I.he 
nuclei of tbc bacteroids. These were enclosed in groups 
in the host cytoplasm by membranes which are thought 
Lo develop from the membrane which surrounds the 
original infection threads. 

(iii) Genetic Analysis of Symbiotic Variation in T ri­
folium ambiguum.-Sclection has been made for various 
nodulating characteristics. T he nature of the inheritance 
is being analysed. 

( iv) Seasotwl Changes in Nitrogen Fixation.-Tbc 
effect of season on ni trogen fixa tion was studied under 
controlled glass-house conditions. Summer-grown nodu­
latcd plants produced greater yields but fixed less nitrogen 
than plants grown in the autumn. Uonodulated plants 
supplied with combined nitrogen produced the same yields 
in summer and autumn but took up Jess nitrogen in the 
summer months. 

(v) Field Populatio11.1· of Rhizobium. - Population 
level$ of R h. trifolii in soils from natural pastures in the 
Armidale area, New South Wales, are determined by the 
clover species present. Populations were influenced by 
environmental factors only inasmuch as these influenced 
host plant populations. 

(vi) Stock Culture Co/lectio11.-E!Iectiveness groupings 
of the genera Lotus and Anth)'llis have been made. 
Strains effective on L cornic11/atus were effective on 
L. reruis and L. arvensis, but were ineffective on L. 
11/giniosus. L. australis together with L . coccineus fall 
within u third group and L. 111aroccan11s in a fourth. 

An anthocyaoin-ricb strain of barrel medic b as been used 
in the rapid evaluation of rhe symbiotic effectiveness of 
Rlt. 111elilori, differences between plants nodulated by 
effective and ineffective strains being significant sixteen 
days after inoculation. 

(vii) lnoc11latio11 of Seed and Clover Establishment.­
Nodulation failure in certain areas of lhe New England 
region of New South Wales has previous ly been shown to 
be due to inoculation failure. Methods of giving tbe 
applied inoculum of nodule bacteria which is placed on 
the seed a greater advantage than it has using conven­
tional methods arc being investigated. A method b as 
been devised for peUeting clover seed with a mixture or 
bentonite and organic material capable of supJ?Orting con­
siderable multiplication of the inoeuJum during germina­
tion of the seed . In row trials in the New England region 
using pellets of this type, the percentage of plants nodu­
lated was considerably improved. 

Studies by tbe Plant Nutrition Section on the nodulation 
of legumes nre reported io Section 7 (b) of this Chapter. 

6. GENERAL CHEMISTRY. 

(Division of Plant Industry.) 

(a) Soil Fertility .-Thc effects have been studied o( 
aerobic and anaerobic incubation, in the presence and 
absence of glucose, on the availability of relatively unavail­
able phosphates added to soi l. Strengite (FcP0 .1.2H:.!0) 
and native soil phosphate becitme more available following 
anaerobic incubation. This cJfect was sometimes increased 
when glucose was incubated with the soil. Rock phos­
phate and variscite (AlP04 .2H:?O) were less available 
following anaerobic incubation, but these reductions in 
availability were prevente~ when ?lucose had been present. 

Those results are at vannnc:.: with the generally accepted 
view that decomposing organic matter greatly increases 
the _ava ilnbili~ of i:ron a n? aluminium pl~ospbates by pi:o­
ducing organic acids which complex with the fro11 nml 
aluminium to yield a release of phosphute. 

• 
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( b) Sulphur Availability .-This investigation bas been 
extended to a study of the carbon, nitrogen, sulphur, and 
phosphorus in a range of soils chosen to cover a wide 
~aricty of parent materiaJs, climate, and topography, and 
mcluded both cultivated nnd uncultivated soils. In the 
s~ils examined, a close :relat ionship existed between carbon, 
mtrogen, and non-sulphate sulphur. Alkaline soils con­
tained a slightly higher relative proportion of non-sulphate 
sulphur than did acid soils. Water soluble sulphate made 
up only a small proportion of the total sulphur in the 
majority of the soils examined. 

In most soils, most of the sulphur appeared to be 
present in organic forms. Organic phosphorus, although 
correlated with carbon and nitrogen, showed wider varia­
tion than sulphur. The mean relative proportions of 
carbon: nitrogen: non-sulphate sulphur: organic phos­
phorus (C: N: S: P) were 150: IO: 1.26: 0.66. 

(c) Pltosplzorus Availabi/ity.-The separation and iden­
tification of organic phosphorus compounds have con­
tinued from Australian soils. Initial investigations were 
confined to an examination of inositol phosphates with the 
use of paper and column chromatography and paper elec­
trophoresis. The inositol phosphates, which may make up 
as much as 40 per cent. of the organic phosphoms in 
some overseas soils, are present only in small amounts in 
most of the soils examined to date. 

(d) Spectrochemica/ lnvestigations.-An examination 
commenced of the applications of atomic absorption 
spectroscopic analysis to agricultural samples. 

Tbis method has several advantages over either flame 
or arc methods of emission analysis. The technique bas 
been found to be well suited for the determination of zinc 
and magnesium in plant material. 

For both, analysis is possible down to a concentration 
of 0.5 p.p.m. in solution, and they are detectable down to 
0.1 p.p.m. 

7. PLANT NUTRITION. 

( Division of Plant Industry.) 

(a) Soil Fertility.-Experiments continued to measure 
the effect of clover on the fertility of the soil and residual 
effects of phosphorus, sulphur, boron, and molybdenum. 
The first of a series of wheat crops has been harvested to 
measure changes in the soil fertility. Calcium nut:rition 
of plants is being studied on some acid soils to determine 
whether calcium is deficient for the growth of legumes 
established without lime, or with lime pelleted seed, on 
these soils. 

(b) Nodulation of Legumes.-Experiments in which 
calcium and hydrogen ions were varied independently 
showed that hydrogen ions have a dominant effect on 
the growth of Rlzizobiurn. Calcium ions had no effect at 
any pH and were required at most in tl:ace amounts. 

There was a compound interaction between calcium 
and hydrogen ions in their effect on the nodulation of the 
clover plants. There are critical levels of calcium and 
pH below which each is essential for nodulation. A bove 
these critical values almost maximum nodulation can be 
obtained by an increase in either calcium supply or pH. 
Under these conditions, each is replaceable by the other. _ 

The growth of clover plants, when provided with com­
bined nitrogen, was retarded only by extremely low cal­
cium concentrations or excess hydrogen ions. The calcium 
requirement for nodulation of subterranean clover is 
higher tban fot growth of the host plant or for growth of 
Rhizobium. Chemical analysis of the plants showed that 
hydrogen ions depressed calcium uptake by the plants, 
which suggested that within the range of concentrations 
where increasing hydrogen and calcium are replaceable, 
the effects of calcium and hydrogen ions on nodulation are 
thr'ough their influence on the level of calcium in plants. 

There appears to be a wide range of conditions with 
respect to calcium and hydrogen ion concentrations within 
which nodulation of subterranean clover is inhibited to a 

varying degree, but throughout which the growth of the 
plant is not affected, provided nitrogen is not deficient. 

Also under conditions of extreme acidity or low cal­
cium supply, clover would not grow well even if the plants 
were induced to form nodules. 

Studies by the Microbiology Section on Rllizobium are 
reported in Section 5 (b) of this Chapter. 

(c) Role of E/eme11ts in Plants.-The effect is being 
studied of nutrition on the changes that occur in the 
pbysiologicol and morphological characters of plants during 
development, together with the mechanism of nitrate 
reduction in pregerminal and young post-germinal 
embryos. 

Sulphur metabolism experiments using short intervals of 
uptake of :i~s sulphate have indicated the earliest detect­
able product of 35S sulphate reduction. Methods are being 
developed for the isolation of the compound for 
identification. 

8. MINERAL NUTRlTION OF PLANTS. 

(Division of Biochemistry and General Nutrition.) 

Experiments have continued on the correctiou of minor­
element deficiencies as they occur in the field. Study of 
the relationships between the concentrations of zinc in the 
plant as a whole and in its parts as development proceeds 
in environments where zinc is limiting has been completed. 

The occurrence has been demonstrated of recognizable 
morphological changes in the developing leaves which 
supervene on zinc deficiency, and that do not become 
apparent in tbe intact plant until the affected leaves bave 

. expanded and begin to emerge. The findings explain 
the difficulties tbat have been experienced when attempts 
have been made to relate tbe concentration of zinc in the 
plant and its parts to the status of the plant as a whole, 
and will permit earlier recognition of zinc deficiency. 

The amounts of zinc in the various parts of the plants 
have been estimated by direct microchemic<il procedures, 
and distribution at various sta"gcs has been determined by 
radioautographs of the organs of plants that bad been 
provided with ar.zn. These observations have shown con­
clusively the redistribution of zinc in the various organs 
during development. 

Uptake of cobalt by subterranean clover from culture 
solutions containing ooco bas also been studied. This 
plant readily absorbs cobalt ions from solution, which 
indicates that the failure of cobalt top-dressings to remain 
effective for more than a few months is due to fixation of 
cobalt within the soils. 

9. P LANT PHYSIOLOGY. 

(Division of Plant Industry.) 

(a) Embryo Growth of Nutritioll.-In comparative 
studies of the growth and nitrogen assimilation of young 
excised embryos of Anagal/is arvensis (Primulaceae) and 
of three cruciferous species, growth response lo nitrate was 
slight or absent io all species. Response to nitrate was 
striking in the cruciferous species, though not in Anagallis. 
This responded well to ammonium salts and to urea, but 
in the cruciferous species the response was poor. All 
species responded vigorously to L-aJanine, L-glutamic 
acid, and L-glutamine. 

A nitrate reductase can readily be induced to high 
levels of activity both in immature and germinating wheat 
embryos. However, the enzyme cannot be functioning in 
the intact immatu re embryo. 

( b) Seed Germina1io11.-Investigations into the stimu­
lation of the germination of seed of Anagal/is arvensis by 
red light ( 6800 A) and its inhibition by near infra-red 
(7200 A) bave been continued. Mixtures of red and 
infra-red, or a lternate exposures to submaximal red and 
infra-red, resulted in an amount of germination which 
depended on the proportions of these. Temperature level 
and temperature a lternations affect the abi lity of the seed 
to be stimuJated by red light. 
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Evidence has been obtained that gibberellic acid can 

reinforce and substitute completely red light in its action 
on germination. 

Two germination inhibitors extracted from Echium 
p/anatagineum have been distinguished by their behaviour 
011 carbon columns and on paper chromatograms, and by 
their effect on germination of seed of a number of species. 

(c) Seedling Gro1v1h.-Volume changes are being 
studied in successive leaf primordia and other structures 
at the shoot apex of wheat seedlings. These changes have 
now been linked with the weight changes already known 
for the first four leaves, the stems, and the roots. The 
change from dependence on seed reserves to dependence j 
on the environment for raw materials is critical. 

(d) Nodulation in Legwnes.-Studies of the physic· 
logical mechanisms of root infection and nodule growth 
showed that clover roots exude tryptophan; that an auxin 
is produced when clover roots are cultured in the presence 
of nodule bacteria, but not in their absence; that this auxin 
has the same Rp value as indoleacetic acid (IAA) when 
chromatographed on paper in three-solvent systems; and 
that tryptophan hastens nodulation in lucerne roots. 

(e) Mechanism of Growth Regulator Action. (i) Role 
of Auxin in the Symptoms of a Physiological Disease.­
Changes occurring during the development of the symp­
toms of the physiological disease of tobacco, " frenching '', 
offered an opportunity for an assessment of the significance 
of extracted growth regulators in this condition. 

In plant growth regulators from shoot tips of normal and 
frenched tobacco plants, the principal auxin, which had 
the same RF value as IAA, was present in normal plants 
at four times the concentration present in trenched plants. 
From the known growth properties of IAA it was con­
cluded that a deficiency of JAA could produce all of the 
' · frenching " symptoms. 

(ii) A New Class of A 11tiauxi11-Cyclopropa11e Deriva­
tives.- There are five requirements of chemical structure 
for auxin activity. Substances lacking one requirement 
only have been found to competitively inhibit auxin action, 
and thus arc antiauxins. Three cyc/opropane derivatives 
have been shown to be antiauxins and so introduce a new 
class of such substances. 

(f) Stage of Development and Digesribility in Pasture 
Plants (in collaboration with the Wool Textile Research 
Laboratory, Melbourne). See Chapter XVI., Section 12. 

Two pasture grasses and a clover were sampled at fre­
quent intervals until late summer, and their digestibility 
estimated by a microbiological technique. Digestibility 
tended to remain constant during development, but con· 
siderable differences were found between the species. 

(g) Flowering in Long.day Plants. (i) Anagallis 
arvensis.-The first leaf pair of this plant attained maxi· 
mum sensitivity to long days when its area was about 10 
mm2. When the area reached 100 mm2, approximately 
one·fifth of the final area, these leaves no longer initiated 
flowering. 

(ii) Lolium temulentum.-Plant age has a marked 
effect on photoperiod sensitivity, and on the nature of the 
relation between the intensity of induction and the rate of 
inflorescence development. 

(iii) Trifolium subterraneum.- The dark inhibitory 
process comprises at least two partial processes, affected 
by night length and night temperature respectively. A 
further inductive process is operative. This may be im­
portant in controlling flowering times in the field. 

(iv) Themeda australis.-A pilot study is complete of 
the requirements of two strains of kangaroo grass for 
flower initiation. Both strains proved to be Jong-day plants 
with a response to cold treatment. 

(v) Gibherellic Acid.- This acid reinforced the action 
of Jong days in Anagallis arvensis, but did not initiate 
flowers on its own. For Echium plantagineum, in normal 
days, the time to flowering was decreased. 

(h) Floral Ditferen1uuw11.-vanoL1s basal sterile spel­
toid wheats were subjected to a variety of environmental 
conditions before, at, and after innorescence induction. 
Pronounced effects were found on the pattern of fertility 
of the basal florets. 

(i) Protein Synthesis and Developing Wheat Grains.­
The characterization of the development of the wheat grain 
is the immediate objective of this work. Techniques have 
been developed for the estimation of a number of nitro­
genous substances, and biochemical assays for certain 
enzymes. The culture in vitro of isolated endosperms or 
whole ovaries has been attempted. In whole ovaries the 
embryos, but not the endosperms, showed development. 
These frequently grew into plantlets, emerging from the 
otherwise empty kernel. 

10. BIOCHEMISTRY. 

(Di vision of Plant Industry.) 

(a) Cell Growth and Differentiation.-P.roblems of cell 
division, growth, and differentiation arc being studied in 
isolated plant organs and tissues cultured aseptically. 

(i) Isolated Roots of Subterranean Clover.-Studies are 
being made of factors affecting the growth of the main 
axis meristem in successive subcultures, initiation of lateral 
roots, the abrupt transition from newly initiated (slow 
growing) to fast growing laterals with accompanying in­
crease in their capacity to grow iu successive subcultures, 
and the influence of these processes on the growth form 
of the root system. 

(ii) Natural Cell Division Substances.-In many in· 
stances, the induction of cell division requires the participa­
tion of an auxin and a kin in (e.g. kinetin, diphenyl urea). 
Thus, added T AA induces lateral root formation on a root 
axis, but considerable evidence suggests a requirement for 
a second substance, presumably a kinin. When auxin is 
added to isolated flax roots in which some lateral primordia 
are already present, the lateral primordia consequently 
induced form in the immediate vicinity of pre·existing 
primordia, which suggests that the latter may be centres 
of kinin production. 

Diverse evidence has led to the formulation of the 
hypothesis that dividing cells produce cell division sub· 
stances (klnins). This would explain a number of aspects 
of plant growth, e.g. the perpetuation of meristems. The 
hypothesis is being tested directly by preparing extracts 
from comparable dividing and non-dividing cells, and 
testing the extracts in tobacco pith or root pericycle 
systems. The presence of kinins in some tissues bas been 
detected. 

(b) Studies of Tobacco Mosaic Virus (TMV) . (i) 
Biosynthesis.-Subcellular, particulate components of 
virus·infected tobacco leaf cells have been examined in 
order to investigate their possible contributions to virus 
synthesis. From studies of homogenates of leaves frac­
tionated by centrifugation, it was concluded that chloro· 
plasts contained virus. 

The virus, as isolated from the chloroplasts, comprised 
0.6·4.2 per cent. of the virus extractable from the leaf, 
and was indistinguishable from the virus isolated from the 
remainder of the leaf homogenate. However, in vivo 
studies with HC-aspartic acid supported the hypothesis 
that tobacco mosaic virus is synthesized, or that the nucleic 
acid and protein components are " assembled " within the 
chloroplasts. 

Studies on the rate of incorporation of HC.aspartic acid 
into the soluble antigen of tobacco mosaic virus support 
the view that the soluble antigen is the precursor of the 
protein part of the virus. 

Attempts to obtain incorporation of HC-aspartic acid 
into the virus, and into the soluble antigen, in cell-free pre· 
parations of leaf homogenates were unsuccessful. 

(ii) Ribonuleic Acid (RNA) Synthesis in Tobacco 
Leaves Infected with TMV.-TMV·infected tobacco 
leaves were examined for the presence of polynucleotide 



> 

• 

27 

pno~ph~rylase. This enzyme catalyses the reversible poly­
rr:enzat1on of nuclcoside diphosphates (such as adenosinc 
d1phosphate (ADP)) into long-chain, RNA-like poly­
nuclcotides. Whether it fu nctions in RNA synthesis within 
the cell is still not clear. Experirnents to date have failed 
to demonstrate any activity. 

. (iii) Chromatography of TMV.-It was reported pre­
viously that the chromatographic behaviour of TMV 
varied with different preparations. The behaviour 
appeared to be influenced by the state of aggregation of 
the virus. Molecular weight studies have shown that 
in the case of the beat-treated virus only is there any 
s ignificant change in the state of aggregation. 

The absorption of TMV on the "Celite "-cross-linked 
sulphonated polystyrene (" Cel-SPX ") ion-exchange resin 
was found to be sharply dependent on the pH of the eluting 
bulTer in the pH range 5.0-5.5. T his agrees with the 
results found with a number of other proteins. This sharp 
dependence of elution behaviour on pH may be due to a 
configurational change in the virus molecule. 

(e) Conversion of Ferric Phospltate to Soluble P/zos­
p/ww.- Anae.robically decomposing clover tops in aqueous 
medium readily convert ferric phosphate to soluble phos­
phate, and can do so in the presence of iron and aluminiun1 
oxides. Phosphate in solution first increases and then 
decreases with time. This decrease is due in part to the 
form ation of a phosphate which is soluble in acetic acid . 

(/) The Conversion of Manganese Oxide into Soluble 
Manganese by Plants.- The availabili ty of manganese not 
only depends on oxidation and reduction processes occur­
ring in the soil itself, but is affected greatly by the plant. 
Avai lability to different plants is not related to the amounts 
of manganese oxide-reducing substances released from 
roots, but it may be related to the activity of these sub­
stances at the root-soil interface. In a manganese deficient 
soil from Penola, S.A., avai labili ty is limited either by 
the absolute amounts of oxide dissolved, or by the forma­
tion of an insoluble manganous complex. 

11 . BIOPHYSICS. 
TMV which had been absorbed strongly on a column 

of the ion-exchange resin and then eluted was compared (Division of Plant Industry. ) 
with viru~ which bad not been absorbed on the column. (a) M embrane Studies on Nitella.-(i) The Effect of 
The only significant dillcrcncc was in their absorption Deterge11ts.-Di1ute solutions of ionic detergents, when 
spectra, and this difference occurred only in a few applied to Nitel/a cel1s. rapidly bring about their death. 
experiments. There was no significant difference in either Microelcctrode measurements of membrane resistance and 
molecular weight or biological activity. potential difference indicate that the site of action of the 

(c) Hae111oglobi11 and Cytochromes of Soybean Root detergent is the plasmalemma. 
Nodule.v.-Quaoticative measurements of cytochrome con- Survival time of the cell fa lls wi th decreasing ionic 
ccntrations carried out on the bacteroid and vegetative strength, increasing detergent concentration, and iocreas­
forms of "effective " and " ineffective " Rhizobium ing hydrocarbon chain length; survival was much shorter 
strains confirm the qua litative observations previously in cationic than in anionic detergents. At high detergent 
reported. 'v\'hcn tJ1ese organisms are grown vegetatively concentrations survival time was constant. 
under lowered oxygen tensions the cytochrome a decreases (ii) Electr(Jn Microscopy.-An investigation is being 
in amount. but does not disappear, as in the " effective " made of the structure of the plasmalemma and other 
bactcroids. The relation between these cytochrome changes features of plant cell structure. In Nitella cells fixed with 
and the terminal oxidase systems of Rhfr.obiwn are now potassium permanganate, electron microscope pictures 
being studied. revealed a plasmalemma with the appearance typical of 

Some purification of a cytochrome c type pigment, one lipoprotein membranes. 
component of this oxidase system, has been achieved. (b) Physico-cliemical S111dies.- (i) Tetrapyrrole Pig­
Whcn bacteroids are disrupted by a variety of mechanical ments.- The spectra and basicity have been studied of 
procedures, 30 per cent. only of the total cytochrome c a number of simple porphyrins (uro- copro-, and proto­
is released into solution. The insoluble cytochrome c porhyrins as their methyl esters), solubilizcd in detergent 
is spectroscopically identical with the extracted pigment. solutions. Apparent pK values for the porphyrins have 

Spectroscopic and m icroscopic observations on the been determined. The spectra of the monocatiooic species 
pellets obtained by centrifuga l fractionation of the dis- of the porpbyrins were determined in anionic detergent 
rupted bacteroid suspensions suggest that most of the solutions, but no evidence was found for the existence of 
insoluble cytochrome a and c is present in the plasma this species in either cationic or non-ionic detergent 
membrane-cell walJ fraction. A direct interaction may be solutions. 
possible between the extracellular leghaemoglobin and the (ii) Phenoxy-type Acids.- It is possible to evaluate 
bacterial cytoc!lrome pigments. Attempts are being made H -acidity func tions for concentrated solutions of hydro­
to release the insoluble cytochromes by chemical and chloric acid, by using the spectroscopic change associated 
enzymic methods. • with the ionization of the strongly acidic phosphorus 

analogues of pbenoxyacetic acid. It is possible in this 
(d) Oxidation of Inorganic Sulphur Compounds by Soil system to compare the H, 8 01 and activity functions under 

Microorganisms.-Preliminary results on the extraction standard conditions. 
of a thiosulpha te oxidizing enxyme and some cytochrome 
components from Tli iobacillus X (Thioparus) were (c) M easurement of Injury in Plant Tiss11es.-The low 
reported previously. The enzyme and three soluble cyto- frequency-high frequency resistance ratio method of dcter­
chromes (cytochromes 550, 553.5, and 557 respectively) mining injury to plant tissue is being used to study cold 
have now been separated from extracts and partly purified. ha rdiness of and drought injury to lucernc, and beat hardi­
The cytochromes all appear to be of the c type and have ness of Plwlaris strains. This will serve as a guide in 
positive rcdox potentials of 0.15-0.21 v. selecting parents and screening progeny in plant breeding 

The thiosulphate oxi~izing enzyme catalyses the oxida- progrnmmes. 
tio11 of thiosulphate to tetrathionate, and also the reduction 
of cytochrome 553.5, which is in turn oxidized by a 
cyan icic-sensitive system in a particulate fraction from 
Thi?hacitlus X. 

Sho: t-time incubation experiments with 3~S thiosulphate 
pro 1ided evidence that letrathiona te is the first product of 
thivsulphate oxidation by intact Thiobacillus X. 

' i his aspect of the work is now complete. The pathway 
of oxidation of tetrathionate by thiobacilli is now being 
s tudied. 

12. PLANT EcoLoov. 

( Division of Plant Industry.) 

(a) Rain-forest Ecology.-Following the classifica tion 
of rain-forests studies are being made of succession within 
particular communities. Particular emphasis is being paid 
to the regenerat ion of species such as hoop pine (Araucaria 
c111111i11glu11nii) which are of value to the timber industry. 
Field and laboratory studies arc in progress to separate 
microclimate and edaphic factors in plant succession. 

1 
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(b) Alpine Ecology.-Studies have continued of the 
rclnLionsbip of summer grazing in relation to water catch­
ment v;1lucs. Small. grazing experiments in the Kosciusko 
area have confirmed observational data previously 
reported. Soil loss and surface run-off studies support 
an earlier conclusion that u dense cover of g1·ass is most 
sititabJe for the maximum infiltralion of water. Evapo­
tran.c;piralion losses from alpine bogs are being studied. 
Instruments (or these studies were designed by the Division 
of Meteorological Physics. 

(c) Ecology of Subalpine Orassla11ds.-The .first objec­
tivl! of this study, nnme1y, the origin of the treeless grass­
land" of the subalpine areas, should be achieved this year. 
The effecl of trees in modffyjng thoir own microclimate 
is u11der investigation. 

(ti) Ecological Studies-Southern Tablelands of New 
So11tlt Wales.-(i) V egetatio11 Survey.-The delin1italion 
:ind cfassification of the plant communities on the Southern 
T ablel:rnds bas continued, and special emphasis has been 
given to I.he Yass River catchment, particularly tbe area 
soutb of Gundaroo. 

(ti) A111ecology of Bothriochlon ambigua.-This work 
has been completed. 

(iii) Microc/imates and Topography.-Tbis work which 
will be continued at the new field station at G.inninderra 
is to be extended to a study of the effects of shelter-belts. 

(iv) The Distribittion of Native Plant Communities in 
Relarion to Soil Nutrient Statas.-Althougb. soils of the 
Eucalypws pofvanthemos and E. melliodora communities 
differ in pbosphorns status no evidence has been obtained 
that there is any relationship between soil phosphorus and 
the relative growth of the two species. Soils of E. rossii 
communities were found to be low in calcium. Subter­
ranean clover grew poorly on such soils un)ess lime was 
ndclcd. 

(e) Vegetation Survey of the Macquarie Region, New 
South Wales.- Tbis worl< bas been completed. 

(/) Ariel Zone Ecology.-A study of the degeneration 
of bladder saltbush (A triplex vesicaria) communities under 
grazing has been commenced. Under heavy grazing Atri· 
plex vesicaria is replaced by Bassia spp. and by grasses, 
principally B. uniffora and E11nenpogo11 avenaceus. 

Soil studies suggest that even where the saltbush cover 
is well prescrvcdtbere is a mild soil s tability associated 
wirh the arid climate. The instability of lbe soil is greatly 
increased by destruction of the saltbusb under heavy stock­
ing with sheep. Severely eroded soils have a strongly 
saline soil profile aaa are devoid of vegetation. The salinity 
pattern in sallbusb stands suggests that saltbusb takes up 
soluble salts in the 6-12 iuch zone aocl through leaf shed­
cJing returns saline materials to the soil surface. 

(p) Ecological Studies 011 Weeds.-(i) Distribution of 
/11tror/11cetl Pla111s in Soutlt-eastem A11stralia.-A compari­
son was continued of the climarie range of introduced 
species in Australia and in overseas countries. 

( ii ) The Biotic Factor and its Significance in Plant 
S11cce.tsio11 and W eed /11 vasio11.-The effect of one species 
on another is being studied both at Canberra and in the 
rain-forests of southern Queensland. At Canberra one 
species has been found to affect the germination of another. 
f)antflonicr sp. plants at high densities were found to com­
rietc successfully with Bothrioc'1/oa ambigua, but at low 
lensir ics they did not prevent invasion by the latter. 

(iii) Competition between Skelelon-weed (Chondrilla 
junce:i L.) and Cereal Crops.-The effect of skeleton-weed 
com petition on the yield of wheat and oats was investi­
gated. and nitrogen was found to be the major factor 
limiting yield. Fallow sprays which in 1956 reduced 
competition between skeleton-weed and cereals for nitro­
i>en were ineffective under the dry conditions prevailing in 
j 957. The resulls point to Lhc necessity of building up 
soiJ niLrogen Jevels on skeleton-weed infested land by rota­
tions including legumes. 

(iv) Competition between Skeleton-weed and Pasture~. 

-Experiments are in progress at Cowra to deter.mjue tbe 
effects of competition by pastures on tbe subsequent growth 
of skeleton-weed a nd on Uic ell'cct of the weed on succeed­
ing crenl crops. 

(v) Competition between Hoary Cress (Cardaria draba) 
and Wimmera Ryegrass (Lolium rigidum) .-The adverse 
competitive effects of ryegrass on hoary cress noted in the 
field arc being e.'(amined in pot cultures. 

(vi) Nasclla tricholoma ( Yoss River Tussock) .-The 
control of tussock by competition from pasture plants is 
being investigated. P a rticular attention is being paid to 
the factors controlling the establishment of pasture species 
on land not suitable for cultivation. 

(vii) Comrol of Thistles i11 Pastures.--Studies have 
commenced on the auteeology of a number of thistles 
which are weeds of pastures, pa1·ticular1y uader conditions 
o( high soil nitrogen. 

(viii) Control of Aquatic Weeds.-Results obtained ill 
1956 which showed that applications of the ethyl ester 
of 2,4-D in 22 per ceat. Diesel distilfate were effective 
in controlling curnbungi (Typlw n11g11stifolia) in irrigation 
chnnnels for periods of 4-5 months were again obtained. 
The importance of maintaining water levels at 2-2t ft. 
depths subsequent to spraying was confirmed. Two appli­
cations of 2,4-D at G lb. per acre with maintenance of 
high water levels would give cheaper and more effective 
control than mechanical methods. Another method of 
control which appears to be more permanent tban 2,4-D 
is the use of high rates of aminotriazolc. The same treat­
ment is effective for controlling Pa.vpalwn distic/111111 
(water couch). 

(ix) The Control of Euca.lypt Rege11eration in Fire· 
hreaks.- The control of eucalypt suckers following bull­
dozing of fire breaks bas been achieved by spraying with 
" Ammate "; control is enhanced by addition of a wetting 
agent. 

(x) Mistletoe Control.-Further work has been done 
in co11aboration with the Forestry and Timber Bureau. 
Host tree susceptibility to injury by 2,4-D increases under 
drought conditions. Treatment in those circumstances 
cannot be recommended. 

13. FRUIT INVESTIGATIONS. 

(Division of Plant fndustry.) 

(a) At Hobart.-(i) Physiolngy of Apple Fruits in 
Relation to Storage Disorders.-Experimonts continue on 
the effect of iodividuiil growth substances 011 cell division 
and size in fruits using the half-tree technique. Naptha­
leneacetic acid (NAA) , kinetin, and adenine all increased 
cell number significantly. There was no significont 

• tl ifforence bet ween these three substances in the amount 
of increase, but the effect of NAA may be operating 
through a blossom thinning mechanism ratber than by a 
direct stimulus to division. Unlike earlier expetience there 
was some transfer of effect from the sprayed to the un­
sprayetl halves of the trees. 

Incidence of storage disorders was exceptionally low. 
Jonathan spot was the only disorder and a positive cor­
relation between incidence and mean fntit size per tree 
was shown for the first time. Treatment with kinetin 
significantly increased incidence of this disorder. It was 
decreased by treatment with NAA, while adenine increased 
incidence but not significantly. These effects may be due 
to change in relative maturity. 

Investigations of the effect on cell division of competi­
tion between fruitlets in lhe cell division stage using hand 
thinning methods indicated that increased cell division 
resulted when competition was reduced. This also reduced 
maturation rate, as measured by colour change and acid 
level, und incid'ence of Jonathan spot. Attempts to achieve 
a s imilar effect by chemical means were unsuccessful. 

.. 
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inconsistent results followed attempts to affect the nitro­
gen stat us of different parts of one tree. 

(ii) Apple Scald.-Continuing trials have shown that 
~vraps containing l.5 mg. diphcnylamine were still effective 
m controlling scald eighteen months n(ter preparatiou. Pre­
harvest spraying at 2,000 p.p.m. became ineffective two 
d~1ys nfter tTCt\tmcol. but the material could be applied 
s1mp!y and effectively as a post-harvest spray prior to 
packing. No other substances t ried were as effective as 
diphcnylamioe. 

(iii) Ma111ratio11 of Fruit in R elation to Climate.-This 
study is parl of a cooperative experiment with the States 
of Queensland. New South Wales, and Tasmania. In 
Tnsmania the duration of higher temperatures may be the 
impo rtant factor, and apples may be more sensitive than 
expected to small di1Icre.nces in tbc diurnal high tempera­
ture range. 

(iv) Internal Atmosphere Composition in R elation to 
Frttit and Crop Si;:e.-Prelimfoary results nom this inves­
tigation suggest tbat part of the higbcr susceptibility to 
disorders of light crop fruit may be associated with higher 
internal carbon dioxide concentration. 

(b) At Applethorpe, Queensland.-(i) Rootstock 
lnvestigations.-In the twentieth year of the trial with East 
Malling stocks, Granny Smith trees on M.Il. have yielded 
the heaviest crops followed by Spy, M.XII. and M.XVI. 
(equal), Pomme de Neige seedlings, nod M.XJII. Witb 
the variety Jonathan the largest total crop bns been 
produced by the largest trees on M.XJl. stock. 

The pruniJJg and stock trial after nfoelcen years indicates 
Lhat lightly pruned trees. with the use of the Weckers 
method. bears the heaviest crop. However, the larger 
Weckers-pruned trees, particularly Granny Smith, have 
failed lo mnintain growth. 

T he first crop from Mertou stocks with Delicious scion 
indicated 1.hal Sky and 789 are stocks inducing early 
growlh and heavy benring. T rials with Merton­
M nlling stock, Jonathan scion, have given no indication of 
distribution between earJy or late crop inducing stock. 

(ii) Apple Physiology .-Tbe application of sprays of 
sugar nod borax ngain allowed an earlier picking of the 
variety Jonathan. Previously observed early abscission of 
treated Granny Smith fruit did not occur. The physio­
logical effects of these sprays are being determined. 

Rate of fruit growth us measured by changes in weight, 
volume. starch content, total acid, to tal soluble solids, 
nitrogen content, and cell size Is being studied to obtain an 
unde rstanding of differences in keeping quality. Tbe 
effect of rootstock on keeping quality is also being 
examined. 

J 4. TOBACCO l NVESTtGAT!ONS. 

(Division of 1>1ant Judustry.) 

(a) Canbcrra.-(i) Gcnctics.-Experimeuts to transfer 
resistance to bloc mould (Pero11osporn tabacina) frorr: 
Australian species of Nicotiana to commercial varieties oJ 
N. tnbncu111 were continued. Back-cross progeny have 
given a small proportion of resistant plants resembling flue 
cured tobacco in superficial characters. 

Seeds have been treated with X-rays. gamma rays, 
rhermal neutrons, and chemical mulagens, and pollen 
grains with X-rnys and ult raviolet radiation. Screening of 
35,000 first generation p lants following mutagenic treat­
ment did not reve:u a dominant resistant mutant. Screen­
ing of 700,000 second generation plants from ultraviolet 
trea tment of pollen, representing 1494 treated seeds or 
pollen grruns, yielded some resistant plants. These, 
together with one spontaneous mutation from untreated 
seed of Virginia Gold, are being examined for disease 
susceptibility and other characteristics. 

(ii) Blue Mould (P,eronospora tabacina) .-Field sur­
veys.-Survcys were made of the incidence and distribution 
oi blue mould in tobacco areas of Mareeba in Queensland, 

and Shcpparton and Gunbower in Victoria. The looper 
moth (Pl11si(I (lrgentijera) may be a factor in the spread of 
the disease between fields. 

N11tritio11.-In neld trials using four soil types and three 
levels of nitrogen, blue mould was less severe in plants 
making rapid early growth than on stunted slow-growing 
materiaL Studies on the role of nitrogen nutrition in 
disease incidence in large pbnts showed that total lesion 
and sporulation areas in leaves of plants without nitrogen 
were a significantly lower proportion of totn1 leaf area 
than in plants with added nitrogen. Differences were 
correlated directly with leaf maturity as shown by leaf 
colour change. 

Co11tro/.-Glass-house experiments have shown that blue 
mould in seedlings can be controlled by the use of benzol 
vapour even though infection bas tnken pface. 

Host-pathogen Relatio11s11ips i11 Infected Tobacco 
Stems.--Studies of the origin and spread of stem infection 
io seedlings and field plants and the relationship between 
stem infection and survival of the pathogen between 
seasons have shown thnt some stem infecled seedlings 
survive Lransplanting. Subsequent growth of the transplant 
is determined by the rate of growth of the pathogen in 
tbe stem. 

Sporu/ation.-Sporulation is characterized by an optimal 
temperature of 19° C., a minimum temperature which is 
iU defined but in the vicinity of 2-5° C., and a maximum 
temperature of 26° C. The slope of the response curve is 
characteristic of the fungus and independent of age or 
condition of growth of tbe host plant. Absolute intensity 
of sporulation depends on the physiological state of tbe 
host plant, and is primarily a function of night temperature, 
but length and level of day temperature inJJuence the final 
response. 

S{lore dissemf11atio11.-Tbe pattern of spore dissemina­
tion in the field and glass-house is being investigated. 
Comparative spore numbers present per hour under vary­
ing conditions of temperature .and moisture have been 
determined. Spore survival is being examined under 
different environmental conditions of dissemination . 

(iii) Leaf Srrucmrc and Qua/ity.--A study h as been 
made of the anatomical structure of cured tobacco leaf of 
various comme.rcial grades to ascertain the structural 
characteristics of the leaf responsible for the textural 
clilfcrences used in commercial grading. lo tip grade 
leaves vein density was higher. cell size smaller, and the 
ratio dry weight to thickness higher than in all other grades. 
No sigoificant differences occurred between other grades. 

(b) Tobacco Research lnstitwe, Mareeba.- The first 
crops grown at the Institute, as part of the plant breeding, 
biochemical, and nutr it ion studies, have been harvested. 
Thirteen small curing barns of approximately 250 leaves' 
capacity were constructed. These have been used for 
curing individual varieties from the plant breeding experi­
ments and Cor preliminary studies of the biochemical and 
physiological uspects of curing. 

(i) Plant Breeding.-A wide xnDge of varieties was 
tested under local conditions for susceptibility of blue 
mould. growth, morphology, and curing behaviour. Of 
the varieties tested two Clayton hybrids and a tabacum 
x dehneyi ampbidoploid from Canada remained free of 
blue mouJd. A prclimionry crossing programme based on 
these varieties was completed. 

(ii) Biocl1emistry.-An examination of extraction pro­
cedures for non-starchy polysaccharides in green and cured 
tobacco has been made. Analytical methods for other 
soluble products, alkaloids, monosaccbarides, and oligo­
saccharides from cured leaf are being studied. 

(iii) Plant Nutritiorz.-FieJd trials have been establisbed 
to investigate nitrogen relationships between soil nod plant 
nnd to study lhe effect of nitrogen, phosphorus, nod potas­
sium fertilizers a t different levels and io all combinations. 
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Experiments in the fie ld and in sand cultures have shown 
that leaf koO\~~ as " trashy" can be produced by un­
balanced nutnt1on. Chemical analyses have shown 
the probable pathway of m~tnbolism responsible for the 
production of this low-grade leaf. 

15. PAST URE ] N VESTIGATIONS, CANBERRA. 

(Division 0£ Pla11t Industry.) 

(a) The Management and Utilization of Pastures.-Tbe 
pasture, the grazing animal, the soil, and other mutual 
relations are being studied from a number of viewpoints, 
all with the main objective of obtaining maximum produc­
tion of animal units comparable with continued produc~ 
tivity of the pasture. The wide range of pastures and 
animal environments created by the experimental pro­
cedures offer scope for co-operative studies such as the 
ge11otype-environment interaction investigation currently 
being made with the Animal Genetics Section. 

The current year was extremely dry and this provided 
an opportunity for studying the capacity of sown pastures 
to carry sheep and to persist under high rates of stocking 
and under different systems of utilization. 

(i) Conservation of Excess Pasture as Hay.-This is a 
management system whereby the troughs in seasonal pro­
duction of pastures may be overcome and wastage during 
peal<s of production m ay be minimized. It involves heavy 
rates of stocking on part of a plot, field, or farm while the 
remainder is being conserved. Tbe effect on the sub­
sequent productivity of the cut and heavily grazed areas 
and on annual production is being investigated. Conserva­
tion enabled high rates of stocking-the major determinant 
of high annual production per acre-to be maintained 
during a severe drought. The use of conserved fodder in 
this way may be more important than using it for over­
coming seasonal falls in production per head. 

An examination of the separate factors of cutting and 
feeding back 011 both pasture a11d annuals showed that a 
Phalaris tuberosa-subterranean clover pasture cut for hay 
in t955 and 1956, while not affected in these years, was 
markedly reduced in the 1957 drought year. Reductions 
in wool and lamb production were only partly counter­
balanced by feeding back all of the material consumed by 
cutting in the two previous years. 

( ii) Crops for Supp/eme11tary Feeding of Animals.­
Another system of minimizi11g the effects of low pasture 
productivity in winter is to grow crops such as oats which 
are subsequently fed back. No gain in annual production 
can be expected from cropping; animals on pasture alone 
d id better tban those on which one-third of the area was 
devoted to crops. 

( iii) Use of Fertilizer Nitrogen for Increased Winter 
Production.- The use of fertilizer nitrogen which pro­
moted winter growth on grazed pastures to a slight extent 
in years of high and average rainfalls depr-essed produc­
tion in the drought year of 1957. 

( iv) Increased Utilization of Dry Pastures by Spraying 
ll'ith Urea and Molasses.- Such treatments appear to in­
c rease pasture utilization by inducing animals to be non­
selcctive in their grazing. but in so doing may not neces­
sarily increase animal production. 

( v) Special-purpose Pastures for Summer and Winter. 
- To investigate the ini tial and subsequent capacities of 
individual species for dry matter production under grazing, 
four early-maturing and four late-maturing perennial 
grasses a re being compared with Phalaris tuberosa for 
annual production and plant persistence under winter and 
summer grazing respectively. During the summer grazing 
period 1957-58, Bro111Us i11er1'.1is and Phalaris . tube1:osa 
were superior to all othe r species under test. L1vewe1ght 
gHins on the Bromus pasture were slightly higher than on 
Phalaris. 

The addition of other grasses to the usual simple mixture 
Plwlaris t11berosa-subterranean clover did not influence 

the total annual production of dry matter but did increase 
production during dry seasons. The capacity of a species 
to sustain animal production is related to its ability to 
maintain its density either by reseeding or by tillering. 

(vi) Management of Pastures for the Breeding Ewe.­
Management 0£ pastures are being studied to meet specific 
requirements of breeding ewes during •pregnancy and lac­
tation, together with the reciprocal effects of treatments on 
the subsequent productivity of pastures. Both perennial 
and annual pastures are included, and more detailed studies 
of the effects of treatments involving periods of stress on 
wool production by the ewe have been commenced. 

(vii) Estimation of the Intake of Grazing Animals.­
The use of faecal nitrogen is being studied for the estima­
tion of the intake of grazing animals, including the relation­
ships between percentage nitrogen in faecal organic matter 
and organic matter digestibil ity, and total faecal nitrogen 
and organic matter intake. Variations in these relation­
ships due to season, age, type of animal, level of intake, 
and pregnancy will be investigated. 

Seasonal changes in dry matter and nitrogen intake wi th 
pasture growth under grazing are being examined in a 
co-operative experiment with the School of Wool Tech­
nology, New South Wales University of Technology, and 
an attempt is being made to correlate such changes with 
wool growth and liveweigbt gains. 

(b) Other Pasture Investigations. (i) Soil Fertility 
Studies.-Changes in fertility levels under sown pastures 
are being studied at Crookwell; such changes include 
cation-exchange capacity and phosphorus-sulphur-nitrogen 
relationships directly affected by the use of superphos­
phate. 

The influence of a number of grasses and legumes on 
soil structure bas been studied over a three-year period. 
The importance of soil fertility as a determinant of the 
species which can be grown satisfactorily in pastures has 
been demonstrated at Canberra, where the population 
deDSity of pere1111ial ryegrass has been markedly intluenced 
by soil nitrogen levels. 

(ii) Crop-pasture Ley Investigations.-Investigations 
continued on the possible use of annual species of M edi­
cago as bases for temporary leys in the wheat belt. Data 
are available on the yield, persistence, effect on soil 
nitrogen, and palatability of a range of species and strains. 
A collection of 70 homozygous strains of barrel medic 
f rom overseas and Australia is being multiplied at 
Canberra. The nutritional requirements of barrel medic 
are being compared with those of subterranean clover as 
a possible aid to an understanding of their occurrence on 
different soils. 

J 6. P ASTURE I NVESTIGATIONS, ARMIDALE. 

(Division of Plant Industry.) 

(a) Pasture Ecology and Autecological Studies.-Tbe 
effect on native grass species of burning, plus defoliation, 
has been investigated over the past two years. Following 
a spring (September) burn, the effect of defoliation was to 
decrease the yield of a ll species compared with unburned 
defoliated plants. This effect was apparent, with minor 
exceptions, until the spring of the following year. Burning 
had a marked effect in decreasing soil moisture, and in the 
dry year of 1957 this effect was evident twelve months after 
burning. 

In a study of the soil moisture pattern under native 
pasture large differences in available soil moisture were 
found to occur within areas of apparently similar soil type. 
These differences were reflected in the occurrence ot 
different pasture types. Native sorghum-kangaroo grass 
pasture indicated a more favourable soil moisture pattern 
than two other pasture types studied. 

(b) Management and Utilization of Sown Pastures.­
Using a mowing technique, time, frequency, and intensity 
of defoliation of four pasture mixtures have shown little 
difference in subsequent productivity between the most 

.. 



severe anJ most lenient dcfotintion treatments. An excep. 
11on lo this wa that a cocksfoot-clover pasture under 
'>.!\'ere ddoli:llion sho,,cd a decline in :.ubsequenL produc-
11\ II} :t!i dcfoliution wnlo commenced later in the spring. 

The IO\\ production of pnstures during the winter months 
con!".litutes one or the limitntions 10 increased animal pro­
d 1c1ion in the Ne\\ England region. A range o( annu::i l 
"Pc .. ic<; ic; being tc~ted to determine the best species fo1 
incrca-.mg the amount of forage nvail.1ble during the winter 
month'). 
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Ir) / 111pro1 mrenr of Nntfrc Pastures.-A comparison 
''a .. m.\de of dilforcnt methods of sowing a range of grass 
'>pccics intt) a virtunlly pure tnnd of clover previously 
cst:1hlishcJ by surfocc seeding. The success of establish· 
mc11 t or thc grtisses was in the order combine, sod seeder, 
:1m.I bro:H.lcas1 methods of sowing. Jn another experiment, 
the yields of cocksfoot :ind tall Icscue were greater where 
SO\\ ings were made with a sod seeder than where they were 
maJc "ilh ~· uisi. drill. 

Studies of the effect of burning na1ive pastures before 
urfacc seeding with clovers have beeo iocooclusive. In 
1956 there was a slightly gr~ter ci;tablishment of clover 
where n:itive pasture was burned before sowing. but in 1957 
i.:stnblishmcnt was higher where nntive pasture was not 
burned. 

(cl) Plant N111ri1io11 Swdies.-Critical phosphorus levels 
in :.oils :ire under investigation with the objective of deter­
mining the minimum level of phosphntic fertilizer neces­
sary for adcqua1e plnnt growth. 

From a study of sulphur response curves of a wide range 
of soils, 24 soils were grnded according to sulphur 
dcfic1cnc). Leached '>Oils from the New England region 
'howcd the grcJtest deficiency, while a variety of soils 
including a krnsnozcm from Lismore, a red-brown earth 
from GriOith. n grey-brown soil of heavy texture Crom 
Dcnihquin, nnd a brigolow soil from the D arling Downs 
1ihowed the le<tst deficiency. 

.Studies of decomposit ion of orga nic matte r, wi th pnr­
tit.::u lur reference 10 the formation o f nmmonium and su1-
ph:ite, have shown thut mincra lizntion or no clement from 
organic mntter depends not only on the proportion of that 
clement in the organic matter, but nlso on the proportion 
or the other elements. 

Cc) C/01w Nod11lt11ion.-One hundred and thirty 
n:uurolizc<l strains of Rliizobi11111 organism were collected 
and 50 or 1hcse tcc;ted. More than '.!O per cent. proved 
more effective in nitrogen flxnt ion than the standard strain 
u cd in commercial R/ri:.obi11111 cultures. Wbeo testing is 
completed. the most effective strains will be further 
examined for rcsistnncc to the microbinl antagonism which 
prevents nodulalion of sowings or inoculated subterranean 
clo\'er seed. 

Prior application of fertilizers had no beneficial effect on 
the microbial anrngonism as mc<1sured by the oodulat ioo 
ob1.1lned in subsequent SO\\ ings of inoculated subterranean 
clover seed. 

Allhough earlier attempts to improve nodulati'ln by the 
u'c of lime, when applied in the drill row or in other 
w,1ys. were uru.uccessful, recent SO\\ ings of lime peJlctcd 
sect! have ~hown an improvement in nodulation. The 
spcciAc effect or the li~c pellets and the effect of other 
seed coatings nre being investiga ted further. 

] 7. PASTURE J NVESTtGATIONS, DENillQUIN. 

<Division of Pl3nt Industry.) 

(ti) Semi-arid Pt1st11re.r.-Population growth studies 
arc now complete of Damlumin cae.rpitosa in an eighr-year 
grazing trial. The number of plants was not affected by 
changes of scocking rate from one sheep to 1.2 acres lo 
one sheep to 2.4 •1crcs. Climatic conditions dererminc the 
Jeath and seedling establishment, and the population is 
cJomiMted by plnntc; of a single ugc group. The indiffcr-

encc of the pasture to district stocking rates suggests U111t 
extreme rates will be needed to force the grassland on these 
heavy clay :.oils to a further dcgcncrntivc stage. 

An experimental programme, bnsed on present know­
ledge o( the ecology of Riverinn pastures, was commenced 
Lo de\'clop methods of reducing 1hc wide seasonal fluct un-
1ions in carrring capacity. Snltbushes (Arriplex 11w1111111-

fnria and A. 1·esicarin) arc being re-introduced into pastures 
where Lhcy have been eliminated by stock. The nutrition, 
\\atcr rcla11ons, and production of srutbush arc being 
tudicd tn a grazing trial. Lucerne varieties, Phalaris 

t11bnosa, Bromus spp., and Agropyron spp. sown in rows 
Ill vurying 1ipacings are :ilso being assessed. 

(h) l rrigntt!tl Pas111rcs.-Jncrcascd emergence of clovers 
on heavy soils hus been obtninccl by the use of gypsum. 
Pour fie ld tr i:ils on methods of npplicnLion were completed 
in lhe current irrigation season. /\ further t rial bas been 
commenced. P1oduction of subterranean clover was 
incrc:ised from 1.8 tons dry matter per acre on the uo-
1reated to 2.6 tons by the us~ of gypsum, independent of 
the beneficial effect of the gypsum on emergence. 

Trials lo assess production, palatability, and persistence 
under cutting and grazing of 36 pnsture species (21 
legumes and fifteen grasses) hnve been sat isfactorily estab­
lished on both light and heavy soils. Trials have continued 
of lucernc strains with special reference to winter produc­
tion. A promising vnriety ( Hairy Peruvian) bas been 
sown for seed multiplicntion and a further t ria l is in 
progress or its performunce and persistence under a winter 
culling programme. 

Gross deficiencies ol nitrogen nnd LO a lesser extent 
phosphorus and sulphur have been demonsttated on a 
range of soil types. A number of problems have been 
found associated with ni1rogen fixation in legumes. Jo 
mnny cases the legumes respond to applied nitrogen. 
Nitrogen fixation is poor even though noduJation with 
effective strains can be achieved. 1t is becoming evident 
that this problem limits production o f many irrigated 
pastures. S tudies of minor clements, seed pelleting, nnd 
inoculation urc being made lo solve this problem. 

Tbe role of ferti lizer nitrogen, Lhc ra te of accumu lation, 
and loss o f ni t rogen in the soil is being investigated with 
two summer crops, rice nnd a forage crop (Japanese 
millet). 

The response of Japanese millet to applied nitrogen 
under grnzing and cutting showed evidence of recycling 
of nitrogen under grazing. This tria l is being continued to 
usscss long-term effects of oitrcgcn application. The rice 
trial continues to show long-term effects on the soil and 
~oil nitrogen. 

(c) Pa.m1rc Gro11 th.-Growth experiments on sub­
terrnnenn clover swards have shown that leaf distribution 
may be an important characteristic, as it determines the 
magnitude of stem respiration losses following defoliation . 
The distribution of leaves in depth, which varies with 
vnricty, has importnnt effects on defoliation patterns and 
will influence the effects of grazing on varieties. The 
nn:tlysis of these effects will hove important implications in 
grazing management. 

J 8. ACRICUL TURAL P11vs1cs, D ENI LIQUJN. 

(Di vision of Plant rnd ustry.) 

(i) Sil111rft<111t'o11s Transfer of ffl'M, Water, and Soluble 
St1/1~· i11 Soifs.-T he theory of this subject was elaborated; 
improved d irTcrcntial equations describing Lhe simuJtaneous 
t rnnsport of water, heat, and alts were derived. These 
equations were applied to steady-state heat conduction in 
moist porous materials. thermal conductivity measurements 
with cylindrical probes (sec below), and evaporation from 
dry soil. 

Apparatuo; is now in operation for studying simultaneous 
transfer of heal nnd water under controlled conditions. 
Thcrm::il con<luctivities and moisture characteristics of 
materials to he investigntcd were measured. 
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A detailed study was made of the measurements of 
thermal conductivity and moisture content with cylindrical 
prohes. A theory of tl1e method was enunciated and tested 
agttinst laboratory cxperime.nts. This has led to an 
improved probe construction and lo a better iuterpretation 
of experimental results. 

(ii) Climatic Diff ere11cc~· between Irrigated and Non· 
irrigated Pastures, with Special Reference to the lnflue11ce 
of Adn•ction.-Mcasurements of climatic differences 
between irrigated and dry pastures during two seasons 
have been collated and analysed. This bas led to the 
development of a physical theory for calculnting the cnicro­
climate of an irrigated p:isture from meteorological data 
for the surrounding dry land, to a theoretical estimate of 
the potential ~vuporation rnte for irrigated pasture and 
meteorological data for the surrounding dr}' land, and to a 
theoretical estimate of the potential evaporation rate for 
irrig'.lted pastures. 

19. P A<;TVRE lNVESTIOATIONS, WESTERN AUSTRALTA. 

(Division of Pfant Industry.) 

(a) Stmlies on Pere1111ial Grasses.-( i) Phalaris 
tuberosa.-Study is complete of the effects of nitrogen 
supply nnd ex.tension of the growing season on four strains 
of P. wberofa. The influence of initial plant density on 
yield and persistence is being ex::imined when nitrogen is 
applied. Nitrogen had a small effect on persistence over 
the first summer, but density effects were very lm·ge. The 
relationship between root and top growth are also being 
studied. Attempts to increase, substantially, the produc­
tion and carrying capacity of a Phalaris pasture by the 
application of heavy doses of nitrogen fertilizer (300 lb. 
nitrogen/acre) were not successful. 

(ii) Hyparrhenia hirta.-Grazing trials of this grass 
indicate that it can withstand continuous grazing (two and 
two-thirds sheep/acre) and that its palatability compares 
with that of usual annual species. Previously observed 
marked differences in sheep body weights between 
Hyparrhenla and nnnual pasture were not repeated; sheep 
weights for lhe two pastures were similar P1rougbout 
winter and summer periods. Abnormal !IUmroer conditions 
may account for this discrepancy. 

Introduced species and strains of Hyparrhenia have been 
established in nursery rows. The cb:uacteristics of these 
introductions are being examined, including their tolerance 
lo and growth rnte under Jow winter temperatures. 

(iii) Other Studies.-Experiments are complete al 
Kojooup and Perth in which tbe (our grasses Hyparrhenia 
fiirta, Ehrharta calycina, Oryzopsis miliacea, and Plzalaris 
lflherosa were examined under intermittent grazing. 
Phalaris tuberose' was best of those tested at Kojonup, and 
f-!yparrhenia hirta at Pertb. The performance of 
P. tuberosa at Kojonup, even though relatively good, bas 
not given any grounds for optimism regarding its future 
use. 

Three perennial grasses were sown on each of five soil 
types at Kojonup. Yield data for P. t1tberosa and cocksfoot 
(Dactylis glomerata) showed large intersite differences, 
and confirmed the reputed tolerance of cocksfoot to rela­
tively infertile soils. Root profiles of P. wberosa examined 
in auxiliary plots on four of the .five soil types confirmed 
that rooting depth is shallow on two soil types, both 
importan t in the area. 

(h) Species and Strain Experiments with Annuals.­
(i) Subterraneall C1over.-Expcriments with strains grown 
under spaced and sward conditions have shown that seed 
production per se. though clearly important. is not the 
only factor involved in adaptation of strains to an environ­
ment. There is a minimal value for seed production for 
Jong-term persistence, above which seed yield is not 
important. Studies of strain adaptation in mixed swards 
have shown a broad relationship-relative frequency of 
strains is inversely related to maturity grading. Some strains 
of early-mid-season matudty persisted better than expected 
froro tbjs relationship. 

Jnterelationsbips arc being determined of strain and 
animoJ performance by using the three strains DwaJgnnup, 
Yadoop, and Bacchus Marsh. Thero were cleacly defined 
differences in sheep body weight trends on the three 
pastures, Bacchus Marsh beiug superior lo Yarloop, and 
Yarloop to Dwalganup. 

( ii) Brome Grasses.-Grazing trials on mixtures of 
Bro11111s species were continued at a stocking rate of three 
sheep/acre. Some losses in body weight occurred during 
the summer. B. cari11at11s and B. catlwrticus have virtually 
disappeared afcer three seasons, but B. tri11ii and 
(especially) B. mollis are persisting satisfactorily. The 
volunteer ripgut bromc (B. rigid11s) has increased in 
density during the past two years. 

(c) Plant Nwrition.-(i) PliosphMe.-Cornparisoo has 
been completed of the effect of annual superpbospbate 
dressing nod single initial dressing on a pasture grown for 
four years on both Kojonup sand :ind Boscabel Iateritic 
soil followed by a cereal crop. 

During the pasture phase total production was not 
affected by method of phosphate application. In the cereal 
year wbeu all treatments were residual, annual dressi.ngs 
gave the higher yic1d. Annual applications were superior 
ou the lateritic soil both for pasture and cereal. Phosphate 
analyses sbowed that very liUle app)jed phosphate was 
fixed in tbe organic form and that appreciable amounts 
were lost by leaching. 

(ii) Zi11c.-In a field experiment conducted over several 
yenrs, there has bceo no clear relationship between weather 
conditions and zinc response in subterranean clover. 
Responses to zinc sulphate are inversely related to the con­
centration of zinc as an impurity in superpbosphate. 

(iii) Chlorine.-Of soil samples colJected from 30 
localities three were extremely low in chlorine content, and 
probably contain insufficient chlorine for healthy plant 
growth. These soils are being further examined in field 
and laboratory studies. 

(iv) Cation-exchange Cnpacity (C.E.C.) of Pla11t 
Roots.-ln cooperation with the Institute of Agriculture 
and University of Western Australia, an improved electro­
dialysis technique has been developed involviog a mini­
mum of damage to lhe plant tissue. The C.E.C. values for 
about 20 plant species were determined, and in general 
tllcsc fell into three groups: grasses, herbs, and legumes. 
With rock phosphate as a source of calcium and phos­
phorus for a number of p]onts, highly significant correla­
tions were found between root C.E.C. and percentage 
calcium and phosphorus in tbe plant tops. 

(d) Ecology of A1111ual-type Pasfures.-At Kojonup the 
effects of a range of phosphate levels on yield and b~tanical 
composition are being studied under long-term intermittent 
grazing. There has been no indication of adverse effects 
of continued phosphate dressings on eitller yield or com­
posilion. Botanical composition on all phosphate-treated 
plots appears to have attnined stability. lo a second ex­
periment using three sites, each under continuous grazing, 
no autumn soil-moisture stress was encountered. This is 
in contrast to the previous seasons. No distinct patterns o( 
botanical composition change have emerged. 

(e) Soil Fertility. (i) Effect of Phosphate.-Results 
from this work have been :inomnlous. In field studies the 
rate of soil nitrogen build-up was not clearly related to 
phosphate status (and yield) of the pasture; soil nitrogen 
accretion on very low phosphate treatment seemed unduly 
high. In contrast under pot-culture conditions, the soil 
type showed normal growth response and soil nitrogen 
build-up with increasing phosphate. Tn a further field ex­
periment, large differences in clover production resulted 
from the phosphate treatments, but there was no significant 
net gain of soil nitrogen on any treatment. 

(ii) Sliort-1erm Build-up in Clover Pastures.-In a 
study of the changes in soil fertility during the first five 
ycnrs of a subterranean clover pasture, which bad been 
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sown to wheat, both gra in yield and total grain nitrogen 
were positively corrcl:i.ted with age of pasture up lo the 
live-year maximum. 

( iii ) Effc-ct of Soil Type.-Two soi\ types which pre­
viously hnd proved djflicult for clover establishment have 
rcspondcJ to lime and molybdenum. Annu::i1 increases of 
soil nitrogen arc being maintainzd on six: soil Lypes. Rate 
of gain of soil nitrogen is positively correlated with the 
loilial level of soil nitrogen. 

( iv) Hestoration of Fertilil_v.-1n a continuous cropping 
trial on virgin soil ut Kojooup five years of cereal resulted 
in an almost complete depletion of available soil nitrogen. 
Fiest-year clover pasture on this location showed seedling 
mortality symptoms similar to those experienced on " new 
land " in parts of the south-west. Symptoms were less 
severe where fewer crops h ave been taken. This work 
will be continued on "cropped out "land. 

(v) Pasture /lfa11ngeme11t.-No differences in soil nitro­
gen build-up were found between a grazed clover pasture, 
and clover pastures wbich were mown and the herbage 
either dehydrated und returned , or removed altogether; in 
all cases build-up was substuntial, 85 lb. nitrogen/ acre/ 
year. The area was crop;:>ed to wheat to determine 
whether available soiJ nitrogen had been influenced. 
Differences betwe.::n cereal yields were insignificant, and 
mean totnl nirrogen uptake for the three treatments ranged 
from 38 to 41 lb. nitrogen/ acre. 

(vi) Uri11e-11itroge11. Losses.-Appreciable losses of 
niLrogeo may have occurred from grazed pastures under 
trial. Lo :issessmeot of u rine-nitrogen losses from soil dur­
ing summer mont11s. ns much as 48 per cent. of the 
nitrogen was unaccounted fo r. Losses during the growing 
season and the dry summer period are to be measured. 

20. PASTIJRI! JN VESTTOATIONS, Q UEENSLAND. 

( D~vision of Plant Industry.) 

(a) l'as!Ure Ecology. (i) Spear Grass R egion.-
Drought seriously hampered investigations at Rodd's Bay, 
Brian P astures, and Snmford. Gr:u.ing of experiment~l 
sown pnsrurcs at Rodu·s Bay continued at three times the 
normal stocking rate for native pastures up co the middle 
of 1957, but was then discontinued. The reaction of 
species ro drought conwlions was observed. All. selected 
species survived, and following light rain in November, 
sown pastures made better growlh responses tbno native 
pnsturcs. 

(ii) Walfrtm Country.-Inforroation on suitable species 
and fertilizer lreatmeots for pasture establishment on the 
wallum bas been collected. Tbe maintenance, manage­
ment. and utilizatio11 of sown pastures under the grazing 
animal is now being investigated. 

Despite an unfavourable senson, sown pasture mixtures 
totalling 24 acres were successfu lly established for evalua­
tion under grazing by cattle and sheep. Thirty-five acres 
of t11e total of 40 acres under experiments are now subject 
to regular grazing. 

1n the firsl year of a grazing experiment sheep were 
maintained throughoul the year without supplementary 
feeding at an intensity of four to the ncre, despite unfavour­
able seasonal conditions. Stocking intensities of a beast 
lo the acre and a beast to 2 acres will be attempted on the 
new pastures established for cattle grazing experiments in 
the 1957-58 summer. 

Among new pasture species established at Beerwab., 
p:ingola grass (Digitaria dac11mbens) and the African 
legume Lotononis bai11Csii have been outstanding. 

(iii) Brigalow Rcgion.-Rainfall below average enabled 
pasture species and roi;..'tures to be evaluated under dry 
conditions. Strains of buffeJ grnss and Pt1nicum colorntum, 
and species of sorghum performed well, but strains of 
Rhodes grass were less drought resistant. Many grasses 
died out, especially s trains of green panic and prairie grass. 
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Lucerne continues to grow well but other Medicago 
species failed in tbe dry winter. Strains of the perennial 
legumes Phaseolus atropurpureus, P. bracteat11s, and 
Glycine java11ica bi1ve shown drought and frost resistance. 

The performance of pasture species and mixtures is 
under study on furth~r major soil types. New strains of 
Rhodes grass and Panicum have been established for 
cvoluarion under grazing. 

(b) Ecology.- Detailcd 1Jeld studies commenced of the 
ecology o.f the subcoustal foothills of southern Queensland 
(spear grass region). This work is in areas immediateJy 
adjacent to lhe C03Stal lowlands which b ave been studied 
previously. 

( c) Legu111e Bacteriology. (i) A ccu11111latio11 and Test­
ing of Rhizobium Strni11s.-Additions to the R/dzobiwn 
collection were chiefly tropical rain-forest species. T ests 
of nitrogen iixing ability were carried out with 97 strains 
of b:tcteria on the six legumes Srylosanthes gracilis, S. sun­
daica, LC'11caena glauca, Phaseo/us lathyroides, Cenlrosema 
p11hc<sce11s, and luceroe. Yields and nitrogen contents of 
dry m:i tlcr were measured and strains of Rhizobi11111 were 
comp:ircd on the basis of milligrams of nitrogen llxed per 
plant. Large variations in nitrogen .fixing ability were 
found in strains derived from Phaseollls and luceme; varia­
tions were greates t for strains derived from luceme. 

(ii) Calcium Nutrition of Rh.izobium.- lt has been 
shown with a wide rnnge o.f strains that the addition of 
caJcium to yeast extfact-mannitol agar is not necessary .for 
growth and that C!!lcium can have an inhibitory effect on 
slow-growing " cowpea "· type Rhizobium. 'These types 
m'.lkc greatly improved growth when the agar is acidified. 

Rhic;obium from 48 strains, covering a wide cross 
section of Lbc Legumioosae, huve been grown for many 
gene.rations in a synthetic .medium containing no calcium. 
The growth o[ clovers in acid soils inhibitory to clover­
type Rhhobiwn but where the acidity bas been modified 
ny C:\lcium compounds and other b:\SeS is being Studied. 
Magnesium was shown to be etrccLive in promoting the 
growth of Rhi;;obi11111 in acid i;oils. 

( d) Pasture £11al11ation and Animal N11trition.-(i) 
S11fl1ropical Grasses.-ln studies carried out under pen 
feeding conditions with sheep, Western Austrnlian buffel 
grass was more readily eaten tb:in Paspal11m plicatalwn in 
winter, but not in summer. Some experiment.al animals 
refused lo eat natural pasture in. winter and very low 
intakes were general. 

The decline in digestibility with increasing maturity \\las 
always less than the fall in intake. Differences in 
digestibility between sown pasture species al any particular 
feeding period were small but the digestibility of irnturnJ 
p:i.st11 rcs \\/<is consistently lower. 

(ii) Feeding St01:dards.-Tbe use of accepted feeding 
standards to csti.,1atc requirements of starch equivalents 
ond total digesiiblc nutrients for sheep has been unsatis­
factory. Jn most instances these standards over-estimated 
requirements under subtropical conditions. Tbc most 
satisf:tctory criterion is dry matter intake, ·whils t cligcstibilty 
is genera1ly less satisfactory. 

(iii) S11ppleme111ary Feedi11g.-Over a 60-day period 
Plta.w:ol11s mw1go grain and a mixture of urea, molasses. 
and ground corn cobs were fed on an equivalent nitrogen 
basis to different groups of wethcrs. Tbe pulse supplement 
was slightly superior to the urea molasses supplement. both 
supplements reducing wcigbt Joss from 30 lb. per head to 
a ;iproidmntc1y l 0 lb. per head, compared wirh unsupple­
rocoted control animals. 

( iv) Measurement of Grazing l ntake.-The relationship 
between herbugl! yields. livewcighl increments, wool yield, 
and intake is being studied by grazing sheep on a pasture 
of Paspalum scrobic11/otu111. Jntake is being measured 
indirectly by relating total fnecal nitrogen to intake. 
Comparisons are being made with penned sheep fed cut 
grnss from the same pnsture. 
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(e) Plant Breeding and Genetics.-(i) lndigofera ende­
caphylla .- Crosscs have been obtnined belween a short­
lived, perennial, upland strain, non-stoloniferous and 
requiring well-drained conditions, and a perennial. lowland 
stra in, strongly stoloniferous and thriving utlder poorly 
drained conditions. Experiments with mice, rabbits, and 
sheep indicate thal ,8-nitropropionic acid is not the cause 
of toxicity in Indigofera endecaphpylla; identification of 
the toxin is proceeding. 

(ii) Lcucaena glauca.--Significant interstrain variation 
occurs in growth hnbit and production; strnins from Peru 
and El Salvador are most vigorous and are being used as 
parental varieties in a crossing programme. Selection is 
being made for low content of the ruminant toxfo 
mimosine. 

(iii) Pbaseolus.-Progeny from P. lntliyroides x P. 
semi-erecflls did not show resistance to root-knot nematode 
nnd Phaseo/11s virus 2. Strains of Phaseolus «lropurpureus 
show persistence, ability to recover from grazing, and 
nematode resistance. lnterstrain crosses have been made 
to combine desirable characteristics. 

(iv) Rhodes Grass.-A study is beiog made io intra­
and interstrain variation in characteristics, such as time of 
flowering, stolon development, frost tolerance, and 
persistence under grazing. 

(v) Luceme.-The production of adapted strains wilb 
a creepiog rooted habit for use in sown pastures in 
brigalow country is being attempted. Crosses have been 
rnude with selected material from Australian, South 
American, and Indian sources. 

{vi) Apomltis.-Means a re being sought for inducing 
variation in apomitic species, such as Paspalum dilat<1tum 
and P. scrobiculatum. 

(f) Plant Chemistry.-(j) lodigofera endecapbylla,­
Aliphatic nitro compounds occurring in this species were 
identified. p -Nitroproprionic acid labelled with HC was 
synthesized for use in metabolism studies. 

(ii) Leucaeoa glauca.-Observations on the metabolism 
of 5-hydroxypipecolic acid obtained from L. glauca leaves 
have suggested that it might be formed by the oxidation 
of pipecolic acid rather than from 8-bydroxylysine. 

To assist io the development of strains of Le11cae11a 
glauca with low mimosine content, the colorimetric method 
of analysis of mimosine bas been adapted for testing single 
plants. 

( iii) Analytical Techniques.-Investigations were con­
tinued into the separation aod quantitative determination 
of amino acids aod amines in plants, by using ion exchange 
and pnper chromatography. Good separation of the basic 
umino ncids and certain d.iamines were effected but 
recoveries of some other amines were variable. 

(g) Plant Nutrition.-(i) Nutrient Stat11s of Soils.­
Experiments to determine the oplimum levels of fe(tilizer 
required to correct known deficiencies of potassium and 
phosp horus were estab)isbed. Nutrient deficiencies of 
phosphorus, potassium, and molybdenum were fo und in 
s::indy oi l derived from granite at D 'Aguilar. Responses 
to Ume on tbis soil are believed to result from its effect on 
molybdenum availnbility. Studies are being made of plant 
responses to phosphorus and 1imc on heavy clay at Norwin, 
previously observed in pot tr ials, and the nutrient status 
of two soils at Samford. The nutrient status of brigalow 
soils from north of the tropic has been tested, and 
responses to sulphur and molybdenum have been obtained 
in pot experiments. The subsoil availability of these 
eJemeois is being investigated. 

Nutrition studies on postures in the spear grass region 
were hnmpered by drought conditions: water became the 
limiting factor to growrh. NutTient requiTements . of 
pastures under grnziilg in tbe w:i llum co11nlry arc being 
studied with pnrticular attention to both legume and 
fe rti lizer nitrogen. 

(ii) N11tritio11 of Pasture Legumes.-Glnss-house 
studies were made to determine the relative responses to 
potassium of a number o( summer growth pasture legumes. 
Plant material was analysed to determine tll<~ critical 
content of potnssium associated wirb a deficiency for plnnt 
growth. 

(iii) Tiie Produc1ivi1y of Pastures Grasses.-The rela­
tionship is being evaluated between the supply of available 
nilrogen and water, and the growth of pasture grasses. At 
Sruuford the nppUcation of nitrogen to sown pastures 
pastures receiving adequate quantities of other elements 
showed this clement to be the chief limiting nutrient. 
Experiments carried out during the dry early summer of 
1957-58 indicated that even under unfavourable condi­
tions, dry matter production can be increased three- and 
fourfold by adequate nitrogen nutrition. Differences arc 
bcL'lg studied between grass species in their reaction to 
variations of nitrogen nutrition and water supply. 

(iv) Nitrogen Fixation by Pasture Legumes.-The 
rates of nitrogen fixation by selected tropical legumes are 
being measured and compared with those of two temperate 
species of proven efficiency-Hunter River lucerne and 
Ladino white clover. Of the tropical species Lotononis 
bai11esii nod Indigo/ era e11decaphylla were outstanding. 

Experiments trucing the changes in nitrogen fixation 
occurring when plants of Pltaseolus latltyroides are stunted 
by uro•1ght inJicate thnt the effects of drought are exerted 
primarily on the host pl<ttlt rather than the ni trogen fixing 
microorganisms. 

{h) Plant Physiology.-To obtain an understanding of 
the charnctcrislic occurrence of putrescine in potassium 
c!eficier.cy, radioactive tracer techniques arc being used to 
investigale pathways of pulrcscine metabolism. Radio· 
active putrescinc is formed in potassium cfeficienl barley 
during the metabolism of 01.-ornithine-2HC; a few 
milligrams of 11c-putrcseine have been synthesized and 
preliminary feeding has been carried out. The amine is 
re;1dily util ized by normal plants. 

The initial chromatographic evidence of the occurrence 
of oroithine in higher planis has been confirmed. 

2 L. FoooeR CONSERVATION. 

(Fodder Conservation Section.) 

Drought and near-drought conditions in many regions 
du1·ing the past year have emphasized the importance of 
fodtler co sc1·v:' tion to the agricultural economy. Not 
only is a more extensive use of cooscrv:uioo on the farm 
n maUer o r urgency, but cqunlly important is the need to 
improve present techniques, in orcfer to reduce the 
enormous wastage o f effort and materials which so often 
occurs. fn recent years, the availabilily of improved and 
cheaper machinery has greatly reduced the labour involved 
in co:· serviog foc..ldcr crops. Much, however, remains to 
be learned of the basic principles of ensilage nod hay­
making. 

(a) liaymaki11g.-(i) Field Trials.-Two urgent prob­
lems of haymaking arc to minimize mechanical losses, aod 
to achieve rapid curing. thereby limiting chemical changes 
which lead to reduced nuLrilionaJ values. Further trials 
haYe heen carried out with rycgrass-clover paslures lo 
uctermina tbe best stage of drying in the swath before 
brcaki··g into windrows. Early raking retards the initial 
d'ryins anJ incrcn~cs the respiratory losses, while prolonged 
drying in tbl! swath incre11ses fragility <ind leads to excessive 
mechanical losses. H may be possible lo define inter­
mediate stages for raking at which both types of loss 
would be minimized. Conventional haymaking is too 
c.1tpensive. especially when stornge and subsequent band­
feeding nre costed. To reduce these changes the possibility 
is being explored of lenving hay in the 6eld either in bales, 
sma ll stacks, windrows, or even as stnnding pasture. 

Mosl of these field experiments have been carried oul 
at rhc Srate Research F arm, Werribee, and the co-operation 
of personnel there is greatly appreciated. 

-
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(ii) Chemical Investigations.-The development has 
continued of improved analytical methods and their appli­
cation to examination of the chemical characteristics of 
fodders conserved by various methods. Particular 
attention bas been given to soluble carbohydrates and! 
a itrogenous co;·,stituents. A new rapid procedure has 
been devised for extraction of lipids from fodders. 

Effects of storage conditions on the chemical changes 
occurring in hay have been inv·estigated. These changes 
may be much more extensive than is generally believed. 
Detailed qualitative and quantitative studies have been 
made of the changing pattern of soluble sugars related to 
the stage of maturity of ryegrass when harvested. 
Chemical studies have also been made of losses caused by 
respiration during the curing of hay. 

(i ii) Physical I nvestigations.-Investigation has con­
linueu of the drying characteristics of pasture plants as 
;;ffectcd by air velocity, humidity, and temperature. 
Experiments involving prior crushing of clover and lucerne 
plants have indkated beneficial effects on rate and 
llniformity of drying. Fragility of hay crops and the 
related susceptibility of leaf loss during curing have been 
found to be affected by both growing conditions and 
curir.g methods. Trials have been initiated with chemical 
desiccants as aids to hay drying. 

The respiratory drift during curing of pasture pla~ts 

and the losses of dry matter which occur have been stud1ecl 
in some detail. 

(b) Ensilage.-(i) Laboratory Trials.--Studies have 
continued' on the beneficial effects on wilting on the 
ensilage of ryegrass. A new series of experiments has 
been commenced to determir.e interrelationships between 
ensilage performance, plant maturity, and ensilage tem­
perature. Closed system silage trials, on a miniature scale, 
have been carried out to obtain more detailed information 
regarding dry matter and nitrogen losses. Ensilage_ of 
lucerne with and without addition of molasses or sodium 
metabi;ulphite, bas shown that efJects of these additives 
are markedly afiecte<l by the prevailing temperature; 
higher temperatures render them less effective in reducing 
losses. 

(ii) Microbiology of Ensi/age.-Work has continued on 
the characterization of lactic acid bacteria isolated from 
various laboratory silages.. In addition, the growth of 
selected strains has been studied in artificial media and in 
the juice of ryegrass harvested at several maturity stages. 
Moisture content has been found to exert a profound effect 
o;:i bacterial development in silage made from ryegrass 
wilted to varying degrees. 

(iii) Biochemistry of E11silage.-Changes and losses of 
nitrogenous material in silage are being investigated. 
Following completion of a preliminary exploration of 
nitrogen redistribution during wilting and ensilage of rye­
<>rass and clover, more detailecf enzymological studies have 
been undertaken. Initial work is concerned with properties 
o( the proteolytic system of juice expressed from clover 
plants. 

IV. IRRIGATION. 
1. GENERAL. 

With rare exceptions, experience throughout the world 
has shown that the fertility of irrigated land is very diffi· 
cult to maintain for extended periods. The continued 
application of water to the soil can result in problems not 
encountered in dry-land agriculture. 

The Organization bas two Irrigation Research Stations 
for studying the ways in which irrigated land can be made 
to keep its fertility, and the techniques which can be used 
to reclaim waterlogged or salted soil. These are: the 
Commonwealth Research Station (Murray Irrigati011 
Areas) at M erbein, Victoria, and the Irrigation Research 
Stalion (lvfurrumbidgee Irrigation Areas) at Griffith, New 
South Wales. The work of these two stations is reported 
in this chapter. 
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Research into soils and their behaviour under irrigation 
has been carried out at both Merbein and Griffith in close 
co-operation with the Division of Soils (se.;: Chapter II.). 

Studies of irrigated pastures are carriecl out at Denili­
quin, New South Wales, by the Division of Plant Industry 
(see Chapter ill., Section 17), and other investigations of 
irrigation techniques for northern tropical areas are per­
formed by the Division of Land Research and Regional 
Survey at the Kin1berley Research Station near Wyndhan1, 
Western Australia (see Chapter XI. , Section 3). Work on 
dried vine fruits in progress at the Commonwealth 
Research Station, Merbein, Victoria, is reported in Chap· 
ter Xlll., Section 13. 

Irrigation Research Stations.- The research programmes 
have continued without major change, the emphasis both 
al Merbein and Griffith being maintained on problems ol 
fertility retention and reclamation of water-logged or 
salted land. 

Mr. E. R. Hoare has taken up the position of Officer-in­
charge al Griffith (see Chapter I., Section 4). 

A notable new piece of equipment acquired at Merbein 
tluring tbc year is a drilling rig capable of boring by per­
cussion to a depth of 800 ft. or of rotary drilling to lesser 
depths, with borehole pumps for testing discharge from 
bores. At Griffith, the Home Farm has been tile drained 
and a portion wiU be used for studies of plant and soil 
reclamation. 

As more information is being obtained on the distribu­
tion and behaviour of the plant pest nematodes, it is 
becoming obvious that their importance has been under· 
rated. During the year, Merbein Station organized a con­
ference which was attended by nematologists from the 
Victorian Department of Agriculture and the University 
of Adelaide. The conference resulted in a stimulus to the 
research programmes at each of these centres. 

The Water Conservation and Irrigation Commission ol 
New South Wales continues to make annual contributions 
to funds of the Griffith Station. In the Murrumbidgee 
Irr igation Areas and elsewhere, co-operative work is done 
with officers of the Commission, especially on ground­
water problems. 

The New South Wales Department of Agriculture is 
co-operating in the Murrumbidgee Irrigation Areas in 
studies of ion cblorosis control and of effects of water­
logging and sailing on nutrition of apricots and peaches. 

2. MERBEIN. 

(a) Irrigation, Soil Preservalion, and Rec/ama/ion.­
Observations have been continued of levels of gronnd­
•.vater in piezomcters and test wells in Renmark, Swan Hill, 
and Wakool districts. 

Jn tile drain studies, the volume of air trapped below 
a temporary water-table has been measured. Jn some 
cases sufficient air was present to produce compressible 
flow conditions about piezometers, and an appr01limate 
method was necessary in calculation of in situ permea­
bilities. When relating drain discharge to field conditions, 
it was found that for the two soils investigated best agree­
ment was obtained when the soils were considered as two 
horizontal layers. Also it was best to use harmonic rather 
than arithmetic means of in situ permeabilities when taking 
into account series resistance to flow through successive 
soil segments. 

In studies of use of water by vines, chloride and water 
were extracted by pressure membrane apparatus at ten­
sions up to 6 atmospheres. Negative absorption of chloride 
was observed. The unsaturated permeabilities calculated 
from rates of moisture extraction were lower than those 
necessary lo give rates of water movement calculated from 
chloride changes in the field . 

A neutron-scattering moisture meter is being calibrated 
against gravimetric determinations to follow soil moisture 
changes in an irrigated sultana vineyard. 
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(b) Horticulture.-Microscopical examination of sul­
lan<l buds in hfoy, l957, allowed a forecast of 35-36 cwt. 
per ucre of dried fruit. Bused on this figure, Departmenl 
of Agriculture officers recommended tbat growers prune 
their vines to lhc usual number of buds. Latesc figures, 
which a:re almost complete, for the crnp harvested iJl 
autumn 1958 show an average of 35 cwt per acre was 
realized. A potential crop of 38 cwt. per acre is forecast 
for 1959, based on the very bigb potential fruitfulness of 
70 per cent. of buds. 

Refinements in the crop forecasting techniqoe are ·under 
examination. Comme.ncing mid March, 1958, buds were 
forced at 20° C. and. at the point of bud burst, tbe bunch 
primordia weighed. Experience wHl be required over 
several seasons to assess the value of this technique. Statis­
tical examination of records reveals that a very similar 
forecast will result from examination of buds at positions 
4, 9, and 14, instead of all 14 buds. 

A forecast of 68.2 per cent. fruitfulness in sultana buds, 
based on relation between fru itfulness and b,ours of bright 
sunshine in spring, was made in December, 1957. This 
compares with the fruitfulness of 70.1 per cent. obtained 
from microscopical examinations of buds in May, 1958, 
and mentioned above. 

Three aspects o,f tbe effect of sunshine m' fruitfulness 
are under investigation-light intensity, light duration, 
aod location of light perception. Single buds in the field 
covered with aluminium foil from 24lb October to 27th 
Nov.ember were significantly reduced in fruitfulness, while 
covering from 13th to 26th November had no effect. 

Reduction in bunch number per vine obtained either by 
reducing the number ot canes or by disbunchiog gave 
similar reductions in yield of fruit for the second succes­
sive year. D isbunching bad no effect on subsequent 
rruit rul.ness. 

" Cutting out " of sullaoa canes was done during matura­
tion of the grapes. as is usually done during pruning. This 
Jrnstic treatment bad no ill effects on buc.l burst, yield, or 
maturity of fru it in the season following. 

'BL1ds from cones, taken from unpruncd vines in the 
lic!J ~fter the elute when dormancy was broken and cut 
into sin_gle bud cuttings, were kept at 20° C. Buds 
burst simultaneously at all bud positions from 3 to 14. On 
cuttings t:iken nn<l similarly treated some time after pruo­
lne to 14 buds, terminal buds bmst first and basal buds 
la;!, as i.s usual with bud burst iIL the field, showing I.hat 
.he correlative inhibitions must be set up some time before 
nat uraJ bud burst. 

Attempted control of the weed "hnrdhend " ( Centaurea 
picris) io the vineyard with C.M.U. resulted in severe 
damage wrth premature leaf fall and prevention or 
maturation of fruit and wood. 

(c) Plant N111tie11ts.-lt is thought th.at spring sunshine 
a[ects fruitfulness of sultanas by affecting carbon/ nitrogen 
ratio. High. medfom, and low soiJ nitrogen in spring, first 
applied in 1956, did not affect 1957 harvest At 1958 
h:irvest, low spring nitrogen gave a significant irtcrease of 
37 per cent. more bunches and 26 per cent. more fresh 
fruil over high nitrogen, and yielded 41.S cwt. per acre 
of dried froit compared wilb 35.0 cwt. 

Sultana buds show a significant increase i.n moisture 
content at the time when they are cbnnging from organic 
to induced dorm(uicy. It is thought that winter uptake 
of nitrogen occurs soon after this change. Temperature 
anti rainfall for a 19-day period in winter can be 
rel.-i tcd to sultana yields oveL· the years 1947 to 1957 
inclusive. These are factors which influence soil nitrate 
level. 

Because long-continued investigations of the nutrient 
requirements of the sultana vine in the fields have provided 
variable results, the emph:1sis is being changed from field 
triols to nutrient solution cultures. It has been possible 
to grow vines much more quickJy than in the field and thus 
produce differential results in a shorter time. 

(d) Vegetables.-Tomato varieties Merbein Early ana 
Merbein MhJ-Souson, bred by tbe Station and the DX vision 
of Plnnt Industry for resistance to .root-knot nematodes and 
fusarium wilt Cungus, bave been released to Departments 
of Agriculture and selected seedsmen for further trial. 
TJ,eso two hybrids have high yielding cupacity and good 
agronomic qualities. A tbird variety, Merbeio Canner, 
nn ex.cellent cnnning type, will be tried on a commercial 
scale by a cannery in I.he Murrumbidgee lrrigation Areas 
in the coming sens.on. Three new nematode resistant lines 
were received Crom Hawaii Experiment Station and single 
plant selections were made for resistance and agronomic 
qualities. 

A programme of selection of glass-house tomatoes for 
resistance to root-knot nematode,. f usurium wilt, and Jeaf 
mould, has been continued. 

The Division of Plant Industry is co-operating m 
mutation genetics studies (sec Chapter Ill., Section 3). 
PoJlen of four loroato varieties were irradiated with X­
rays nnd ultraviolet rays to produce 44,000 seeds whicb, in 
nematode infested seed-beds, gave 18,000 plants. From 
these, 200 which were free of attack were transplanted 
into infected soil. At maturity, seed was obtained from 
40 plants showing little or no attack for further genetfo 
studies. 

(e) Nematology.-In the sevenlh year of a soil 
management Lrial a t Red Clifis, a breakdown of resistance 
io all plots of Lhc tomato hybrid H.E.S.4242 was observea. 
TI1is result was not correlated with an unidentified rool­
rot fungus, which disproved any possible interaction. 

Grapevine rootstocks resistant to nematodes have been 
imporled and arc being held in quarantine. When released, 
these nnd seven phylloxera-resistant rootstocks already 
beld by this Station will be tested for nematode resistance 
in this environment. Numbers of nematode larvae and 
eggs were not eor.relaled in monthly counts made oo 
heavily infested soil fallowed in summer, which made it 
impossible to forecast the root-knot potential of arable 
land. Two new species of tbe genus Hemicycloplwra 
were discovered in uncleared Mallee soil in the Hattah 
area. 

Soil fumigation trials with " Nemagon " (1,2 dibromo-
3-cbloropropaoc), "Vapam " (sodium N-metbyl dithio­
carbamate), :ind EDB (ethylene dibromide) gave better 
yields of tomatoes with heavier dosages of fumigant. 
Sultana cuttings were ii;radiated with uoco to induce muta­
tions, and will be tested for resistance in nematode infested 
sol!. Pathenogeni.city to grapevines of lesser known nema­
todes such as pin nematodes, as welJ as citros .nematodes. 
is being investigated. · 

Studi.es of the structure and chemical composition of 
cuticle and egg sac of the genus Meloidogylle have been 
completed. The egg sac consists, in the early stages, of 
a glycoprotein made up of at least fourteen amino acids 
while the protein of the cuticle is made up of at least 
fi Cteen amino acids. Both egg sac nod cuticle can be 
classed as secreted collageos. 

The growth curve of the female M. javanica is sigmoidal 
with a plateau corresponding with the moult period. Under 
optimal conditions moulting was first observed on the 
fo urteenth day and egg sac formation on the twenty­
scvcnlh day. Egg l nyin~ began two days later. The pre~ 
aod post-moull stylet sizes and excretory pore positions 
showed marked difk.rences. The hypodermis thickened 
just before onset of mouJling. 

Advantage bas been taken of the unusual metamorphosis 
of this nematode to watch the development of a male in a 
perfusion slide in vitro. 

H istological exa mination using various microscopical 
techniques berore, during, and after moulting has been 
carried out by using living specimens, whole stained 
specimens, and stained sections. 
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(f) Dried Fruits.-Th~ work of the Commonwealth 
Research Station, Merbein, on dried fruits is reported in 
Chapter XIII., Section 13. 

3. GRIFFITH. 

(a) Soil Cftemistry.-Thc factorial citrus experiment on 
Farm 466 is being used for soil as well as horticultural 
studies. This experiment involves Valencia and Washing­
ton Navel oranges each on two rootstocks with four cul­
tural treatments and four levels of ammonium sulphate, 
with and without the addition of Jjme. 

Sulphate of ammonia fertilizer reduced exchangeable 
potassium as well as exchangeable calcium and mag­
nesium. Potassium loses were, however, less severe than 
those of the divulent ions. Soil from tilJage plots receiv­
ing superphosphntc conta ined less exchangeable mag­
nesium than from non-tillage plots receiving no super­
phosphate. 

( b) H orticult11re.-The marked improvement in frwt 
quality in the no-tillage treatment on Farm 466 after the 
application of supcrphosphate, which was first reported 
last year, has been continued. Increasing levels of nitrogen 
supply, however, caused a decline in fruit quality but cul­
tural treatments had no effect at each nitrogen level. 

Superpbosphnte also improved yields in the grass sod 
treatment. At the no-nitrogen level, establishment of a 
clover sward apparently improved the nitrogen supply 
and consequently appearance and yield of trees. With 
ample nitrogen, yields improved until these were equiva­
lent to those of the tilled treatments. The bare surface 
treatment with ample nitrogen tended to regain its 
superiority in yield held in the first two years of the 
experiment (1947-49). 

Applications of farmyard manure have been discon­
tinued, as they have had no effect, and Trifolium s11b­
terra11ewn-the early-seeding Yarloop strain-has replaced 
tick beans (Vicia faba) as the green manure in these plots. 
Cultivations in th is treatment will be limited to make it a 
semi-sod culture. 

The depressing effect of increasing nitrogen supply on 
fruit quality is being studied in the glass-house with the 
use of rooted navel orange cuttings in sand cultures, 
with varying nitrogen and phosphate level~. 

Topsoil from two cultural trentments nt three ammonium 
sulphate levels was used in glass-house trials to study the 
after-effects of ammonium sulphate on the soil (other 
than nitrogen supply). Ammonium nitrate was added 
to duplicate levels of nitrogen and ammonium found in 
the field, and orange seedlings were grown in the pots. 
D ry matter production and phosphorus uptake decreased 
with increasing field nitrogen levels; but in both for dry 
m atter production and phosphorus uptake, phosphorus 
gave a far greater response when applied to soil having 
no nitrogen additions. 

( c) Plant Physiology.-(i) Plant Warer Relario11s.­
Studies have been continued to assess the effects of mois­
ture stress on the key compounds in the metabolism of 
the plant which are associ:lted with cell division and pro­
tein form ation. Jn studies on tbe Jupin at Oxford, cell 
division appeared to be impaired and primordia formation 
prevented even at incipient moisture stress when the plant 
exhibited no external signs of moisture stress. 

These studies were continued at the California Institute 
o f Technology where whole young tomato plants were sub­
jected to a sin~le period of moisture stress. The effects 
of this whole-plant treatment were considered on laminae 
alone. Net synthesis of ribonucleic acid (RNA) was 
blocked in the moisture stressed plants. 32P-labellcd phos­
phorus was rapidly incorporated into leaves of moisture 
stressed plants, which indicated that the block to net 
accumulation of RNA was not a block in ability to syn­
thesize RNA. On the contrary, two kinds of evidence 
suggest that there was accelerated destruction of RNA . 

The first piece of evidence is that when a pulse of z~p 
is supplied to plants at the beginning of a moisture str~ss 
cycle, the 32P is rapidly incorporated into RNA. In the 
control (non-stressed plants), the labelled RNA remains 
in the leaf although it is diluted by further unlabelied 
RNA. In moisture stressed plants, on the contrary, 
lrbclled RNA is degraded, at least in the first few days 
after treatment, although net RNA remains constant in 
amount. 

The second piece of evidence which bears upon the 
matter is that obtained from leaves incubated in solutions 
of varying osmotic concentration. It is apparent that 
sufficiently high osmotic stress causes leaves to lose R~A 
more rapidly than they otherwise would, although they 
retain the ability to incorporate labelled phosphate into 
RNA and hence presumably to synthesize RNA. 

( ii) Salr Intake.--Salinity effects on plant growth are 
under investigation, barley being used as the test crop. 
When snits were removed, after a brief salinity treatment 
of the substrate, plants treated with calcium chloride 
recovered less than plants treated with sodium chloride. 
Chloride retranslocation of these two different salt treat­
ments was essentially similar. Five days after salt removal 
the roots w~re largely depicted of chloride previously 
absorbed, while no appreciable amounts of c hloride were 
retrnnslocated from the older leaves. 

(iii) Plant Nutrition.- Control measures for lime­
induccd iron chlorosis, a widespread trace element dis­
order of peaches and apricots in the Mirrool irri2ation 
area, have been tested. some in cooperation with th; l\ew 
South Wales Department of Agriculture. T he rnos t 
promising treatment for severe chlorosis was a trunk in­
ier.tion technique using ferric citrate, but it is not a satis ­
factory treatment for young trees or where large areas c-f 
trees :ire involved. A new iron chelate as a foliage sprav 
is the most promising treatment for mild and transien t 
chlorosis. 

The physiological nature of iron chlorosis will need to 
be better understood before effective treatments can be 
designed. Macronutrient data indicate a boosting o f 
potassium levels in leaves of chlorotic trees. 

Analyses of leaf samples from commerc ial peach and 
11pricot plantings were made over the last two seasoru t o 
obtain nutritional data as a basis for lon<>-term studies 
on drainage, salting, and mineral nutrient""' effects. The 
rlements potassium, phosphorus, calcinm. magnesium, 
~orlium , and chlorine have been determined. Potass;um 
levels were muillv conc;iderably reduced with increasio 2 
watrr dam::i!?e. nnd this effect was more marked '111.'hen 
interactions between the crop and leaf potassium levels 
were tnken into account. Other nutrient levels were often 
similarlv affected with the exception of phosphorus which 
w1s comrnooly at an abnormally high level in damE.i?e<I 
trees. Little or no salting was observed io these samol~. 

However. serious salting was observed on a numbei of 
peach nlantings with leaf chloride content from affected 
trees of 1-3 per cent. compared with a normal 0 .1 per 
cent. The balancing cation within the leaf has in f!eoeral 
not been sodium. 

Analyses indicate that the poorer performance of apri­
cots on plum than on apricot stock is due to lowered 
ability to accumulate a sufficient level of potassium i n 
the )eRve~. despite better ability to withstand waterlogP.ng. 

Softwood cuttings from Golden Queen aod from sucker 
growth of peach seedling rootstock were successfulJy 
struck lo a small intermittent mist propagation frame by 
using an E ast Moiling type electronic "leaf " device. 

(d) Entomology.-Red scale (Aonidie/la aurantin is 
by far the most important pest of citrus in Australia and 
fi eld control is far from satisfactory. Bigb natural mor­
tnlitv has been observed during heat waves. so beat treat­
ments r!lnging from 50-70° C. were given for varving 
times. freshly picked Washington Navel fruits parasiiized 
with red scale being used. 
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All time/ mortality curves were sigmoidal and similar 
to clo~age/ mortality curves normally obtained in ento­
ruolog1cal control studies. Reliable 100 per cent. "kills" 
were obtained for treatment periods ranging from 1 hour 
at 70° C. to H hours at sou C. Raising bumidity from 
11 to 40 per cent. did' not alter mortality rates, which 
suggest a temperature rathe:r than a dehydration effect. 

(e ) Land Drainage.-Studies of physical behaviour of 
installed drainage systems have been completed, anti 
laboratory and field data analysed and compared with 
theoretical solutions. A comprehensive account of the 
data collected is in course of preparation, as an addendum 
to a paper already submitted for publication. 

Variations of soil anisotropy which were previously 
reported have been investigated by determining anisotropy 
ratios in the field on a number of large wells and by taking 
core samples for direct determination of the horizontal 
and vertical components of hydraulic conductivity in 
the laboratory. Further analytical and experimental work 
.is necessary. 

V. ANIMAL HEALTH AND PRODUCTfON. 

1 . GENERAL. 

Although Australia's manufacturing i r~dustries have 
grown substantially in the post-war years, live-stock still 
make a major contribution to the nation's economy. In 
the production of wool, meat, dairy products, hides, &c., 
the health and weJl-being of the animals themselves are 
basic to the industrial production which stems from them. 

The Division of Animal Health and Prod'uction is 
responsible within the framework of the Organization':> 
programme of research for the animal industries, and 
undertakes investigations oa animal health and repro­
duction, and animal husbandry. 

The head-quarters of the Division is localed in Mel­
bourne, but its activities are spread throughout the 
Commonwealth. Reports on work in progress are 
presented in this Chapter and in Chapters VII. and VIII. 

The work of the Division of Biochemistry and General 
Nutrition on nutritional problems is reported in Chapter 
VI, Section 12 of this Ch:wter deals with investigations 
of the Animal Genetics Section other than those on sheep 
and cattle which are included respectively in Chapter VU., 
Section 15, and Chapter VIII., Section 9. 

Division of Animal Health and Production.-The decen­
tralization of the administration of the Division, imple­
mented with the establishment of the Committee of 
Management, continues to work well. This system is 
paving the way towards the formation of a number of 
principal units within the Division which are ~utono!11ous 
as regards administration but which are effectively linked 
at the research level. 

The research programmes of the Division have con­
tinued on the broad lines of previous years, with work on 
diseases of cattle, contagious pleuropneumonia, infectious 
forms of infertility, cattle tick, and worm parasites being 
currently of greatest national importance. 

Following the deliberations of the Cattle Tick Research 
Review Committee, work commenced on the protozoa! 
blood parasites which cause " tick fever" in caule; the loss 
of resistance to tick fever which may result from tick 
control measures is a serious hindrance. to their wide anci 
thorough application in northern Australia. 

The major cattle production problems are: increasing 
by improved husbandry the turn-off of beef to southern 
Australia where European breeds find a suitable climatic 
environment, and selection of cattle which can thrive in 
our hot-arid and hot-humjd northern environments. To 
do this, it is essential to understand the physiological 
characteristics which determine heat tolerance in cattle and 

then to select from them within tbe European breeds or 
to i'mpart them by crossing with such breeds as the Zebu 
or Afrikaotler. This takes time, but good progress is 
being made. 

Research on sheep diseases has currently been reduced 
since knowledge gained in recent years, and the advent of 
modern insecticides have diminished the significance of 
the sheep blowfly and otber external parasiles. Diseases 
receiving special attention are footrot and foot abscess, 
mycotic d'ermal'itis, and worm parasites. 

Sheep husbandry and wool production are two of the 
Division's major research undertakings. The objectives 
are: to u:Jderstand the genetic basis of high wool pro­
duction, so that the most desirable and highly procfuctive 
ar imnls can be selected, and lheir qualities transmitted to 
their progeny; to understand the nutritional and other 
physiological mechanisms which enable the inherited 
capaciry for high wool production to be manifested; to 
reduce the heavy losses which result from poor fertility 
and neo-nalal mortality in Jambs; and to discover the best 
~tnd most economic means of offsetting the effects of 
drought by appropriate maintenance rations and husbandry. 
Dasie physiological research on sheep is requirecfl, ranging 
from the factors controlling food intake and utilization, 
lo the development of wool follicles in the foetal Jamb, 
nnd lo the physiological and environmental factors which 
tletcrn1ine wool production after birth and in adult ljfe. 

At the instigation of the Division, and through the 
medium of the Animal Production Committee and its 
animal industry sub-committees, the present status of 
animal husbandry and production investigations by Com­
monwealth and State organizations is under review to 
reveal the nature of the major problems on which attention 
can most usefully be focused, so that resources can be 
i n lcgt~t ted' to best advantage. 

2. ANIMAL HEALTH RESEARCH LABORATORY, MELBOURNE. 

(Division of Animal Health and Production.) 

fn the investigation of some of the major diseases of 
live-stock in Australia special attention is being paid to 
contagious pleuropneumonia of cattle (see Chapter Vill., 
Section 2) and te the causes of infertiJity in cattle, particu­
larly in dairy herds (see Chapter VIII., Section 2). ln 
both of these fields of research, studies are based upon 
the use of cattle as experimental animals, and special 
facilities are required to keep these under conditions of 
quarantine. Although these investigations are limited by 
high costs and practical requirements, progress has been 
satisfactory. With pleuropneumooia, the Australian work 
bas been in the forefront of world research. In addition 
to aiding the cattle industry in AustraUa by devising and 
supplying a vaccine which has kept the disease under 
control, supplies of materials for the Organization's 
serological diagnostic test have been sent to several 
afflicted countries overseas, and general advice has also 
been given. With sheep diseases, studies on chroaic copper 
poisoning and heliotrope poisoning have been continued. 
These c~uses of death in sheep are generally associated witb 
jaundice in the sick animal, and the chemical pathology 
of the diseases opens up a Wide and important field of 
research both in sheep (see Chapter VIL, Section 17) 
and in animals other than sheep (see Chapter V., 
Section 11). 

Other items of research include stucfies associated with 
trace element diseases of livestock in Western Australia 
(see Chapter V., Section 11, Chapter VU., Section 17 and 
Chapter VIII., Section 2); plant poison studies (see Ch~pter 
V., Section 11); avian 1eucosis (see Chapter V., Section 11); 
toxicity of large rations of wheat (see Chapter VU. Section 
12); in fertility and phy~iology of reproduction in sheep 
(see Chapter VIL, .section 13); brucellosis of sheep (see 
Chapter VII., Section 17); and clover oestrogen studies 
(see Chapter VII., Section 21). 

-
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3. MCMASTER ANIMAL HEALTH LABORATORY, SYDNEY. 

(Division of Animal Health and Production.) 

The installation of a refrigerated laboratory in the base­
me~t . of the Ian McMaster Wing makes a very valuable 
add1 Lion to the facilities. 

Susta ined dry weather over eastern Australia hampered 
the field work on such cond itions as (ootrot and mycotic 
~ermatitis of sheep and delayed the establishment of 
improved pastures at the Paras itology Block of the F. D. 
McMaster Field Station. 

The major investigations undertaken at the laboratory 
are a study of heritability of fleece and mutton characteris­
tics (see Chapter VII., Section 14); studies on external 
parasites of sheep (see Chapte r VI I., Section 19); studies 
on anthelmintics a nd the relatio ~. sbip between the sheep 
nnd its internal pa rasites (see Chapter VII., Section 18); 
drought feeding and the utilization of low-quality 
roughage (see Chapter VII., Section 11); pregnancy 
toxae mia, footrot, and mycotic dermatitis of sheep (see 
C hapter Vil., Section 17); and fattening of beef cattle 
(see C hapter VHI., Section 7). 

4. VETERINARY PARASITOLOGY LABORATORY, 

YEERONGPTLLY, QUEENSLAND. 

(Division of Animal Health and Production.) 

This Laboratory devotes the major part of its research 
programme to investigations on the internal parasites of 
caltle. Other problems of importance to the Livestock 
industry are studied as staff and facilities permit. 

Accommodation and facilities are provided for officers 
of the Division of Entomology who are engaged in field 
and laboratory research on the ecology and control of 
the cattle tick, Boophilus microplus. 

Facilities for field work by both Divisions are available 
at Amberley Field Station, about 25 miles from the 
Laboratory. 

Investigations in progress include studies oo: parasitic 
gastro-entcritis of cattle (see Chapter VIIL, Section 3); and 
ticks infesting cattle and cattle-tick fevers (see Chapter 
Vlli., Section 4). 

5. F. D. MCMASTER FIELD STATION, BADGERY's CREEK, 

NEW SOUTH WALES. 

(Division of Animal Health and Production.) 

Seasonal conditions continued to be difficult, there being 
no run-off rains for the twenty-month period June, 1956-
February, 1958. 

Reserves of water for irrigation became exhausted in 
November, 1957, and irrigated pastures were abandoned. 
When drought breaking rains. were received during Feb­
ruary and March, stock water was also at a low ebb. 

Following the rains, pasture regeneration was good 
and further areas of improved pasture were sown. 

Improvements effected during the year comprised the 
sinking of two new stock water dams, the laying of irriga­
tion mains at another dam, the erection of new bull yards, 
a nd the construction of a small temperature-control room 
capable of housing two cattle. Two large circular water 
troughs (500 and 1,000 gal. respectively) were built for 
use by the dairy cows. Further drains and concrei.:: ::iads 
were la id around the cow shed and cow yards. 

Major investigations on the Field' Station are: studies on 
inbred tlocks of Australian Merinos (see Chapter VII., 
Section 14); inheritance of component fleece characters 
(see Chapter VII., Section 14); biolog ical studies of skin 
and wool growth (see Chapter VIL, Section 16); develop­
ment of the Zebu cross dairy herd (see Chapter VfII., 
Section 6); studies on hair growth of cattle (see Chapter 
VlII., Section 6); and studies on the sweating of cattle (see 
Chapter VIII., Section 6). 

6. SHEEP BIOLOGY LABORATORY, PROSPEC'ir, NEW 

SOUTH WALES. 

(Division of Animal Health and Procluation.) 
T he research team for this Laboratory is gra,dually being 

built up, and new research projects are b erng developed, 
notably in the field of climate p hysiology (s ee Chapter 
VII., Section 22). Other investiga tions repnrled in Chap­
ter VIL are: Section 10, the meta bolism ai;d :nutrition of 
sheep; Section 13, physiology of reproduc:tioa; Section 16, 
biological studies on wool growth a nd the skin; and Chap­
ter VIII., Section 7, skin and hair growth ir. c:attle . 

Most of the Laboratory's work is coo ctrrred, directly 
and indirectly, with wool growth, a nd requires large num­
bers of sheep, both in pens and in 1he field; file carrying 
capacity of the Prospect pasture& has beer. enhanced by 
1he construction of a " turkey-nes t " dam whlich is filled 
from two small streams flowing through the pro perty. 

As in previous years the Fleece A nalysis Laboratory 
provided a service for measurements on fleece and cattle 
hair samples for some of tbe rese arch proj~ct>s described 
in Chapter VII., Sections 14 and 16, and Gil.apter VIll., 
Section 7. Altogether 35,780 measuremrots of various 
k inds were made on wool samples, includin~ t.:be scouring 
and extraction of greasy wool samples, and physical 
:measurements of staple and fibre properties. A.'.I1 additional 
1,248 physical measurements were performed on cattle hair 
$am pies. 

7. REOTONAL P ASTORAL LABORATORY, A RMJD..t\ LE, NEW 

SOUTH W AL E S. 

(Division of Animal Health and Production.) 

The present research team consists o f officers of the 
Divisions of Animal H ealth and Productio n, P lant Indus­
rry, and Mathematical Statistics. Accommodation is also 
provided for officers of the Wildlife Survey Seotion. Close 
Jiaison is maintained with the Fa culty o f Rmral Science, 
University of New England, and seven ! co-operative 
investigations have been commenced. Sto ck and facilities 
have been provided for field work for office r s from the 
.McMaster Animal Health Labora tory, the Sb_eep Biology 
Laboratory, the Wool Textile Research ILabor.atories, the 
Animal Breeding Section, and the Div i;ion of Plant 
Industry. 

Investigations in progress by officers o f the Division ot 
.\nimal Health and Production include: effect 10f nutrition 
on reproduction in sheep (see Chapter VII., S ection 13); 
thyroxine and wool growth under field con ditions (see 
Chapter VU., Section 16); posthitis in wetb ers ( see Chapter 
VII., Section 17); internal parasites (see Ch apter VII., 
Section 18); drought feeding of ca ttle (see Cb.apter VIII., 
')ection 7); and coat clipping studies in cattl~ ( see Chapter 
VIII., Section 7). 

The Division of Plant Industry progran:uu e includes: 
'llant introduction, pasture ecology and a utecology, plant 
nutrition, legume nodulation, pasture management, and 
Jtilization studies. P articular at tention is being paid to 
the role of sulphur in plant nutrition. 

At " Chiswick " an area of ! ,305 acres ha s been cul­
tivated and sown. In addition approximately 980 acres 
of native pasture have been surface seed ed IWitb grasses 
and clovers. Sheep shorn in 1957 were 6,559 for 241 
~1ales of wool, an average of 9.8 lb. per hea d including 

1'Crutchings. 

8. NATIONAL F IELD STATION, "GILRUTH PLAINS", 
CUNN AMULLA, QUEENSLAND. 

(Division of Animal H ealth and Pr~ifuctio n.) 

During the calenda r year 1957, only 7. 76 iraches of rain 
were recorded and for the twenty month s to the end of 
March, 1958. tbe total rainfall was only l 3.00 inches; the 
year therefore has been one of drought co nditions. There 
has not been a good growth of summer-g;rowimg perennial 
grasses for two consecutive summers; a 1Dum'.ber of these 

1 
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plants have diet.I. :ind, o[ those sWI living, much of the 
dricJ tear anJ stem growth of previous wet years has been 
eaten or hn~ dic;iotcgratcd. 

Lwnb marking pcrcen111gcs ant.l wool cuts have been 
low. Two-tooth medium Peppin ewes cul 8.8 lb. of greasy 
wool for twelve months' growth. As a drought mitigation 
measure. npproximately l ,500 lamb:. were weaned pre­
m.uurcly nnJ Ced luccrnc ha)' in yards for four months. 
rhi!. enabled the natural pa tures 10 be used to better 
.1Jvantage ror the ewes as, :iCtcr weaning, they required 
only a muin1coance level ot'. feed intake. 

Sheep breeding experiments AB!, AB4, and AB5 have 
been cominucd ~sec Chapter V ll ,, Section 14), and work 
has comm~nccd on the s tudy of relative feed/wool con­
version emcicncies of sliccp uodor liolu cond itions. 

9. NATIONAt. Ct.Tri,e B1ummNo STATION," B ELMONT", 

Roc K11AMPTON, QueeNSLAND. 

(Division of Animnl Hcnllh and Production.) 

" U.:lmont ", sicu:ned oo the Fitzroy River some 20 
mile~ norlb oJ Rod.hampton, wus acquired by the Aus­
trah:in Meat Board and made available co the Organization 
lor \\Ort. on bed cattle production. The main programm~ 
ol the !>1.ition. "hich is 7 ,000 acres in area, and has a 
Ctirtying capilcity or 1,400 head, is directed towards 
studies in nduptation o( British breeds and their crosses 
\\i th C\Otic breeds to a tropical environment 

The winter and spring wc:uher of 1957 was distincll~ 
dr.• :ind cold. nnd some anxiety wns Celt for the breeding 
hc-J. Howe,·cr. fol lowmg an early weaning. the pasture!. 
maint:iined these s tock better than expected and they came 
to calving <October-November) in qui te fair condition. 
Ourin!! the firsr four months o( 1958 some 15 inches of 
min fell . This produced n heavy growth of pasture and 
two OClods in the Fitzroy River in Fcbru:iry and March. 
Fortunt11cly fl ood dnmn~e to pasture was not severe, ancl 
fallowin11 usefu l rains in May nnd June the property and 
~ tock entered the winter of 1958 in excellent order, 

Dcvclopmcntf11 work was continued nncl a fu rther :120 
ncres or softwood scrub land was cleared. burned, and 
sown down. Other improvement work included the 
clenrin~ of 1 mile of dense scrub for the erection of the 
power line. the completion of a 300-ft. air strip. and the 
erection of two <1mall building.<1 and a calf mothering yard. 

The fifth series of experimental matings was successfully 
completed during the early months of 1958 (see Chapter 
vm . Section 8). 

I 0. Pout TRY R csF.Attcn Ce~TRe, WERRrBEE. V1croRIA. 

(Division of Animal Health and Production.) 

I ong·rJnf?e studies on population genetics continue to 
form the main projects. They are supported by physio­
logical and biochemical studieo; to investigate further the 
mechani~m of hetcrosis (!:CC Sec1ion l l of this chapter). 

For the 1957 breeding season a total of 1. 102 dams 
were used and artificially imeminaled with diluted semeo 
of 110 sires. Hu~bandry techniques remained unchanged 
from those \l'led in previous yea rs. Birds on the property 
Cln l 'it Arril. 1958. totalled 4.961 of which 4.129 were 
frm11le<t of lnying s tage. incluclini:: 2, 186 White Leghorn, 
615 Austrntori,, and 1,270 crossbreds of variou s types. 

11 . fNVl!STIOATIONS OTll'CR THAN \VlTH SHEEP AND 
CATTL13. 

(Division of Animal Hcahh and Production .) 

( n) A >;inn leucnu.t.-Experiments have continued at 
•'le Anim31 Health Laboratory. Melbourne. and the 
roult ry Rc'lcarch Centre. Wcrribcc. to determine the 
dfl'ct. on the incidence of this di<;casc in adult life, of 
i,.01:11ion during the broodin2 period. The overall 
incirlcncc during the current experiment may prove to'l 
low for rcli:iblc conclusions to be drawn. 

(b) Swdies i11 Pop1tlntio11 Ge11etics.-This work wn· 
1mu.:J :n the Poultry Re c:irch Centre. The following 
findings re ull Crom an analysis of egg production to 72 
weeks of age of the 1956 halchcd L-generation of pullets: 

{1) r:ie proJucL1on-l>red Oock of White Leghorn, 
..clcctcJ on an m<.lex combining inclivitlual and family per­
lormancc, :l\'l!r.tgcd ~0 1..+ egg.-, on a hen-housed basis, 41 
cgb!> rnor~ than the un<;clectcu control flock. Despite con­
tinuous hrccJing from pullets n<lult mortality was at the 
low le" el of I 0.6 per cent. 

(1i) The three inbred strnins with an average coefficient 
of inbreeding above 70 per cent. , which had been sub­
jcctcu to a limited nmounl of artificial selection, producetl 
~1bout the some number of eggs on a survivor busis us 
thu unselected but non-lnb1 ed control flock , though two 
of lhc st111ins show much higher adult mortality. 

(ii i) The three-way incrosses produced by mating inbrctl 
sires of one s train to two-wny incrossed dams showed 
disnppolntin~ rcsulls :incl remained below the level o[ lhe 
non-inbred Oock described under (i). Considering the size 
l'f fea~1ble breeding oper:uions in AustraJia this method or 
producing " hybrid chickens " docs not seem to be 
promising. 

(iv) The ninth and fina l gencraLion of the flock selected 
according to the H agcdoorn nucleus system of continuous 
h:i lf-sib matiOl!s confirmed lhe adverse conclusions pre­
viously repClrted, ond produced only slightly above the 
un.,clcct~d but non-inbred control flock. 

(v) The single crosses between White Leghorn and Aus­
trnlorp from reciproenl recurrent selection were again 
superior in egg production on the survjvors' basis to the 
best purebred production-bred nock, but lost most of 
1his supcrioritv on the hen-housed basis on account o f 
ne:irly Lwice n'I high mortnlity. A special study of nine 
acncrntions of sinple cros<;ing confirmed previous prc­
lim inory reports or the high amount of heterosis shown 
by th iR cros<; fnr egg production of survivors. h atchabili ty. 
nnd ch ick mortnlil y, but could not confirrn the widely held 
view lhnr the LxA is superior to the AxL c ross. 

The tenth generation of criss-crosses established n new 
flock record :it this Centro with 229.7 eggs on a hen­
housed bnsis at 72 weeks of age. 

The sludv of heri tnbility of chick viability was com­
rlcted nnd the followin1t estim:itcs obtamed: 3.5 ± t .5 
rcr cent. for White Leahom and 3.9 ::= 2.3 per cent. for 
Australorns for the period 0-3 weeks, and 4.3 :::: 1.6 oer 
cent. and 1.0 t 2.2 per cent. rc~ectively for the firo;t 
<' weck'I of life. 

The followine studicc; were continued to accumulate 
.,ufficient data for n fin11l annl)'sis:-

(i) The heritability of second-year egg production 
and it<1 aenetic correlation witb first-year eC?I! 
production; ~~ 

(ii) the interaction between genotype and two 
different environments (cages and deep Jiller). 

Sludici; were made on opt imal flock structure of a 
noultrv flock rco;ultinP. in the construction of appropriate 
r.ri 11nlion~ for the c:olving of this problem, and on Qenctic 
im,.,rovcment as relnted to s i7.C of breeding operati~n. I\ 
rr.nned method is nl~o u nder investigation for mcnsu rin,11 
"pausing" whicl1 is n componen t character of egg 
product ion. 

( c) A1•in11 Pln•finfo~v n11d Nrttrition.-An experiment 
was completed at the 'Poultry Research Centre to show 
the effect of eee production of possible interaction'I 
fv.>tween four hreedc: <White leqhorn. Australorp, and the 
two recinro<::1l croso;cc;) with three levels of protein (1 5. 
I I rinrf 9 per cent.) in the rntion. The results nre still 
nntfrT <•ati~t icnl an:ilysi-; hur do not appear to inoicalc 
ttionifknnt inlcr~ctions. The decline in egg production nt 
thP lnw,.qt lrvel o f protein intake wa-; comparable in each 
nf the four hrceds. 

• 

• 
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A series of experiments was commenced in which the 
amino aciu requirements of these four breeds will be 
stud ied by feeding rations deficient in certain amino acids 
lo growing chicks and observing growth rate aud mor­
tality up to three weeks of age. 

(d) Comparative Biochemistry of Copper.-Investiga­
tion has continued at the Department of Agriculture, 
Perth, of the copper metabolism of fowls and ducks. ln 
the cockerel, evidence has been obtained that copper may 
be excreted from the body mainly with the bile and partly 
thrnugh the caecum; evidence of biliary excretion was 
also found in drakes but data from the analysis of caecal 
contents was difficult to interpret Some preliminary 
experiments with mice showed that, like most animals 
other than ruminants, they are able to restrict liver storage 
of copper when it is fed in excess of usual amounts. 

(e) Plant Poison Studies.-This work has continued at 
the Animal Health Laboratory, Melbourne. 

( i) Plants Containing Pyrrolizidi11e Alkaloids.-Investi­
gation bas continued of tl1e pathology of acute and 
chronic poisoning in rats by the pyrrolizidine group of 
alkaloids, principally those from the plant H eliotropium 
e11ropaeum which causes losses among sheep. The disease 
process set up in the liver by a single subletbal dose of these 
alkaloids is a progressive one and, given sufficient time, 
it will cause liver changes similar in nature and degree 
to those produced by repeated doses. Other alkaloids of 
the group, with only a minor difference in ring structure 
of the molecule, have produced no liver damage even 
when given in repeated doses over long periods. 

(ii) Other Plants.-Toxic extracts of Atalaya hemi­
glauca have been further purified, with the aid of toxicity 
tests in small animals, but the toxic principle has not yet 
been finally isolated. Further long-range experiments with 
the pure alkaloids of Lupi11us varius L. have yielded no 
evidence that they are capable of causing liver damage. 

(f) Trace Element Studies in Western Australia.-The 
resulL~ of surveys made in co-operation with the Western 
Australian Department of Agriculture over a period of 
more than 10 years and covering an area in the extreme 
south-west of the State have been prepared for publication. 

(g ) Gro111th of the Marsupial Trichosurus vulpecula 
(Sheep Biology Laboratory) .-Observations on the growth 
of the brush-tailed possum (T. vulpecula) and a compari­
son with man, cow, sheep, ant.I mouse have been completed 
at the Sheep Biology Laboratory. 

(fr) Physiology of Reproduclion.- To provide a sound 
basis for stud'ies on the fertility of domestic animals, 
especially sheep and cattle, physiological work has been 
undertaken on reprod'uction in rats and mice. Special 
attention has been given to the phenomena of ovulation, 
sperm transport and facilitation in the female genital tract, 
the processes ·of fertilization, and factors influencing early 
pre-natal mortality. 

12. ANIMAL GENETICS. 

(Animal Genetics Section.) 
The Animal Genetics Section aims to investigate the 

possibili ty of applying genetics to animal breeding and 
al lied fields and to train students interested in this subject. 

Two M.Sc. students and one Ph.D. student have com­
pleted their training and one honours student has begun 
this year. A post-graduate student from America has 
been accepted. Four students arc studying for the Ph.D. 
degree. The coune of l 0 lectures on animal breeding 
given to veterinary students !Jas been taken. ovc~ by a 
former student of the Section now lectunog in the 
U uiversity. 

(a) Genes ancl Chromosomes and other Granules.­
Mutation rate in, D. melanogaster bas been shown to 
decrease \l/ith rise in temperature when the effects of age 

of male and time of storage of sperm are removed. T he 
n:lationship holds for temperatures between 15 and 30° C. 
The suggestion that a longer developmental time increases 
mutation rate appears to be untrue. The negative associa­
tion of mutation rate and temperature is contrary to most 
assumptions and to the idea that mutation rate is propor­
tional to thermal activity. 

Selection for a reductio11 in the number of abdominal 
chaetae in D. melanogaster has resulted in the fixation of a 
gene in at least two lines which removes the abdominal 
bristles almost completely. The way in which the gene 
made its appearance shows that it was present in the 
original stocks from which the selection lines were started. 
The shift in genotype due to selection appears to have 
made a background against which a previously harmless 
gei:e has become highly effective. In addition to its effect 
on bristles the gene causes sterility. 

Interaction of genes affecting bristles has been shown 
for the scute gene in D. melanogaster which removes some 
bris tles and for the hairy wing gene which adds extra ones. 
The genes are very closely linked, and crossing over is 
unrecorded; however, a supposed crossover was isolated. 
rt was HwSc, and when selected for expression responded 
by producing a high proportion of HwSc phenotypes. As 
no crossovers separating the two genes have occurred on 
outcrossing the interpretation is still in doubt. The original 
flies may not have been genetically HwSc. 

The double embedding method of preparing sections for 
electron microscopic study has been used to treat sections 
after excimination with ribonuclease and desoxy­
ribo:.uclease and proteases. This has enabled iron to he 
established as a nucleic acid stain and phospbotungstic 
acid as a protein stain. Tbe nucleus is filled with filaments 
composed of a desoxyribonucleic acid core and a protein 
sheath. The protein sheath strips off when antibody or 
virus is being formed. When antibody is being formed the 
nucleus loses its unifo;:m appeara:lce, and aggregates of 
dense material accumulate at the periphery. The mem­
brane of the endoplasmic reticulum in the cytoplasm 
becomes dilated with secretion which is expelled, possibly 
through pores in the cell membrane, with which the 
membranes of the reticulum are continuous. The denuded 
nuckar filaments appear to elaborate ribonucleoprotein 
grnnules which pass out of the nucleus and become 
nrrar.ged a:ong the membranes of the endoplasmic 
r eticulum. 

Cells infected with and synthesizing influenza virus 
undergo similar changes. Dense clumps rich in ribonucleic 
acid (R~A) which are a tangle of filaments pass into the 
cytoplasm moving towards the cell membrane, where they 
protrude into membraneous evaginations which constrict 
cff liberating virus particles into the intercellular spaces. 
The particles have an RNA protein core which is made 
of a tangled filament of about 50 A in thickness. The 
length can be calculated as approximately 1.5p .. 

(b) Myxomatosis.-The size of the population of 
rabbits being selected for resistance to myxomatosis bas 
increasecF rapidly. The use of Uriara virus as a challenge 
has m;.ide selection for resistance much easier. The most 
forward ger.erations now have a recovery rate of 20 per 
cent. when cballcnged with KM13, and 67 per cent. when 
challenged with Uriara. This results from the equivalent 
of two to two and a half generations of selection on both 
sides of the pedigree. There is a marked seasonal variation. 
Despite heating in the rabbit house, survival drops to 6 
and 25 per cent. respectively in the winter. A small 
colony of wild rabbits, offspring of known survivors in 
the field, has been started. 

(c) Serology.- Correlation of response by rabbits to 
antigens of different kinds shows that the degree to which 
a rabbit responds to one antigen is, in general, not a good 
guide to the way in which it will respond! to others. There 
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is s~me general correlatlon which suggests that some 
rubbns are overall better at antibody production than 
others. The closest correlations folllld were between 
respons~s to influcnzn virus mel nnd Ice antigens. Tbis 
correlt1tlon was more than 0.90. There was a high 
(~.50-0.60) correlation between response to tobacco mosaic 
virus and mel or lee. l t follows that in the .ibsence of 
further evidence there is no ccrtnioty that a new virus 
effective \:lo rabbits never exposed to myxomatosis, would 
be able to cope with a population selected to live with 
myxomatosis. Attempts at selection of new vi.ruses for 
ftelu use will be approached with th.is in mind. 

Anaplaylnxis.-The heritability of anapbylactic sensi­
tivity t'o bovine p1asma albumin is high (0,92). 

(d) Mica.-The work on the induction of phenocopies 
by X-radintion has reached the conclusion of the initial 
phnse, and shows that the uetermination of simple develop­
mental structures such as the facial vibrissac does not 
differ in the time range of its sensitivity to rad'ialion from 
tha1 of more complex structures. Further work is being 
commenced to examine the relationship of sensitivity to 
the detailed sequence of initiation of vibrissae, and is 
aimed at determining whether phenocopies are the result 
of death nt critical cells, or of trn:-.sformations of develop­
mental potential. 

Work on selection for an invariant character l1as been 
continued nnd extended, and demonstrates that the 
inval'in11ce can be destroyed by selection io the !>resence 
of mutar t genes. Various experiments :ire determinfog 
the genetic variability of individual whiskers. 

A survey bas been completed of the incompatibilities 
to skin gra fts between sib lines of inbred strains. Two 
sib lines have been found to show such incompatibility, 
which in~icntes that the number of genes controlling skin 
graft incompatibility, although large, is only a fraction of 
the total genotype. This survey is bei11g repeated and the 
two incompatible sib lines are being investigated in more 
detail. 

(e) S/LL/AC.-'Ibe SlLLlAC, an automatic electronic 
digital computer, has been used in the simulation of 
genetic systems. The first analyses set the machine to 
simulate the processes of segregation, recombination, 
reproduction, and selection in populations mating at 
random within the selected parents. Tbe genetic system 
was of six loci. It was shown that in such a system, 
recombinntion bad no qualitatively detectable effects at 
values greater than O.O'S, but that qualitative breaks in 
the rate of advance under selection occur where recom­
bination is of the order of 0.025-0.005. Such breaks occur 
only in small populations. 

The second analyses in progress have as their basis a 
more complex genetic system in which the basic genetic 
system of five loci is the focus of the effects of a dominance 
genotype of five loci, and of two other interaction geno­
types, each of five loci. The result is a mocfel approxi­
mating to the comp1exhy of actual genetic systems. Runs 
with this model have shown that selection agai st extremes 
results in a decrease of any dominance, ant.l an increase of 
interaction, i.e. the deviations due to domin:rnce decrease, 
while those due to interaction increase. The information 
which can be extracted by this method will be co:-: ~idernbly 
extended by I.be addition of a magnetic backing store to 
the SJ LLIAC. There will then be no theoretical limits to 
the size of the population that can be simulated, or the 
size of the genetic system. 

(/) Sweat Glands in Caltle.-The work. of the Animal 
Genetics Section on the adaptation of cattle to hor climates 
is reported in Chapter Vlll., Section 9. 

(g ) Genetics of Sheep.-The work of the Animal 
Genetics Section on the genetics of sheep is reported in 
C hapter VTT., Section 15. 

VI. NUTRITION. 

1. G eNERAL. 

The Organization, early in its development, realized 
lbat nutritional deficiencies impair very seriously tbc 
efficiency of the Australian grazing industry, and so 
founded the Division of Animal Nutrition (now the Divi­
sion of Biochemistry and General Nutrition) to study the 
nutrition of ruminant animals and to determine and 
correct the limitations imposed on the nutrition of grazing 
flocks and herds by climate and terrain. The Division 
has developed into an institute for the study of the 
nutrition of the wool sheep, but many of the results ot 
!ts studies are similarly applicable to the meat-producing 
industry. 

Many applications arising from these st1,1dies have 
already found their way into practice Lo .increase. 
materially the overall efficiency of sheep husbandry. 
Some of these discoveries, for example, those which !cu 
to. a realization of the nutritional importance to plant or 
arumaJ of traces of heavy metals, cobnlt, copper, zinc, 
&c., have been responsible for revolotion;iry chnngcs in 
Australian agricultural practices. 

The current investigations of the Division are described 
in this Chapter, in Chapter JIJ., Section 8. and in Chapter 
VlT., Sections 2-9. 

The Organization's other investigations bearing on sheep 
nutrition are reported on ia Chapters lII., V., and vn. 

Division of Biochemistry and General Nutrition.-The 
research programme of the Division has continued in 
the pattern established in previous years. 

Work has continued at the Division's field stations. At 
Glenlhorne eirperiments arc being conducied on sull 
tolerance and supplementary feeding; a t Robe cobalt and 
copper deficiencies are being investigated; and at Brecon 
and several other locations in South Au.>tralia, trials are 
being made on the cobalt pellets developed to protect 
sheep from cobalt deficiency and phalaris staggers. 

2. NUTRITION AND WOOL PRODUCTION. 

(Division of Biochemistry and General Nutrition.) 

A series of experiments has been begun to provide 
information on the efficiency of utilization of fodder pro· 
tein by high producing Merino sheep. These aim to 
explain the supplementary relationship between the fodder 
proteins derived from the higher plants and the proteins 
derived from microorgattisms within the paunch. 

3. METABOLIC P.ROCBSSES OP SHEEP. 

(Division of Biochemistry and General Nutrition.) 
Investigations are continuing to extend knowledge of the 

way in which matter and energy are dealt with in the 
metabolic processes of ruminants. These studies are im· 
porra nt to the understai:Jding of th.e nutrition of .sheep and 
cattle because lhtle is known o.f the channels throuPh 
which these animals metabolize the simple fatty acids. 
These acids-which arise from the fermentation of carbo­
hydrates in the rumen-are o! primary importance to 
ruminants in providing tl1e greater proportion of the fuel 
from which tbc animals derive the energy necessary to 
sustain their physiological processes. 

Special studies are being mad'e of those channels of 
intermediary rnetabolis~ in_ which the cobalt-containing 
accessory food factor, v1tamm B12, plays an essentinl rok . 
A soundly based understanding of these proce.>se.s is essen­
tial for the recognition and correction of metabolic dis­
orders. fodividual researches that concern these problem$ 
ore referred to in more detail in Chapter VJJ. 

,, 
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4. ENERGY METABOLISM OF THE SHEEP. 

(Division of Biochemistry and General Nutrition.) 
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Studies have continued to provide further knowledge 
of the thermodynamics of the living processes of the 
sheep. The mass spectrograph procured for the deter­
mination of HN/ 15N ratios necessary for an uaderstaod.­
ing of certain aspects of protein metabolism was rebuilt 
and oow is capable of the sensitivity and reliability required 
for these studies. Attention is being given to the calori­
meters and their sub.>idiary instruments 10 determine 
whether a gas-density balance or a thermistor device can 
be used for estimation of the amount of oxygen consump­
tion, in place of the present tedious and exacting direct 
gas analysis. 

The application of the findings of current experiments 
on energy· metabolism to problems of sheep nutrition are 
referred to in Chapter VIT. 

5. MICROBIOLOGICAL PROCESSES OF RUMINANTS. 

(Division of Biochemistry and General Nutrition.) 

Ruminants depend primarily upon the complelt popu­
lation of micro-or<>anisms in the rumen contents. These 
organisms fermen~ the complex carboh.ydrates in the 
fodder to the simple fatty acids utilized by the animal to 
fulfil its energy requirements. They also synthe~ize, from 
simpler substance.>, accessory food ~act~rs essential for the 
animal's well-being. Under certain circumstances, they 
produce important amounts of protein. . 

The Division's researches on the rumen m1croflora are 
referred to in Chapter VII. 

6. SALT TOLERANCE OP SHEEP AND POTABILITY OP 

STOCK WATERS. 

(Division of Biochemistry and General Nutrition.) 

The first series of experiments to provide basic know­
ledge of the tolerance of sheep to bore-waters of var!ous 
degrees of salinity has been completed. ~ c~mb~ncd 

account of the findings from the second senes 1s given 
brieny in Chapter VII. 

7. CARBOHYDRATES AND ST'EREOCHEMISTRY. 

(Division of Biochemistry and General Nutrition.) 

The studies have continued of the stereocbemistry ot 
carbohydrates to illuminate certain functional aspects of 
carbohydrates in living processes. 

As the result of the programmes of studies of the ion­
ophorctic behaviour of carbohydrates and related coI?­
pouods, data are now available for 96 compounds 1n 
four electrolytes. All classes of carbohydrates and ~lyco!s 
likely to be encountered in practice ar~ repr~s~nted 1ll .~s 
series and this work defines the practical utility and lim1-
tation1s of the method. By choosing the appropriate elec­
trolyte it should now be possible to separate the 
components of any mixture of common carbohydrates 
likely to be encountered, without recourse . to p aper 
chromatography. The time required for separations is less 
and the likelihood of positive identification of th.e com­
ponents is greatly increased. Methods for locatmg t~e 
carbohydrates after separation on the paper are now avail­
:ibl ' , ~ntl some of the reagents developed are specific for 
ce i , li-1 classes of carbohydrates. The investigation ~s the 
firH deta iled study of the detection of carbohydrates m the 
prc~ence of inorganic electrolytes. . . 

Some correlations between structure and mobility are 
por, sible which should permit deductions to be made abo.ut 
the rtructure of an unknown carbohydrate from its 
mo'>ility in paper ionophoresis. Attention is now being 
concentrated on this aspect of the problem. . 

,A n ancillary study of papu chromatography has y1el~ed 
furl her data which indicated that R p va~ues of reduc~ng 
sugars and inositals may be correlated with configuration 

if conformational factors arc taken into account. The 
influci.ce o( the size and magnitude of molecular rotation 
on coufiguration are also being studied, and also the iono­
phoretic behaviour of phenols and hydroxy acids. 

8. MINOR ELEMENT 0 CFICICNCIES IN ANIMALS. 

(Division of Biochemistry and General Nutrition.) 

Researches have continued on the nutritional sigoificanct! 
of miu lle traces of heavy metals. Studies of problems 
associated with deficiencies of these elements concern 
specifically the welfare o( grazing animals, and are repor~cd 
elsewhere in this review (sec Chapter VI I.). Those which 
concern pasture d.::velopment arc mentioned in Chapter 
Ill ., Section 8. 

Oesides these applied studies a imed directly at solving 
problems of the pastoral industry, :ittencion is being given 
10 physiological and biochemical studies of a more funda· 
mental nature. 

Nutritional investigations into the functions of coppe1 
in metaholism have been completed. In some of thes<! 
studies rats have been employed as experimental animals. 
The fi::dings have extended knowledge of the infiuence 
that various ions-molybdatc, sulphate, &c.--exert on the 
ab:;orption, retention, and utilization of copper. This work 
acids considerably to the uncferstanding of the mechanisms 
that underlie the condition ot imposed copper deficiency 
of flocks and herds grazing on fodder containing enough 
copper, normally, to meet the animals' requirements. 

A study of the influence of copper on the physiological 
process of kerntinization undcrta~en to provide kn.owle?g<> 
fundamental 10 the understand.mg of the phys10log1cal 
processes of wool productioa is nearing completion. 

Experimental studies arc being uncfcrta~en of . the 
influence of vitamin 8 12 deficiency on 1he mtermedmry 
metabolism of acetic and propionic acids in search of the 
metabolic lesion im~oscd in ruminants by cobalt deficiency. 

The influence of zir c deficiency on the rate of protein 
turnover in the rat is being investigated in the course ot 
studies of the metabolic effects which siipervene on zinc 
deficiency in animals. 

9. VITAMIN B 12 ANO COBALT METABOLISM. 

(Division of Biochemistry and General Nutrition.) 

Research has continued to provide knowledge necessary 
for the detection and correction of cobalt deficie&cy io 
crazing ruminants. 

Detailed investinations are in progress of the nature of 
the metabolic lesi;ns induced by cobalt deficiency, which, 
in turn, involve study of the physiological processes 
supported by \'itamin B12 and by folic acid. 

Current experiments have taken two main courses, viz., 
phvsiological studies in which intact animals (sheep mostly) 
ar; employed, and biochemical studies in which tissue 
preparations are studied in vitro. Both approaches have 
yielded important information. The former has proved 
that 1he cobalt deficient animal loses its ability to utilize 
fattv acids at a normal rate, and the latter bas indicated 
thai homo,,enates prepared from the livers of deficient 
sheep a rc ~nablc to meta~oliz~ propi~ni~ acicr. Thc~c 
studies have indicated the h: k m the c.1am of metabolic 
processes that fails in v.itamin n,~ .deficiency. and. the 
association of thi!: link with the funcllon of follc acid. 

Applications to several problems. of cobalt deficiency in 
grazing ruminants are referred to in Chapter VI I. 

10. P LANT NUTRITION. 

(Division of Biochemistry and General Nutrition.) 

The physiological study of the function of zinc in plar.ts 
and of 1he !lnatomical lesions that supervene when pasture 
species become zinc deficient has been continued. A brie( 
prccis of the findings is reported in Chapter JU., Section 8. 
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1 l. PROVISION OF COBALT TO RUMINANTS BY HEAVY 

P ELLETS. 

(Division of BiochcmisLry and General Nutrition.) 

This work i'> described in Chapter VII., Section 7. 

12. NITROGEN SUPPLEM.ENTS FOR SHEEP. 

(Division of Biochemist ry and General Nutrition.) 

Th is work is described in Chapter VII., Section 8. 

VII. SHEEP. 

1. G ENERAL. 

A u«trnlia produces one-quarter of the world production 
of wool of all types, and more than half the world pro­
duction of fine wool. The sheep population of Australia 
is approximately 150 million. The sheep therefore holds 
a unique position in the Australian economy. Wool is our 
major export, and primary products from the sheep 
industry such as wool, lamb, mutton, and hides comprise 
up to 45 per cent. of a ll Australian rural production. 
The sheep, too, allows of the use of vast areas of margii:al 
fond which it has not so fa r been practicable to use for 
other purposes. 

Thus Australia has a vita l interest in ensuring that wool 
can withstand competition from artificial fibres. The 
remarkable success of the latter has been due to the clear 
unders tanding, arising from research, of the physical and 
chemical properties of the new fibres. Moreover, the 
chemical indus try established to prod'uce them is planned 
as a co-mdir.a ted and organized unit, which ensures 
maximum efficiency and m inimum wastage at all stages. 

It is a m ajor aim of tho Organization's integrated 
programme of research .in a id of the wool industry to 
investigate every phase of sheep and wool production; soil, 
pastures and nutrition, genetics, animal husbandry, wool 
processi .g, textile m:mufac t.ure, :ind the exploitation of 
by-products . The Organization has been given responsi­
bility by the Commonwealth Government for carrying out 
this extensive programme, and special funds have been 
set aside for this purpose. 

Soil fertility is obviously of prime importance, and' out­
standing results have been achieved in improving soil 
infertility arising from minor element deficiencies. On the 
plant side, too, special emphasis has been placed on pasture 
improvement and weed control. The work of the Organiza­
tion on soils, pastures, and related matters affecting the 
pastora l industry is car ried out by the Division of Soils, 
the Division of Plant Tndustry, and the Division ot 
Entomology (see Chapters 11., ill., and IX.). 

Work on the sheep itself has been undertaken within the 
Division of Animal H ealth and Production (see Sections 
10-19 and 2l-22 of th is Chapte r) and1 the Division of 
Biochemistry and General Nutrition (see Sections 2-9 of 
this Chapter). The Division of Mathematical Statistics 
is closely associated with the breeding investigations. The 
Animal Genetics Section's work on sheep breeding is 
described in Section l 5 of this Chapter, and that of the 
Division of Entomology on the sheep blowfly in Section 20 
of this Chapter. 

The Organization's work in the investigation of wool 
processing and wool textile problems is undertaken at the 
Wool T extile Research Laboratories and the Division of 
Industrial Chemistry (see C hapter XVI.). 

2. NUTRITION AND WooL PRODUCTION. 

(Division of Biochemistry and General Nutrition.) 

The study of keratinization initiated by the discovery 
of the important role played by copper in wool production 
has been continued. Various degrees of copper deficiency, 
absolute ancf imposed, have been produced in a series of 
Merino sheep; a series of histological and histochemical 
qtudies have been made on their wool folJicles, and now 
a comprehensive chemical s tudy _is being made on the wool 
grown at various stages of deficiency. 

Study has been made of processes of pigmentation, ano 
of the effec ts of copper shortage on them, to gain know· 
ledge of the chemical reactions that occur during the 
production of wool within the follicles. 

Studies of the interrelationships between energy meta­
bolism and protein turnover, delayed by faults in the mass 
spectogrnph, are again proceeding. 

The aim of the work is to discover the nutritional and 
physiological factors responsible for the relatively low 
efficiency of the conversion of fodder protein to wool 
fleece, ar.d to improve this efficiency. These experiments 
are closely associated with studies of the energy metabolism 
(see Section 4 of this Chapter). 

3. MICROBIOLOGICAL PROCESSES OF R UMlNATION AND 
FUNCTIONS OF F ORESTOMACHS. 

(Division of Biochemistry and General Nutrition.) 

(a) Passage of Digesta through the Sheep's Fore­
stomachs.-By application of the lignin-ratio technique, 
the extent of digestion of cellulose, pentosans. and total 
solids in the rumen, omasum, and abomasum was deter­
mined in sheep fed on several well-defined diets. Only 
well-digested material was found to reach the omasum and 
abomasum, even during the period immediately following 
the ingestion of fresh fod'der. This selective conveyance 
of substances from the rumen made it clear that digestion 
of nutrients may be measured only in material which has 
actually left the rumen. The data showed that the extent 
of digestion of cellulose in the rumen varied from about 
30 per cent. in one diet comprised mostly of highly 
Jignified material, to more than 50 per cent. for lucerne 
hay. Digestion of the pentosans and of the total solids 
in both diets ran a closely parallel course. 

Work has continued on the passage of nitrogenous 
compounds through the forestomachs. The proportion of 
the ingested nitrogen that reached the abomasum and 
duodenum was nearly 100 per cent. when the sheep was 
fed on wheaten hay (nitrogen, 1.1 per cent.) but only 48 
per cent. when the sheep was fed on lucerne hay (nitrogen, 
2.9 per cent.). Study of the nitrogen/lignin ratios in the 
compartments of the forestomachs throughout the day 
suggested that the balance was absorbed from the rumen. 

(h) Distrih11tio11 of Nitrogen in the Rumen Contents.­
The fact that diaminopimelic acici is present in the rumen 
flora and is absent from the hiµher plants and from the 
Tllmen fauna was used as a basis for assessing the amounts 
of bacterial nitrogen present in mixtures of plant and 
microbial nitrogen in the rumen contents. 

Estimates of the proportion of bacterial nitrogen in the 
total nitrogen indicated that, throughout the day, the pro­
portions varied between 63 1lnd 82 per cent. bacterial 
nitrogen, 11-27 per cent. plant nitrogen, and 5-10 per cent. 
soluble nitrogen. The extent of conversion of plant 
nitrogen in the fodd'er to microbial nitrogen is not 
necessarily indicated in these distribution patterns, since 
the material leaving the rumen differs in composition from 
that remaining. The figures for conversion to bacterial 
nitrogen indicated above appear to be minimal. Experi­
mental determinations of similar distributions of the 
nitrogen in the contents of the omnsum that are now 
being carried out should allow this important estimate to 
be made, together with a reasonable estimate of protein 
quality for ruminants. 

4. ENERGY METABOLISM OP SHEEP. 

(Division of Biochemistry and General Nutrition.) 

Determinations were made of the heat production and 
overall energy metabolism of vitamin B12-deficient animals 
to study the nature of the metabolic breakdown that occurs 
in cobalt deficiency. 
. Microcalorirneters have b(;'en cons~ructed ancF investiga­

tions have commenced of the energetics of fermentation of 
cellulose, &c., by rumen organisms. 
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Instruments nre being designed which may simplify the 
estimations of lhc ox.yge.o consumed by the sheep, and the 
possibility is being examined of employing a gas density 
balance and subsidiary gear for metering l:be gas deficit. 

The remodelled calorimeters wm be employed for a 
comprehensive sLudy of nutrition and wool production (see 
Section 2 of 1his Chuprcr). 

5. CARBOllYOll.\TB ?.lETAllOLISM 01' THE SHEEP. 

(Division of Biochemistry and Ocoeral Nutrition.) 

Studies have continued of the utilization of carbo­
hydr:ites and ot 1he volatile fatty acids by adult sheep and 
by young lambs, ro investigaLe the metabolic differences 
between mature and you11g ruminants. 

Very young Jambs deal with acetic acid' wjth extra­
ordino.ry ~se. After injection, acetate is disposed of by the 
roung lamb at least twice as inst as by tbe adult sheep. This 
phenomenon is being slut.lied further as il appears of basic 
importance 10 the undcrstandi11g of lhe subsidiary paths of 
metabolism developed by adult rumin:rnts. 

ln investigations into the utilization of carbohydrate, 
histological e.tuminations are being made of the pancreas 
of young lambs and adult sheep. Tue insulin-producing 
cells of lhe islet tissue can be clearly demonstrated by 
methods employed for examination of the pancreatic tissues 
of non-ruminaot animals. As the animals mature the p 
cells can be stained only with difficulty-modification ot 
fixation and staining techniques is necessary. 

The production of bncmoglobinuria by certain pro· 
prietary preparations of phenobarbital utilized as an 
c1nacstbctic was observed and the reason traced to the eliect 
of propylenll glycol incorporated in the anaesthetic solution. 

6. MINOR BLEMENTS IN nm NUTRITION OF SH.ESP. 

(Division of Biochemistry and General Nutrition.) 

With the growth o! knowledge of the maladies that 
supervcn~ on shorlngcs of minor elements it has become 
cleor that the extent o( areas that arc affected in this 
way is very much greater than was considered probable 
when, in tbc earlier stages of the investigations, the studies 
were confined to terrain known to be seriously deficient. 
Disnbili ties imposed by deficiency of cobalt extend from 
the fatal. easily rccogniznble wasting malady suffered by 
rumioanis confined to particularly affected areas, to milder 
deficiency stages, io which the condition is one of poor 
health rather 1han or ou1righl disease. Seasonal disabilities 
imposed on grazing flocks and herds by these latter con· 
ditioos which occur over very wide areas and seriously 
limit production talce a greater toll from the grazing 
industry lhan resulted from the clearly deficient stales 
before these were recognized and corrected. Easy and 
precise means of recognition of these incipient deficiency 
states are lhus of more 1ban theoretical interesl 

Studies of lhe requirements and storage of vitamin B1:t 

by Merino sheep have indicated lhat the extent of storage 
within the liver may be taken as a reliable criterion ol 
tile overall vitamin B 12 status of grazing ruminants, and 
that the amount of lhe vitamin circulating in the blood 
strenm probably reflect'> the cobalt status of the pastures 
at the time when the somp!e is taken. Thus a means is 
now available of assessing by surveys the seasonal dis· 
abilities imposed by shortages of cobalt in the fodde1 
available from various types of grazing lands in Australia. 

Prepararions arc being made for a comprehensive 
survey of this nature, to assess seasonal variations of the 
cobalt and copper status oi Jlocks grazed under a wide 
variety of conditions throughout two or possibly three 
yet1rs. Very large numbers of microbiological assays 
will be involved. The equipment necessary to baoclle op 
to l ,000 vitamin B1:? assays each week. utilizing the "Z" 
strain of Euglena gracilis, has been assembled and the 
details of the methods arc being worked out. An officer 

will be seol abroad to acquire knowledge of manipula-
1ions employed to ensure reljablc results when large num­
bers of microbiological assays are cnrried out :is a routine. 

The proposed surveys which will show unequivocally 
whether supplementary supplies of minor elements are 
needed wiU be awaited with interest now that simple and 
Jirect means are becoming available to deal with these 
de1icicncies. 

(a) Cobalt Deficiency itt R11mi1rants.-lnvestigation of 
the metubolic uisturbnnces that supervene when ruminants 
sulter a shortage o! cobnlt bas been intensified. Cobalt 
deticieocy influences primurily the composition of the 
mixed population of symbiotic micro-organisms which 
inhabit the paunch by Jim11ing the development of those 
which produce vitamin Bl!l. Associated with the vitamin 
B 1 ~ deficiency which ensues is a shortage of folic acid, 
which becomes especially npparenL in long-standing cases 
of cobalt deficiency. This secondary deficiency that 
appears when the sheep's fodder is seriously short of cobalt 
has been rendered upporcnt by the study of tbe folic acid 
concentration in the liver. When tbe eoncentra1ion o( 
vitamin B1:! in the liver becomes reduced to relatively 
low levels (c. 0.214g.I g.) there is an nssoc.iated sharp fall in 
lhc cooccntJ':.ilioa of folic acid (nnd of the nssociatc<.I 
form, folWc acid). 

A study of the capacity of the cobalt deficient sheep 
10 deaJ wjth the sin1plc volatile fatly acids, which com· 
prise its main source of fuel, has revealed two types of 
metaboJjc disturbll!lccs, one in which the rates at which 
proprionate, acetate, and glucose arc metabolized are all 
markedly depressed, and one in wh.ich only tbc rate of 
metabolism of propionnte is retarded. The former condi­
tion reverts to the !niter after parenteral injection of 
generous nmollnts of folic acid. 

Experiroeots i11 vitro with homogenates prepared from 
lhe livers or normnl and of deficient sheep have confirmed 
the inability of the vitamin Bl:.!·delicieol Lissues lo meta· 
bolize propionlc acid anc.J h(lve iudicuted the point al which 
the metabolic breakdown occurs. 

Further studies of the nature of I.he volatile and noo· 
volulile acids that accumulate in the blood steam ol 
cobalt-deficient nnimnls have been mnda and have pointed 
the way to the metnbolie lesion that supervenes on the 
deficiency. Appropriate techniques involving gas-liquid 
partition chromatography and partition chromatography 
on silica columns have been developed, nod current micro­
chemical means of cstimuting ,B-bydroxybutyric acid have 
been invcstigtucd and improved Lo render them suitable 
for the requirements or these investigations. 

Ch) Coppl!r Dcficie11cy in Ruminanrs.-KnowJedge of 
lhe £actors tbnt influence the uLiJizarion of copper by 
grazing ruminants indicates that a deficiency slate within 
lhe tissues. can r.csult from either a shortage of copper 
per se available m the fo<.lder, or from complications in 
the :ihsorption :ind utilization of copper brougbl about 
by excess of certain other clements present in t11e fodder 
which otherwise co.ntains sufficient copper to meet the 
animal's requirements- hence the terms "absolute" and 
" induced " deficiencies. 

One of the factors of prime importance to the absorp­
~ion o! copper by ru~nionnts is lho amotml of sulphnlc 
in theu· fodder-for in tho strongly redueillg conditions 
within the rumen sulphate is converted to hydrogen sul­
phide which re<1cts with ionized copper to form the very 
refractory copper su lphide wbicb is nc.ither decomposed, 
nor absorbed nt lower levels of rhe intestinal tract. 

Complication o( copper metabolism witb.io the tissues of 
rumina?ts (sheep) and of omnivorous animals (rats) by 
other 1ons-:molyb~atc, &c.~a~ been the subject of 
further studies which have 10d1c:iled the physiologic."11 
mechanisms thnl become imp:.iirecf. 

Studies of the effects that a deficiency of copper imposes 
on wool production nrc rcponed in Chnpter VI., Section 1. 

1 
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7. PROVISION OF COBALT TO RUMINANTS BY HEAVY 

PELLETS. 

tDivision of Biochcmist1y and General Nuu·ition.) 

Research has continued with heavy objects, contrived to 
stay within the forelitomachs and provide the modicum of 
cobalt necessary to ensure that all the microfiora's require­
ments for this element are met. 

Two factors are of the prime importance if the pellets 
are to s tay in the reticulum and tbe rumen, viz. the density 
of the pellet and 10 a lesser extznt its size. Steel pellets 
(sp.gr. 7. 7) have not been Jost by regurgitati~n under any 
of the conditions studied, whereas a very considerable pro­
portion of pellets of sp.gr. 2.7 an.cl 3.5 have been rejected 
unJe1 identical grazing conditions. Pellets of sp.gr. 4.0 
are lost in some circumstances, but to a much smaller 
extent than those that arc Jess dense. 

'fhe deposition of a coocretionary .Jaye~ ·of ~alc~um 
phosphate on the pellets. is a f~c.tor which 1.s particularly 
troublesome under certam condtt1ons~cspecially so when. 
pellets are adminstercd to young lambs ~bat are st.ill 
suckling. lo these latter circumstances deposits may begin 
within a week or so :ifcer the pellets have been administered. 

Tne eflective life of the pellets produced commercially 
by sligbl modifications of the specifications iaid down by 
this laboratory is seriously limited in certain circumstances 
by these deposits, which, incidentally, tend similarly to b::: 
laid down on pellets of entirely differem composition. 
Besides this, certa in pellets, particularly those to which 
alk:iline silicates have been added during manufacture and 
which have been baked a t high temperatures, tend to cease 
to give up cobalt after remaining for a period in the rumen. 
Direct observations of experimental sheep on cobalt 
deficient terrain have shown tha t the capacity of such 
pellets to provide the necessary amounts of cobalt to pre­
vent vitamin Bi·> defici ency ceases after about a year, and 
that some pellets no longer protect sheep against phalaris 
staggers after a period of 12-15 months. . . 

The underlying reasons for these comphc:it1ons arc1 

being investigated, and it is already cl~ar th~t DO\~ . that 
they are better understood these properties which mitiga te 
the effectiveness of the pellets may be overcome. 

Smooth heavy objects th:it lodge in the rumen _and 
it?ticulum are well tolcrnted, and it is reasonable to believe 
that it will be possible to contrive hea~ objects w~ich will 
remain in the forcstomac hs and provide the requirements 
of the rumen microflora throughout the natural life of 
the animal. As the influence of variables met with under 
fieh.l condition·s takes time to assess, it may be a year or so 
before the ideal pellet is produced. 

8. N ITROGE:-IOUS SUPPLEMENTS FOR SHEEP. 

(Division of Biochemistry and General Nutrition.) 

Experiments to determine wheth~r the useful. protein 
of silage might be incr.:ascd e~onomically . by addmg ~~ea 
or other simple sources of mtrogen durmg the ensiling 
process have now been concluded. . 

About 75 per cent. of the urea is hydrolysed to am:1'1001a 
and only a very small proportion co~verted to. protem. 

F eeding tests indicated' that no difference m the food 
value resulted from urea treatment of the sila~e, the 
criterion being body weight and wool produc!IOil of 
matched groups of sheep that were confined to the respec­
tive silages for a pcriou of 6 weeks. Anoth.er gr~up, 
which received the control silage plus the protein equiva­
lent of the nitroge n. added originally as urea, produced 30 
per cent. more wool. Th~s no adva~~age is likely to be 
gained by adding urea during the ensihng process. 

9. SALT T OLERANCE AND POTABILITY OF STOCK WATERS. 

(Div i~ion of Biochern i~try and General Nutrition.) 

Sodium chloride in the drinking water for stock bas 
been partia lly replaced hy sodium sulphate. No un.towarJ 
effects have been observed in many of the expenmental 

sheep whose sole source of drinking water for the pasl year 
has contained 0.1-0.5 per cent. sodium sulphate imposed 
upon 0.9-1.2 per cent. sodium chloride. 

The indications are that sheep may be C<>ofined to 
waters containing up to 0.9 per cent. sodium chloride 
plus 0.5 per cent. sodium sulphate without harmful 
effects, even when on dry feed. 

JO. METABOLISM AND NUTRITION OF SHEEP. 

(Division of Animal Health and Production.) 

(a) Preg11<111cy Toxaemia Investigations (Sheep Biology 
Lahoratory).-Furtbcr evidence has been obtained on the 
critical role of the adrenal cortex in pregnancy toxaemia; 
the presence of elevated plasma bydrocorlisone levels in 
~1ffected ewes has been confirmed; observed metabolic 
ab11orrnalities are completely consistent with the hypothesis 
that severe adrenal hyperactivity in. hypoglycaemic, under­
nourished ewes precipitates the clinical syndrome. 

In the light of recent work, the hypothesis that sudden, 
complete fasting is alone sufficient to induce the disease 
has been abandoned. The probable role of environmental 
(e.g. climatic) stresses has been insufficiently apprecfateJ; 
undernourishment in ewes in late pregnancy is much more 
common than generally realized; such undernourishment 
predisposes the ewe to pregnancy toxaemia, which is 
actually precipitated by an environmental stress; pre­
liminary experiments in climate-controlled rooms have 
shown that adrenal hyperactivity in response to th.:: 
climatic stresses of wet, cold, windy condi tions is vastly 
greater than that which occurs in response to the hypo­
glycaemia of complete fasting. Undernutritioo. may pre­
cede environment stress or may occur as a result of it 
(i .e. simultaneously). 

The conditions under which glycerol is therapeutically 
effective are now well-defined; it is effective only when 
given in early pregnancy toxaemia in.due.eel in previously 
well-nourished ewes; it is completely ineffective in ewes 
severely undernourished for some time before the onset 
of the clinical syndrome. 

The effect o( climatic stress of pregnant ewes is being 
studied under controlled, laboratory conditions, together 
with the effect of un.dernutrition on the metabolism of 
hydrocortisone, an~ of the metabolic effectiveness of 
adrenal-depressant drugs. 

(b) Digestion in tlte Rumen.- Work bas been started 
on several aspects of digestion in the rumen. The use of 
" rumen markers " to measure the rate of flow of liquids 
imd particles through the rumen has been examined; goo:! 
results have been obtained with polyethylene glycol 
(originally desc.ribed ill Sweden) and with radioactive 
barium sulphate containing either 358 or 140Ba; radioactive 
chromium (GICr) as the complex with ethylenediaminete 
acid is being tested. An artificial rumen is being con­
structed to facilitate studies under controlled conditions 
in vitro; the rumen microorganisms will be maintained 
in a flowing system with continuous dialysis and samples 
will be automatically withdrawn for analysis. The nutri t ion 
of rumen microorganisms, and the rate of passage of 
ingesta along the digestive tracts are being studied. The 
growth rate (and hence, protein synthesis) of organisms in 
the rumen is especially important; an attempt is being 
made to measure this synt hesis by exploiting the incorpora­
tion of radioactive sulphur (3r.s) in microbial proteins 
during growth. 

( c) Nitrogen Metabolism in the Sheep's Rumen.­
Experiments have been initiated to investigate the rumen 
nitrogen metabolism in the special cases of sheep 
maintained on low nitrogen intakes or receiving grain 
supplements as in drought rat ions. Previous work bas 
shown the importnnce in the rumen of ammonia nitrogen 
derived from fodd er proteins, non-protein supplement~, 

or salivary urea. Conclus ive evidence has now been 
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ObtaineJ that Ure:\ uiffu CS freely into the rumen from 
the- blood litrcam ant! thereby contributes ammoni:i 
- itrogcn after microbial h}drolysis; the magnirude of this 
d11Tusion 1s br ing me:iliured. Simuhancous studies on 
ammonia nt-sorrtion. rate ot tlow of rumen ingesta. and 
•a,.: of fermentation o( cerc:il meals wiU provide informa­
uon to a id the formulation of diets in supplementary and 
drought fccdmg. 

(d) Protein Metabolism in Slietp.-The synthesis of 
microbial proteins in the rumc, tends to obscure the 
nmritio 1al requirements of the host ruminant for amino 
ac:lls. Experiment:. tllilizing rauiouctive cnrbon as (l-11C) 
ncctute injected intravenously, indicate that the sheep needs 
the c;nme group of :imino acids which have elsewhere been 
shown to be essential for man, mt, and bovines. 

(e) Appclitc.-On diets of chnlkd Wimmera ryegruss 
i.traw, chuffeJ wheaten straw, chnffcd whenten h ay, luccroe 
chulT, or equal part~ chalT and cracked maize, the daily 
addition of n qu:intity of the ration per fist11/am resulted 
in a corresponding rctfuction in the quantity of feed 
voluntarily consumed. which SUS£!CSts th3t factors other 
1han pa la1ab1lny 3rc lurgel) responsible for feed-intake 
regulation. The rntc of pas!.age of straw through the 
a!Jmentary trnct hos been fou r d to be slower than rates 
reported for b.:tter-quahly rough~gc. Although publisl1ed 
data inclicate th3t rate of p3ssage and feed consumption 
may vary according lo the st:ite of subdivision of the feed, 
it was found th3t the consumption of wheaten hay was 
the ame "hcthtr offered as ground m:iterial or as chaff. 

l I . 0ROUGllT FEEDING. 

(01v1s1on of Anim31 Health :ind Production.) 

Drough1 feeding experiments with sheep have been co:i­
linucd in collabor3tion with the New South Wales Depart­
ment of Agriculture at the Veterinary Research Station. 
GlcnfteltI. Fin:inciul suppon wns again provided by the 
New South Wttlcs Gruiicrs' Association from lhe Burdekin 
Bequest Fund. 

(n) Utili:arion of low-quality Rougltage.-fu the fifth 
experiment on this aspect of drought feeding, groups of 
two-tooth Merino ewes und wethers were given free access 
to n bas:il ration o( chulTcd wheaten straw containing 2-5 
per cent. crude protein, plus nitrogen supplements at twicc­
wcekly intervals in the form o( high protein meals. lucerne 
chaff, or wheat or o:its plus urea. Satisfactory perform­
ances were achieved after 22 weeks under yard conditions 
wilh young Mcri1:0 sheep when the roughage was supple­
menled wilh nitrogen m the form of p3latable protein 
concentrate . or as urea plus high-energy low-protein con­
centrates such as wheat or oats. The mode of action of 
these supplements is being investigated io metabolism 
cages. 

The sixth experimenl has been designed to assess the 
effects of roughage quality on performance and to invesli­
gnte further the value of urea as n nitrogen supplement. 

( b) Tire lnf/11tncc of Plane of Nutrition on Breeding 
Per/ ormance of Merino Ewes.-The performance of two­
root h Merino ewes during pregnancy and lactation is being 
stud ied at two levels of energy and two levels of prolein 
intnkc, namely, 4 :rnd 6 lb. s1nrch equi valent and 10 and 
16 per cent. crude protein. The higher level of 11itrogen 
inloke is being provided by lhe addi tion of urea to the 
basnl ration which contains I 0 per cent. crude protein. 

(c) Early Weaning of Merino Lambs.-Data have beeo 
collcctcd from four properties in the field on the survival 
rates. body weight changes, general performance, and 
plasma v1tomin A levels of representative groups Crom 
approximately 4,000 Merino Jambs weaned at 9-17 weeks 
of at?e. The results have demonstrated the success of 
ca1 ly- weaning in the fich.I under severe drought conditions 
anJ h:nc confirmed earlier experimental results in small 
y:inb. 

12. Tox1crrv OP l..ARoe RATIONS OP W.l::lEAT. 

(Division of Animal Health and Production.) 

Allempts were mode to reproduce the condhion by 
increasing the water activity of lhc ruminal conterus, by 
means of high concentralions or polyethylene glycol 4000, 
lo levels comparable with those found after wheat gorging, 
nnd by combinir.g this with high concentrations of lactic 
acid. Plasma volume was lowered 20 per cent. by thh 
means, blood lact3tc rose to 85 mg/JOO ml, and blood pH 
fell to 7 .12; but death did not ensue. However, since in 
the whcnt-gori~ing syndrome plnsma volume commonly 
dccl"eases 40 per cent. these experiments do not necessarily 
di!>prove the hypothesis that lhe condilion is due to n 
combination of osmotic dehydration and alimentary 
laet:icidosls. It was found that salivary secretion virLuaUy 
ceased 6 hours after wheat gorsing. The study of the 
role of the spleen ns a reservoir of red cells in sheep, 
which was stimulntcd by anomalous increase of haerno­
conccntrntlon during the course of the wheat feeding 
syndrome in intact sheep, was concluded by experiments 
with red cells labelled with radioactive chromium. 

I J. lNPERTILITY AND PllYSIOLOGY OP R EPRODUCTION. 

{Division of Animal Health and Production.) 

(e1) Effect of N111ritio11 during Pre-mating and Mating. 
- At the Rcgion31 Pastoral Laboratory, Armidalc, a total 
of 400 fi- e-wool ~lermo ew~ were fed either a low or a 
h1(;h level of legume chaff and oat grain for 8 weeks 
before and 5 weeks during mating. Half the ewes in each 
group were switched to the opposite treatment after 6 
weeks, i.e. 2 weeks before mating commenced. Best con­
ception rate and Jambing performances were in the 
switched groups, i.e. high-low and low-high groups. 

(b) Scnsona/ Variation in the Level of Fertility in 
Merino Sliecp.-The variable nature of reproductive 
activity of ewes in the spring hns been examined by the 
Sheep Oiolos>' Laboratory for n fllrther year, at Tooradin 
in Gippsland, where ewes Crom three sources have been 
gathered together. Jn Peppin ewes from Gilruth Plains 
:md the Riverin:i sex.u:il activity was lowest in November, 
while in non-Peppin ewes from Victoria it was lowest in 
September. The Riverina Pcppins were less active sexually 
in 1957 than in 1956. Most ewes from ench source mated 
wilhin a mo:-.th alter they were joined with rams in early 
December. 

There appe3rs to be a higher incidence of oestrus, in 
November, in recently shorn than unshorn ewes, and it 
seems that the Victorian ewes might be responsive to 
stimulation by the rnms for only a very short period in 
November. 

(c) lnfl11e11ce of Light 011 the Breeding Season of Merino 
Ewcs.-Factors other than duration of light play a part 
in the eslablishmen1 and maintenance of seasonal varia­
tion in sexual ac1ivity in Merino ewes. Ewes born during 
May-June, 1955, have been subjected to continuous light 
from August, 1955; during 1957 they exhibited seasonal 
variation in sexual activity closely similar to that of ewes 
maintained in the normal light environment. O lder ewes 
subjected LO a day length of 12 hr. in artificial light bnve 
11 lso exhibited seasonal variation in reproductive activity, 
which, except f~r a shorler period of ovarian inactivity, 
resembled thnt m ewes exposed to the normal seasonal 
v:1riation in a day length either as artificial light or as 
nalllral daylight. 

(<I) Effect of Nutrition tl11ri11g Pregna11cy.-Fioe-wool 
Merino ewes at the Regional Pasloral Laboratory, Armi­
dale, were wintered and l:imbed after ejther a high or a 
low level of nutrition ov~r the first four months of preg­
nancy, on sown or native pastures. \Vide differences 
were established in bodily condttion before lambing, com­
bined with either high- or low-plane pen feeding on 
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legume chaff and ont grain during the l:lst month of preg­
nancy. After lambing they were further divided into bigh­
pbne or low-plane feeding for six weeks, then run 10-
gethor on pasture. The nutritio1l in Lhe first four months 
of pregnancy had as great an effect on Jamb growth rate, 
weaning weight, and ewe wool production as did that over 
the first six weeks of lactation, and also had a substaotiul 
effect on Jamb birth weight and perinatal mortality. Dif­
ferential feeding in the last month of pregnancy consider­
ably affected birth weight and lamb losses, but had only a 
minor influence on subsequent growth rate. 

( e ) Infertility on Red Clover Pastures.-Following 
reports of progressive reductions in lamb marking per­
centages and an increased incidence of dystocias and 
deaths when ewes grazed red clover dominant pastures, 
field observations were commenced in 1957. At the first 
lambing there was no increase in lambing troubles in 
fine-wool Merino ewes grazed on red clover during preg­
nancy as compared with similar ewes on pastures con­
taining no red clover. 

(f) Lactation in Ewes.-Observations were commenced 
by the Sheep Biology Laboratory on the pressure required 
to withdraw milk from the udder of the ewe in established 
lactation ( 6-20 cm. Hg in the preliminary observations) 
and the pressure applied by the newborn lamb in sucking 
(15-20 cm. Hg). 

(g) Physiology of the Neonatal Lamb.- Following the 
observation in the field, that newborn lambs often cool 
very rapidly after birth, and may die as a consequence, 
the abili ty of newborn Jambs to maintain body tempera­
ture unJer various conditions has been studied by indirect 
caiorimctry. Heat production and rectal temperature 
were followed in a range of air temperatures, with and 
without wind, and with the coat both wet and dry. rfhe 
oew:.io .-n lambs from well-fed ewes were able to increase 
thci r heat production to maintain rectal temperatures 
even with the coat wet in a wind of about 10 m.p.h. at 
g• C. Lambs from poorly fed ewes produced relatively 
less heat than those from well-fed ewes and their rectal 
temperatures commenced to fall under the more extreme 
conditions. 

There was little difference between the behaviour of 
Merino lambs with the usual short birth coat and the few 
Corriedale, Border Leicester, and Romney Marsh Jambs 
examined. However, Merino lambs with a long coarse co3t 
were better able to conserve heat than the short-coated 
Merinos. 

(/z) Factors Associated with Neonatal Mortality in 
Lambs.-In a previous report, observations were recorded 
on the causes of death of newborn Jambs in a flock of 
mature Corr iedale ewes; in this flock maternal factors were 
relatively unimportant in contributing to deaths, no infec­
tious agents were implicated, and all lambs artificially fed 
and kept warm from birth survived. Observations have 
now been ex.tended to a flock of maiden Merinos in which 
maternal factors were likely to be important. Half of the 
ewes were not given any assistance at birth and were left 
in open yards wilh their lambs. Many Lambs died (of 52 
born six were stillborn and fifteen died within three days 
of birth). Maternal factors, in particular abandonment 
of the lamb at birth, were major factors contributing to 
death; no infectious agents were implicated. Ewes in the 
other half of the flock were assisted as required at 
birth, and were removed with their Jambs to a warm shed 
soon after birth; lambs were artificially fed where 
necessary. All lambs, except one which died at birth, 
were alive and well three days after birth. These lambs 
grew significantly faster between birth and marking than 
the other lambs, although the ewes grazed the same pasture 
from three days after birth. 

(i) Effect of Husbmuf,ry Pr~~tices on .~amb ~?rtalit?' 
-Lambing "Off Shears and In Wool .- This investi­
gation has continued at the Regional Pastoral Laboratory, 

/ .rmidale. For a lambing commencing in early September 
loss of fine wool Merino lambs between birth and marking 
was 15 per cent. of lambs born in the " off shears " treat­
ment and 17 per cent. in the " in wool " treatment. Lamb 
marking percentages were 71 and 72 respectively. Weather 
conditions were mild over marking. 

(j) Feed lntake of Suckling and Weaned Lambs on Dry 
Summer Pastures.-Some preliminary observations have 
been made at the Sheep Biology Laboratory on the causes 
of poor growth in Jambs after weaning. Feed intake 
(estimated by faecal dry matter output) of poorly grown, 
16-week-old lambs, which had been weaned for two weeks, 
was slightly higher than intake by lambs which were still 
obtaining an estimated 6 oz. of milk daily from their 
dams. Under the conditions of the observations, the 
consumption of milk merely led to the suckling lambs 
eating Jess pasture. 

(k) Ewe-marking Crayon for Rams.-This work is 
being undertaken to develop a simple, cheap, and prac­
tical method of determining which ewes mate. With the 
co-operation of the Wool Textile Research Laboratory, 
Geelong, a crayon has been developed which, under Vic­
torian conditions, marks well, does not wear unduly, does 
not harden, nor glaze, nor pick up dirt, is simple and 
cheap to manufacture, and is simple to fix to the ram. 
Its reliability is being tested as a criterion of mating under 
field conditions. 

14. BREEDING AND G ENETICAL STUDIES. 

(Division of Animal Health and Production.) 
(a) inbred Flocks of Australian Merinos (McMaster 

Feld Station).-Injection of highly inbred lambs witb crude 
pituitary extract has resulted in increased growth rate to 
ten weeks of age by comparison with untreated inbred 
lambs. Continued treatment after ten weeks of age bad 
no further effect. Wool production by treated Iambs at 
weaning was significantly greater than that of the untreated 
lambs. Differences between the two groups in body weight 
aod body size were still present at one year of age, but 
differences in fleece weight were very much reduced. Treat­
ment of non-inbred lambs has had no effect whether from 
inbred but unrelated parents, or from simple outbreeding. 
The inbreeding syndrome appears to cause at least a partial 
reduction in the function of the pituitary gland. 

Matings are in progress to explore the effects of inbreed­
ing on maternal ability. It would appear that maternal 
ability of inbred ewes suckling single lambs is comparable 
with that of non-inbred ewes suckling single lambs. 

(b) Heredity X Environment l11terac1io11s (McMaster 
Laboratory).- Preliminary comparisons of the mean greasy 
fleece weight of progeny of the same ram grown in. two 
different environments (Cunnamulla and Armidale) 
indicated that marked reversals in ranking may occur in 
at least one of the two Merino strains used. 

(c) Selection of Individual Sheep.- (i) Comparison of 
Methods of Sire Selectio11 for Clean Wool Weight (Part of 
Project ABl).-Two groups selected for clean wool weight 
(S and MS), with a ceiling on wrinkle score and fib re 
diameter, are being compared with a random control (C). 
In one (MS) selection is on the ram's own measurements, 
in the other (S), his half-sibs are also considered. The 
prediction that this addition will oot greatly increase 
annual genetic progress has so far been confirmed. Over 
the last two years, the mean clean wool weight for two­
tooth ewes has been 11 per cent. above the control for the 
S and 8 per cent. for the MS group. 

(ii) The Effect of Selectio11 for Clean Wool Weight on 
Efficiency of Wool Production.-Four sires from each of 
the S, MS, and C groups were fed individually ad lib . for 
a period of 140 d'ays. Mean wool production was in the 
ratio 126:118: 100, under both grazing and ad lib. feeding, 
while the wool production per unit of food intake in the 
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pens was in the ratio 120: L06: LOO. There is thus no 
evidence that selection for wool weight has led to lowered 
efficiency. 

(i ii ) Comparison of Generic Parameters for Rams and 
E1ves.-Predictions of genetic progress based on genetic 
parameters estimated on femaJes could be inaccurate ii f 
estimates on the ma.le diftered. Esllmates of repeatability 
made oa 10 characters in sheep indicate no sex differences. 
Estimates of heritability are now being made. 

(iv) Age for Selection i11 S/teep.-Investigations confirm 
the efficiency of selection at two-tooth age, and selection 
even earlier may be possible. 

(v) Selection for Twinn ing in the Merino.- Ewes 
selected us twin-bea re rs have now produced 5.2 Jambs per 
head' in four subsequent lambings, compared with 4.1 
from ewes selected as single-bearers. Progeny of the twirn· 
bearers have produced eight sets of twins and those of tb.e 
single-bearers none, up 10 2t years of age. 

(v i) Selection for M11tton CltaracterL5tics in the Merino. 
-A series of measureme:; ts to develop appropriate mutton 
scores from live measurements was made on 64 wether'> 
in five Merino strains, before und after slaughter. Analysis 
is not yet complete. Matings for high and low mutton 
scores wi ll be made. 

(d) Relationships among Clean Wool Weight a11d its 
Components; and 01/ter Fleece Clwracters.- (i) The 
illf/uence of tire Components 011 Clean. Wool Weight.­
The influence of genetic and environmental factors on 
clean wool weight is bei~ g studied not only directly but 
through its components. A theoretical study has shown 
the extent to which the relative variances of the compo­
nents and the correlations between them influence the 
relationship between wool weight and each component. 
Estimates now avaifable indicate that these varia :-.ces and 
correlations may va ry between Merino strains. and such 
variat ion could account for the cl'itferent conclusions which 
hnve been drawn by different workers. 

Data from S and C mating groups have been used to 
analyse genetic (between groups) and phcnotypic (within 
grocips) rela tionships. Between groups, fibre number per 
unit skin area is of greatest importance in contributing 
lo the J I per cent. increase in wool weight, followed by 
st:iple length; body size is smaller in the selected group , 
while the other two .. controlled " compon<'!nts show no 
change. Within groups. fibre number and staple length 
make equal contributions to differences between light and 
heavy wool weights, body size this time being slightly 
greater for the sheep with higher wool weights. Wrinkle 
score and fibre diameter agnin make little contribution. 

(ii) Selection for High and Low Values of Single 
Clwracters.-To analyse these relationships further, pairs 
of families have been set up at G ilruth Plains in which 
~election is for a high or low value of a single character. 
Selection on clean wool weight itself has produced the 
greatest change in weight, though selection on clean woo! 
weight pe r unit skin area has been nearly as effective. 
Selection for staple length, fibre number per unit skin 
area, or body weight has Jed to changes in the same 
1Jirection in clean wool weight, but selection for fibre 
d iameter o r wrinkle score has produced no change. 

(g) Electrolyte Concentrations of Er·ythrocytes.-Tbie 
determination of K+ and Na+ concentrations of the 
erythrocytes of Merino sheep was made in progeny of 
the sheep previously examined. There seem to be strain 
differe nces in tbe inc.idence of high K+ animals, more 
occ..urring in two medium Peppin groups than in a fine 
non-Peppin group. 

( It ) Hornedness in Sheep ( " Gilruth Plains ", Cunna­
rnulla).-Further mati r.gs have been made in this experJ­
ment; some of them have been planned to yield information 
on the phenotypic differences between PP and Pp Merino 
males. 

F .6733/58.-4 
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Observations are being made on the wool production ot 
Merino sheep with different known genotypes as far as 
the !l'iplc a lleles for hornedness are concerned. These 
alleles, whose effects were outlined; in the previous report, 
have been named P, P', and p, in decreasing order of 
I . c.ominnnce. 

Mating programmes have been commenced which should 
indicate whether the horns of Dorset Horn ewes result 
from the gene P', which initiates horn growth in Merino 
ewes, and whether the gene P, which produces polledness 
in the Merino, is also present in the Border Leicester breed. 

15. GENETICS OF SHEEP. 

(Animal Genetics Section.) 

The work on sheep has concentrated on two main 
problems; the role.: of follicle der.sity in lJ1e determination 
of wool produclion, and the analysis of fleece structure 
in terms of discrete but interacting systems of determina­
tion. Two experiments involving selection on follicle 
development arc progressing. The first, at the Dickson 
Experiment Station, has reached the second generation 
of selection on the number of secondary follicles per 
primary fo!l icle. Although considerable differences of 
follicle density have been produced (approx. 20 per cent.), 
no differences of fleece weight could be detected. The 
second sclccti0'.1 experiment, which has been initiated al 
Armidale, involves selection on the density of primary 
follicles. No d«ta are available yet from this experiment. 

The work on mosaics, al though showing the general 
validi ty of the concepts of" competition" between follicles, 
h:~s also shown that the determination of fibre length and 
diameter is extremely complex and that more detaileu 
studies :ire required, particubrly of the form and function 
of the follicle papillae. The work on the determination 
of the N type of fl eece bas been completed culmir.a ting 
in a series of pnpers. A notable achievement has been the 
extension to sheep of Nay's quick method of cutting 
secl ions of cattle skin. The result has been a dramatic 
decrease in the limitations imposed by laboratory facilities. 
The method has the advantages, not only of being faster 
than tJ1e usual histological procedures, but also of not 
needi~g highly trained technical staff. 

] 6. BIOLOGICA L STUDlES OF SKtN AND WOOL GROWTH. 

(Division o f Animal Health and Production.) 

(a) Endocrinology of Wool Groivtlr (Sheep Biology 
Laboratory, Prospect) .- (i) Wool Growth and the 
Anterior Pituitary Gland.-Work is continuing on the 
iso!atio .~ anti identification of the anterior pituitary 
ho;r.10ncs rc:>ponsible for the maintenance of wool growth 
as d'cscrihcd in the last Annual Report. The use of 
cellulose acet;He fil ter membrane and starch gels for 
analytical zone electrophoresis of pituitary prote in mixtures 
has been developed. The distribution of hormones in the 
various kinds of intracellular pituitary particles is being 
ir.vcs!iga!cd, and this information is being used in the 
prepara tion of the different pituitary hormones. 

( ii) Wool Gro11•th and the Adrenal Cortex.- The 
importance of the adrcnocortical secretion in determining 
the wool growth rate of sheep is being studied in 
adrenalectomized sheep maintained with different dosages 
of adrcnocort ical sieroids. Wool growth is inversely 
related to the maintenance dose of adre1~ ocortical steroids. 

(iii) Wool Growth and the Thyroid Gla11d, Prospect.­
Eal lier work has shown that injections of sodium-L­
thyroxine into normal sheep stimulates wool growth by 
increasing feed intake and by decreasing the storage of 
body tissues. There is consequently no increase in the 
efficiency of co::version of feed protein into wool. How­
ever, a minimal degree of thyroid activity is necessary for 
normal wool growth and for the acrion of pituitary 
hormones. The influence of thyroxine on wool growth 
in the hypothyroid range is being studied. 
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(iv) Wool Growth and the Thyroid Gland (Regional 
Pastoral Laboratory, Armidale) .-A total of 370 fine-wool 
Merino we1hers in groups of 20-30 were treated with 
1hyroxine. anti their wool production ar.d Jiveweight 
changes measured under a wiae range of typical grazing 
conditions. Single implants of 60 mg. thyroxine gave 
about 8 per cent. increase, and repeated implants of 30 mg. 
gave 10 per cent. increase in six months' wool clip with 
r o permanent reduction in liveweight. Repeated treat­
ments with 60 mg. gave up to 15 per cent. more wool, but 
liveweight was reduced by l 0 lb. Repeated treatments with 
90 mg. gave 17 per ecol. more wool, and Jiveweight was 
reduced by 12-15 lb. Deaths occurred where the effect of 
the thyroxine lreatmcnt was increased by inadequate 
nutrition. 

( b) Studies of Skin and Fleece Development (Sheep 
Biology Laboratory. Prospect) .- (i) Effects of Lamb 
Nutrition.-A series of observations on the effect of nutri­
tion during pre- and early post-nata l life on the develop­
ment of the follicle poptilntion and on the juve:.ile and 
adult wool produc!!on of Merino ~heep has now been 
completed, nod the results arc being analysed in prepara­
tion for publication. 

(ii) Lamb Birth and Adult Fleece Characters.- Obser­
vations arc being continued to determine whether there 
is a differeutial response to primary and secondary follicles 
to changes in the plane of nut rition, and particularly to 
what extent this response may be affected by the genetic 
background which causes differences in primary and 
secondary fibre size. 

( iii) Mitotic Rutes i11 the Wool Follicle B11lb.-Tech­
niques are being developed for determination of mitotic 
ra tes in the foll icle bulb ir. order to stucfy the association 
between mitotic rate and fibre size, and the influence of 
physiological (nutritional, endocrine, and genetic) factors 
on mitotic rate. 

(iv) The Pos1-11a1al Deve/opme111 of Wool Follicles.­
The quantitative study has continued of the post-natal 
growth and development of wool follicles fo Meri r.os anrl 
Southdown-Merinos. The changes in ratio of secondary to 
primary tollic lcs ancl fibres, and tbe number of follicles 
anJ fibres per sq. mm., have been examined in these sheep 
up to the age of nine months; observations will be con­
ti ucd unti l the sheep arc adults. 

(v) Effect of Nutrition 011 tlte Skin and Wool Follicles. 
- A study of the cfTcct of nutrition on the skin and' wool 
1olliclcs in Merino wcthcrs at the Burdekin Drought­
fecding Unit, Glenfield, was commenced during December, 
1957. 

Five groups, each of five sheep, were selected from 18 
difTe rent groups in on experiment on the utilization of low­
qua lity roughage (sec this chapter , Section 11). The sheep 
selected belo~ g to groups expected to give the poorest and 
best res ults. To date, only one sheep has died. All sheep 
are weighed weekly and skin samples are taken every fort­
nig11t. Al each sampling the thickness of ~e skin is 
measured with callipers. The plane of nutnt1on has a 
significa nt effect on the thickness of the skin. 

(c) Fleece Structure and Wool Producrion.-(i ) Inter­
relations of Fleece Components.- Extensive data derived 
from a collection of skin sa mples taken from u~. classed 

groups of maiden stud ewes of most breed's o~ sheep pres~nt 
in Australia, and from side progeny groups m one Menno 
stud flock, have been analysed by using the electronic 
di<>ita l computer (SILLIAC) at the University of Sydney. 
in"' particular, correlation and heritability studies indicate 
that number of follicle groups per unit area of skin may 
be more closely rela ted to wool production per unit area 
of skin tn<m is tot:il follicle density. Further, genetic 
va riation of area of fibre per unit area of skin bas not been 
utilized by cus tomary methods of selection in the develop­
ment of differen t fleece types. 

(ii) Fleece M osaics.-These unique fleece types con­
t inue to be used in comparative investigations of the inter­
relations of the me trica l components of wool production 
ancf their underlying biologica l determinants. 

T he emoryologica l and genetic bases of fleece mosaicism 
have been investiga ted by breeding mosaics " inter se " 
and with normal fleece types, by examination of the 
palleros of mosaicism, by measurement of the areas of 
abnormal tissue (fleece), and by preliminary cytological 
studies of skin and gonad tissue. Fleece mosaicism results 
from an underlying genetic mosaicism of the skin which is 
due lo aberration of the mitotic division of an early 
embryonic skin cell. 

The pa tterns of distr ibution of the areas of abnormal 
amo;:gst the normal sk in tissue indicate that from a single 
aberrant mitosis, viable abnormal skin cells move and 
intermingle with normal cells, first in anteroposterior 
j irec tions ;1 long the mid-dorsal line, nod later, without 
further intermingling. migrate more or less symmetrically 
and clorsoventrally. Simila r skin growth patterns may be 
respo .. sible for the arrangement of the major skin folds 
of Merino sheep. 

(iii) Ski11 Gra/ti11g.-Prcliminary studies have been 
made of the disposition of foetal membranes in sheep 
at the early stages of gestation as a preliminary to skin 
homografting ancf other surgical manipulation of foetal 
skin tissut:s. 

Investigations with mice have shown that the incom­
patibility of the ho:nografts of male on female skin is not 
:i universal ohe. omcnon but varies considerably betwcl!n 
strains within inbred lines as well as between inbred lines. 
Extensive tria ls of methods of abrogating the skin homo­
graft reaction in adult mice- as a preliminary to sheep 
work- by injection of skin extracts by various routes and 
by sequential grafting have failed to cor.firm overseas 
claims. 

( iv) Skin Stretclzing.- Altering the spatial relations of 
wool follicles by surgical removal of skin from lambs in 
early post-natal life has modified local fleece structure at 
I t yeurs of age. By comparison with control regions, 
fibre diameter has increased, fibre length growth rate bas 
decreased to a variable extent, and follicle density has 
increased, which indicates that no new secondary follicles 
were initiated post-natally in response to the wider separa­
tion of existing mature nnd1 developing follicles. 

(v) "Doggy" Wool.--.Since the classing of Merino 
wool as either " normal " or " doggy " is a subjective 
assessment, measurements were performed on wool and 
skin sampl.:s from sheep of similar breeding to compare 
these two types of wool. Differences were observed in 
staple and fibre crimping, in that the doggy wool had fewer 
crimps per inch than the normal wool. For medium­
wooled Merinos the mean fibre thickness of the doggy 
wool was larger than that of the normal wool, whereas 
for strong-wooled Merinos the mean fibre thicknesses were 
similar. The staple lengths of the doggy and normal wools 
were also similar, but there was some indication that the 
average fibre length of the doggy wool was slightly shorter. 
Little or no difference could be found in the characters 
examined from skin samples. Some fine-wooled Merino 
ewes with doggy or normal wool, obtained from the 
Regiona l Pastoral Laboratory at "Chiswick ", will be used 
for furt her studies of fibre structure and of the effect of 
level of nutrition. 

Preliminary cytological examinations of skin. tissues from 
a Merino mosiac revealed an obvious difference in cell and 
rlLlcleus size between the cells of follicles and glands in 
normal and abnormal reg ions. These observations arc 
being extended to all available mosaics and to fibre and 
gonad cells. 

(vi) Fleece Mutm11s.-Four fam ilies of fleece-type 
mutants nrc being studied; in Merinos, low density, lack of 
sweat glands. and felting lustre, and a carpet fleece-type in 
both the Southdown and Corricdale breeds. 
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Further evidence on the inheritance of these unusual 
Hcece types is being gathered in the course of studies of 
these new combinations of the biological determinants of 
fleece structu.re. 

(d) Relation of Wool Growth to Feed lntake.-(i) 
£/ficie11cy of Wool Grow1h.-For biological purposes the 
.:fliciency of wool growth may be defined as the propor­
tion of the crude protein intake converted into wool. An 
equation has been developed relating the efficiency of wool 
growth to tbe rate of body weight change. At maintenance­
ieed intakes when body weight change is zero, the efficiency 
of wool growth bas a value characteristic of the individual 
and the time of year. At feed intakes below maintenance, 
efficiency is increased by the contribution of nutrients from 
the catabolism of body tissues. At intakes above main­
tenance, efficiency is decreased by the diversion of part ot 
the crude protein intake to an increase in body tissues. 
Analysis of available data suggests that the average 
efficiency of wool growth of a sheep on a feed intake which 
is at first above maintenance and later below maintenance 
is the same as the efficiency of the same sheep maintained 
throughout on the same average intake kept constant. The 
effect of the crude protein percentage in the diet on the 
efficiency of wool growth is being examined. 

Observations in the laboratory are continuing on these 
groups of sheep ranked as having high, intermediate, and 
low wool production per unit of body weight under field 
conditions. The animals were first rationed according to 
body weight and subsequently aJlowed ad lib. intakes of the 
ration. A relatively large proportion of the variability in 
production under field conditions is referable to variations 
in feed intake. 

(ii) Effect of Variations in the Plane of Nutrition on 
Metric Characters of the Fleece.-The response of the 
metrical characters of the Merino fteece to changes in 
feeding level has been studied in a group of eight sheep, 
previously maintained on an ad lib. diet from birth to two 
years. This group has been subjected to successive decre­
ments in ration, culminating in severe nutritional stress, 
and maintained at the lowest level until equilibrium of 
various characters had been achieved. This has been fol­
lowed by a renewed course of ad lib. feeding. Wide 
individual differences have been apparent, and it is clear 
that a small proportion of animals are much less respon­
sive to nutri tional stress, in terms of body weight changes 
as well as fleece changes. 

Changes of fibre diameter amongst the more responsive 
animals ·are of particular interest. At restricted feed levels 
mean fibre diameter decreased rapidly and then, in some 
cases, rose appreciably towards the value achieved on ad 
lih. feeding. lo these cases a proportion of the secondary 
follicles has been quiescent, and a number of the primary 
follicles are in intermittent production. These primary 
foll icles are responsible for the small number of very coarse 
and medullated fibres which now appear in the diameter 
distribution beyond the range found at high feed levels. 

(e) Estimation of Total Fibre Number ( McMaster 
Field Station).-An adequate estimate of total fibre number 
can be obtained by dividing clean fteece weight by mean 
fibre weight. Mean fibre weight was constant over the 
body of the sheep including the belly. A single mid-side 
sample is sufficient to provide a satisfactory estimate of 
fibre weight. 

Mean fibre and staple length exhibited a small but dis· 
tinct trend over the body. There is a decrease in an 
anteroposterior direction, and also dorsally and ventrally 
from the midside. There is no sharp distinction between 
body and belly regions in fibre length, but staple length is 
much shorter on the belly. 

17. SHEEP DISEASES. 

(Division of Animal H ealth and Production.) 
(a) Ja1111di1:c in Sheep (Animal Health Laboratory, 

Melbourae).-Rescarch at this Laboratory has already 
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rev~aled two major causes or jaundice in sheep in Aus· 
traµa . . These nrc chronic copper poisoning and heliotrope 
potsonmg. 

( i~ Chronic Copper Poisoning.- ln laboratory studies 
rcla~mg t? phytogcnous chronic copper poisoning, due to 
the mgesllon of usual pasture plants but resulting in storage 
of copper in the liver in dangerously high. amounts, the 
part played by other trace elements in the interrelationship 
bet.ween molybdenum and copper bas been investigated. 
Evidence has been obtained which indicates that the 
~imitati~n of copp~r storage imposed by molybdenum and 
morga~1c sulp~ur 1s subject to interference by manganese. 
.Als.o., m seek~n~ for. factors likely to account for large 

. ~nd1v1dual van ut1ons 1.n copper storage among sheep sub· 
JCCt to the same experimental conditions, endocrine studies 
have been commenced. No relationship could be demon· 
strated between the degree of thyroid gland ac1ivity and 
the amount of copper s tored. 

(ii) H e/iotropa A lkaloids.- The repeated ingestion. ot 
Heliotropi11111 europaaum has already been shown to be 
a primary cause of de~th in sheep following a liver damage 
by the plant alkano1ds. Non-haemolytic jaundice is a 
comm.on ~ign ~f this conditio~. ! he chemical pathology 
?f po1so~mg with .these a lkaloids 1s being studied, mostly 
m ~xpcnmcnts w11h rats (sec Chapter V., Section 11). 
Heliotrope can also be the cause of hepatogenous chronic 
poisoning in sheep. This hepatogcnous form is so named 
because liver damage by the alkaloids is a pre-requisite 
for liver storage of copper at the high levels that may lead 
to haemolytic jaundice. It can occur with diets, whether 
natural or artificial, which would not of themselves be 
harmful. In the general study of the effects of these 
pyrrolizicline alkaloids on rats, observations are also being 
made 011 the storage of copper by the damaged liver. 

(iii) Enzyme Pathology (McMaster Laboratory) .­
Research into the toxicity of alkaloids from Heliotropium 
spp. has revealed i11 vitro inhibition of enzyme systems 
of the liver. Lasiocarpine is more inhibitory than helio­
trine .and each is m~1ch more inhibitory than the respective 
N-ox1de. 1he precise locus and mode of inhibitory action 
is being sought. 

(b) Posthiti.1· ( Regional Pastoral Labatory, Armidale). 
- Observations were con tinued on the incidence and 
course of untreated posthitis in a flock of wethers two­
three years ol<.l . The incidence of external and internal 
ulceration was related to seasonal changes in pasture 
growth anu composition, e.g. cases of internal ulceration 
in~reascd during the .autumn flus h and decreased during 
wmter and early spnn~ w!ien dry conditions prevailed. 
Some progress has been made in the development of a 
self-retaining sheath tube for the treatment of the condition. 
~ (c? Mycotic Demwtitis (Mc~faster Laboratory).­
.)tuJ1es have been made on the life-cycle of the cause! 
organism Nocardia dermatonomus. T he formation of a 
branched mycclium occurs during invasion of the stratum 
corneum of the skin and requires a relatively high tempera­
ture. low ~h .and ~O~. a~d ~bu.ndant. nutrients. Progress 
was made 111 rnducmg ar t1tic1al mfect1ons for screening of 
curative agents, bu t no agent ye t tested has been found 
satisfactory. 

Continued dry weather hampered field experiments on 
the spread of the disease from ewe to lamb. 

(d) Footroot.-A simple medium consisting of ground 
sheep horn in lemco agar has been evolved for the culture 
of the causn I o rga nism Fusi/ormis nodosus, and has proved 
of great value for accurate diagnosis. Good growth was 
also obtained in acid hydrolysed horn plus "Difeo" 
trypsin. Paper chromatography has been used to deter­
mine the amino acids present in the medium. 

The efficiency of several additional chemical agents was 
tested on affected feet, but none has proved as efficient as 
1.0 per cent. chloro.mycctin. The organism is Jess suscep­
tible to ery·thromycin than to chloromycetin. 

Sustained dry weather hampered field experiments on 
the epidemiology of the disease. 
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(e) Foot A bscess.-A selective medium has been 
devised for the isolation of Fusiformis necrophorus from 
highly contaminated material. 

A field trial to observe the incidence of foot abscess in 
normal and cracked hooves and to assess the effect of 
paring was unsatisfactory owing to prolonged dry 
conditions. 

(f) B rucellosis of Sheep (Animal Health Laboratory, 
Melbourne) .- In small experimetits to test the ability of 
the udder of the ewe to harbour Brucel/a ovis, suspensions 
of virulent organisms were introduced by different routes. 
By direct introduction via the teat canal the organism 
became established earlier than via the conjunctival sac or 
the jugular vein. In all cases the infection. when once 
established, persisted for several months. 

In view of the availability of preventive vaccines con­
taining living Br. abortus, strain 19, which is of reduced 
virulence for cattle, some rams were inoculated by various 
routes to determine virulence and the likelihood of locating 
in the genitalia. OnJy direct inoculation into the testis or 
epididymus led to the establishment of infection of the 
genitalia. Jn some instances the organism was then 
excreted in large numbers in the semen for a period of 
more then seven months. 

(h) Pregnancy Toxaemia (Mc Master Laboratory) .­
A study of enzymes of the sheep has shown that, as distinct 
from non-ruminants, its liver does not metabolize glucose 
owing to the absence of glucokinase. Glucose is used upon 
addition of hexokinase. T his places particular emphasis 
on fatty acid oxidation in liver metabolism. 

In pregnancy toxaemia there is a failure of liver fatty 
acid me tabolism, amounting to liver failure. The syndrome 
of pregnancy toxaemia can be explained by this finding. 
Investigation of the fatty acid oxidation block is progressing. 

H ydroxycortisone has been found to inhibit oxidation 
of various substances including fatty acids by complex 
formation between the steroid and coenzymes, thus 
removing coonzymes. Inhibition can be prevented by 
addition of requisite enzymes. 

(i) Urinary Calculi.-A preliminary survey of the 
incidence of urinary calculi in wethers in the west Darling 
district bas revealed an association with grazing on lush 
herbaceous pastures. 

18. I NTERNAL PARASITES. 

( Division of A nimal Health and Production.) 

(a) Studies i11 Anthelmintics.- ( i) At McMaster 
Laboratory .- Shecp grazing dry pastures were dosed ;.vitb 
phenothiazine after 24 hours without water with no 
untoward effects. 

Phenothiazine with 90 per cent. of particles less than 
1 O~· was Jess effective against Ostertagia spp. than agai.nst 
Trichostrongylus colubriformis in sheep. 

Tbree organic phosphorus compounds have been tested. 
0, 0 -dimethyl hydroxy-2,2,2-tricblorophosphonate (Bayer 
" L 13/59 ", "Neguvon ", " Dipterex ") at 2.5 g./ 100 lb. 
body weight was usually highly effective against 
Hae111011chus conrorrus, but occasionally tbere was only a 
temporary reduction in worm egg count. Doses of 5.0 
g. into the abomasum were effective against T. colubri­
formis, but l 0 g./ l 00 lb. body weight into the rumen was 
ineffective. Efficiency against Oesophagostomum colum­
bianum was variable even at dose rates which were fatal 
to some sheep. 3-Chloro-4-methyl-7-oxycoumarioe diethyl 
thiophosphoric acid (Bayer " L21/199 ", " Muscatox ") 
was highly effective against If. contortus, T. cof11briformis, 
T. axei, and Oe. columbianum, but is too toxic for general 
use. 0,0-dimelhyl-0-2,4,5-trichlorophenyl phospborotbio­
ate ("Dow-ET", "Trolene ") was the least effective of 
the three. 

Oil of mustard showed moderate anthelmintic activity 
but was toxic at 0 .75 ml. The essential oils of spearmint, 
carraway, sassafras, aniseed, and cassia were ineffective 

against H. c0Jttort11s when 30 ml. were given into the 
rumen. Similar doses of carvone, safrole, anethole, 
cineole, and piperitone were also ineffective. 

Copper methyl arsenate (" Monekil S ") is very effective 
against Mo11iezia spp., but in non-toxic doses was only 
slightly effective against H.. co11tortus ;.md Oe. colum­
bia1111111. 

Di - (N - benzyl - N,N - dimethyl - N-2-phenoxymetbyl­
ammonium)-3-hydroxy-2-naphthoate was very effective 
against H. co11tor1us and Oe. co/111nbia11um when injected 
into the rumen, but not against T. colubrif ormis unless 
given into the abomasum. Butyl-N-phenyl tbiocarbamate 
showed anthelmintic activity against T. colubriformis 
(8 g./100 lb. body weight into the rumen). 

3,3-Diethylthiadicarbocyanine iodide (" Dithiazanine ") 
showed fair efficiency against T. colubriformis (9 g./ 100 
lb. body weight into the rumen). Furthe r trials with 
papa in, dosed into the abomasum, were unsuccessful 
against T. colubriformis. Doses of 0.1 g. prometbazine 
hydrochloride or O. l5 g. diethylamine-N-pbenotbiazine 
hydrochloride into the rumen were not effective against 
T. co/ubri/or111is. 

In tests of an thelmintic activity against the oxyurid 
worms of mice, Bayer "L13/59" was highly effective at 
0.5 g./ kg. body weight. Pyridine was effective at 0.25 
g./ kg. body weight but was fatally toxic in two of six 
mice. The essential oils of spearmint, aniseed, sassafras, 
cassia, juniper, and mustard were ineffective, as were also 
the active principles, safole, menthol, sabinol, and carvone. 
Oil of Cananga showed slight activity. 2,6-Lutidine and 
2-amino-3-chloropyridine were ineffective at 0.5 g./kg. 
and toxic at LO g./kg. body weight. 2-Pyridyl pbenylamine 
and 2,2-dipyridylamine were inact ive a t 2 g./ kg. body 
weight. 10-Allyl phenothiazine showed moderate activity 
at 2 g./kg. body weight. Carbon bisulphide was not 
effective, but toxic, at 2 g./kg. body weight. Phenothiazine 
at 2 g./kg. body weight of very fine particle size (SO per 
cent. Jess than 2 mic rons) gave the lowest efficiency yet 
experienced with this compound. 

The indices of chemical compounds of interest in hel­
minthology were completed. 

(ii) A I Regional Pastoral Laboratory, Armidale­
P!tenot!iiazine-salt /ick.-Breeding ewes grazed at four and 
e igbt per acre on sown pastures were provided with a 
1 : 12 mixture of phenothiazine and salt; control groups 
of ewes had access to salt. 

Sinice November, 1956, when th,e experiment com­
menced, climatic condi tions have not favoured parasitic 
in festation, worm egg counts have been low, and no dif­
ferences in egg counts, due to rate of stocking or to the 
provision of phenothiazine, have developed. However, 
there is evidence that the intake of phenotbiazine, which 
since May, 1957, has varied from 0.3 to 1.0 g. per head, 
is sterilizing a proportion of worm eggs and thereby 
reducing pasture contamination. No staining of wool with 
phenothiazine was observed. 

Piperazi11e.- Daily prophylactic doses (0.5 g.) of 
piperazioe given concurrently with infective larvae of Oe. 
columbianum did not prevent the establishment of larvae 
in intestinal nodules or the subsequent development of 
adult worms. 

"Neguvon" (0, O-dimethylhydroxy-2,2,2-trichloro­
phosphonate) .-This organic phosphorus compound 
was administered to weaners at rates of 2.5, 5, and 1 O g. 
per 100 lb. liveweight by injection into the rumen and by 
mouth after swabbing with 10 pe r cent. copper sulphate 
solut ion. No ill effects were observed in sheep given 2.5 
g. or 5 g. per 100 lb. by mouth but the 10 g. rate was 
rapidly fatal in two of ten sheep and affected three others. 
The l 0 g. dose injected into the rumen produced no sig11s 
of toxicity. 

(b) Effect of Nutritional Level on Infestation (Mc­
Master Laboratory) .-The administration of vitamin A 
t? .s?eep with low pl~sma levels did not affect their suscep­
t1b1hty to tbe establishment of T. colubriformis. 
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. 1 bere was no difference in susceptibility to the estab­
lishment of 50,000 T. co/11hrif onnis larvae between worm­
free sheep teu months of age fed ad lib. wheat 50, wheaten 
chaff 30, and lucerne chaff 20 parts and those fed the 
same mixture but at half the quantity. 

The infested sbeep on the foll ration showed a decline 
in appetite from 2 lb. per head per day to 1.4 lb. in a 
month, and to 0.8 lb. in two months, and the minimum 
intake was 0.4 lb. three months after infestation. It was 
observed that whcrens the adverse effects of the original 
infestation occurred rapidly in the poorly fed group, their 
onset was delayed for several weeks in, the previous well­
fed group and tbeu seemed to be associated with the 
marked decline jn food intake. 

(c) Epidemiology.-Lambs in Tasmania show gradu­
ally increasing numbers of worms f rom September, reach­
ing a pealc in November or early December, followed 
commonly by 1:1 decline and .a rapid rise from early 
.Janua ry with sustained high levels of infestation until early 
May when there is an abrupt decline. Greatest· worm 
burdens are usunlly in February-March. 

Preliminary observations at three localities in Victoria 
showed that Jambs born in the spring may harbour heavy 
infestations with Ostertagia spp., Tricliostrongylus spp., 
Nematodirus spp., and Tric1111ris spp. by early summer, 
and inf~statioos with Oe. vemtlosunz and Chabertia ovina 
tend to increase somewhat later. 

A method has been developed to recover and count 
larvae from rumen· contents anti thus assess the number 
ingested by grazing sheep. Eggs of Ostergia spp., T . 
axei, and T. colubriformis will withstand storage at 4 ° C . 
for 168 hr., whereas the eggs of H. placei were dead after 
24-48 hr., those of H. cowortus at 96 br., and those of 
Oc. oolumbia11u111 at 48-72 hr. A new technique has been 
evolved which permits the u1trerentiatioo of first stage 
larvae of sheep nematodes. 

(cl) Resiswnce mu/ lmmuni1y to Nematode ln.fcction.. 
-There was no evidence that repeated treatments with 
pbenothiazine inlerfored with the development of resist­
ance to T. colubriformis. Control lambs, exposed with 
the treated Jambs to natural infestation from birth, 
remained susceptible unliJ about nine months of age. 

The direct sensitizing ability for red cells of 'Various 
fmctions o( H. contor/L/s larvae was investigated, but 
none was satisfactory. Sensitization of cells with antjgen 
after treatment with tannic aciu allowed a baemagglutina­
tion test to be used in parnlJcl with t he complement fixa­
tion test. No constant reltttionship exists between the 
results of the two tests. 

Agar gel diffusion reactions have been used to investi­
gate the antigenic character of H. co11tor111s and T. 
colubriformLv larvae by using sera from infested sheep. 
Preliminary results have establ ished a qualitative differ­
ence between tbe antisera to these species. The antigens 
of excretory products and exsheathing fluid of larvae are 
present in antigen!; prepared from whole larvae. 

(e) The Exsheatltme rrt of Nemrrtnde Larvae.- Tnfective 
la rvae of some species of ovine trichostrongylid neml,\todes 
exsheatb in the rumen o t the sheep, but there is no 
evidence lhat exshcathroent is stimulated by a specific 
subst<mce. A wide range of substances, many of which 
are present in tbe rumen, can influence the process, e.g. 
sodium chloride, calcium chloride, and acetic acid, but 
only under specified physical conditions, which include a 
limited rnnge of temperature and hydrogen ion concen­
tration, as well as low oxidatioo-reduction potentials. 
These are important in the initial stages of exsheathment. 
Oxidation-reduction potentials appear to act directly on 
the larvae, possibly conditioning some centre which 
appea rs lo be located in the vicinity of the µosterior half 
of i-he oel)ophagus. Mechanisms for storage and release 
of exsbeathing fluid are probably also located in this 
region. 
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(f) Cltemical Studies.-Substituted phenothiazines have 
been synthesized by a new process. Substituted 2,2'­
dinitrophenyl sulphides were treated with hydrazine in the 
presence of alkali. One of the uitro-groups is selectively 
reduced, a.nd a Smiles rearrangement and a ring closure 
takes place to give the phenothiazine in good yjeld. 
Pbenothiazine, 2,7-dichloropbenothiazine, and 1, 6- di­
chloropbenothiazine have been prepared by the selective 
reduction process. 

The absorption and excretion by sheep of various par­
ticle sizes of phenothiazine were investigated. Attempts 
were made to prepare pyridine analogues of phenothiazine. 

(g) Liver Fluke.--Studies on Slmlimnea subaquatills, . 
the snail intermediate host of Fllsciola hepatica, included 
observations on habitats, growth, reproduction, aestiva­
tion, migration, and food 11nd oxygen requiremeuts. One 
generation can be completed in one month. Eggs cno 
butch five days after oviposition and the result ing snails can 
produce eggs in 27 days. Oviposition appears to depend 
OllJ environmental conditions and is not restricted to any 
one season of the year. Snails may aestivate in dried 
mud for at least 77 days. The maxi.mum number of eggs 
recorded from a si.ngle snail in one month was 239. Eggs 
in egg masses were killed by both copper sulphate and 
copper pentachlorophenate ( l 0 p,p.m.) after exposure for 
only 15 min. 

Copper pentacblorophenate has proved to be a more 
effective molJuscicide against S. subaquatalis than copper 
sulphate. It is formulated as a 30 per cent. dispersible 
paste nnd applied by high volume spray nt the rate of 
10 lb. per acre in 400 gal. of water by means of a 
boom spray and Janee coupled to a bushfire fighting pump. 
The removal of vegetative cover and the institution of 
effective drainage of springs and swamps are also neces­
sary. T he snails can survive dry periods for some months, 
and spraying is best carried out when there is ample 
surface water. 

The intramuscular injection of carbon tetrachloride 
into cattle appears to be a safe and effective therapy for 
the control of fascioliasis. 

19. EXTERNAL PARASITES. 

(Division of Animal Health and Production.) 

(a) The Ecology and Control of Lice Populations 
(McMaster Laboratory).-T be study bas beeTu completed 
of the Influence of temperature and humidity on louse 
populations. Temperatures between 33 and 36° C . were 
required for the optimum rate of increase of Linog11athus 
pedalis. Skin temperatures of the limbs of sheep are very 
variable and may remain below the optimum requirements 
for L. pedalis. A study is being made of certain aspects 
of the reproductive physiology of lice. Preliminary ex­
periments with the tip-spray and with the dusting tech­
niques using dieldrin to control lice appeared satisfactory. 

( h) Psorergates ovis.- Field trials with 0.025 and 
0.05 per cent. diazinon failed to control P. ovis, whereas 
0.2 per cent. arsenic was successful Further trials are 
in progress to compare the efficiencies of Ji me-sulphur an d 
arsenic. Studies on the bionomics of itch mite were con­
tinued. 

(c) lxodes holocyclus.- No significqnt difference was 
found in specific cholinesterase activity of erythrocytes 
or of diaphragm homogenates between mice paralysed by 
f. holocyclus and controls. 

20. SHEEt' BLOWFLIES. 

(Division of Entomology.) 

An ecological study has been commenced in the Aus­
tralian Capital Territory on the diurnal, seasonal, and 
regional variations in abundance of blowflies. D iurnal 
Ouctuations in activi ty of the various species show remark­
able parallels to the curves of variat'ion in abundance 
with season. Most species became scarce in the study 
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area during a long dry period in January and February; 
but after a substantial fall of rain the population increase 
w~s far _too rapid to be accounted for by local breeding. 
Flies remvaded tbe area from habitats where they had 
been sheltering during the drought. This strong pre­
sumptive evidence of large-scale rapid population shift 
indicates that blowfly population dynamics must be con­
sidered on a very broad geographical basis. 

The overwintering of the sheep blowflies in the Can­
berra area is also under investigation. Adults of 
Clzrysomya rufifacies emerge from carcasses until late 
autumn, whenever temperature conditions permit. At this 
time very few primary flies emerge, although this group 
in general is better adapted to cooler conditions than C. 
ruftfacies. Tn s study of diapause in Lucilia sericata it 
was found that females t rapped at intervals throughout the 
season gave no diapausing progeny until mid-March. 

Studies with carrion hrive strongly reinforced early 
observations that carcasses of different kinds of animals 
may produce widely differing assortments of blowflies. 

21. 0TH£R SHEEP lNVESTlGATIONS. 

(Division of Animal He:ilth and Production.) 

(a) Clover Oestrogens (Department of Agriculture, 
Perth) .-In continuation of the work with clover chloro­
plasts, gradient elution chromatography from silica gel 
has proved very useful for removing some of the inactive 
phenols but, so far, the oestrogenic substance has not yet 
been isolated. 

22. CLTMA TE P HYSIOLOGY OP THE SHEEP. 

(Division of Animal Health and Production.) 

(a) Equipment for Climatic Research (Sbeep Biology 
Laboratory) ,- Tests have been made on the climatic 
chambers and improvements carried out. They can now 
be operated at climates outside the range for which they 
were originally designed. Simple equipment, to simulate 
wind and rain, has been completed and calibrated. A 
wind tunnel for more accurate work is being built. Two 
light-tight rooms have been built for use in experiments 
on seasonal variation in wool growth. By using simple 
accommodation of this kind it is possible to conserve the 
climatic chambers for work which needs their elaborate 
facilities. 

The engineering and design experience of the Climatic 
Section and workshop staff have been used to make an 
inexpensive climatic chamber at the McMaster Field 
Station, Badgery's Creek, for use in studying the heat 
tolerance of cattle. It is designed to produce climates 
with any temperature and absolute humidity above 
ambient. 

(b) Cold Stress after Shearing.-The object of this 
work is threefold: ( i) To find the combinations of 
weather conditions most likely to cause losses after shear· 
ing, by constructing a scale of "effective temperature", 
integrating temperature, air movement, and rain; (ii) to 
investig:ite methods of alleviating cold stress; (iii) to find 
whether immediately after shearing, the sheep is especially 
susceptible to hypothermia, irrespective of the length of 
wool. 

The first essential is to find a measure of cold stress. 
This in man, and probably most large animals, is difficult. 
Skin temperature, the most commonly used index, is for 
theoretical reasons particularly unreliable in experiments 
involving varying amounts of wind and rain, and this 
seems to be tbe case in practice. Rectal temperature falls 
only in extreme cold stress, and then often precipitately. 
In milder conditions there can be a paradoxical rise lasting 
many hours. It bas, however, been found that the heart 
rate increases in all degrees of cold stress, reaching a 
value around 140 beats/min. in extreme conditions. 

At 37° F. with a wind of 7 m.p.h. and a rainfall of 
about t in. per hr. newly shorn Merinos can become 
severely hypotbermic in 3-4 hr. 

(c) Seasonal Effects on Wool Growth and Reproduc­
tion.- It is now well established that wool grows faster 
in summer than in winter even under controlled nutritional 
conditions. In the past lack of specialized equipment has 
hindered the study of the relative importance of day length 
and thermal conditions in causing this variation. A 
simple experiment has been set up to examine this ques­
tion with Merino and Southdown ewes. It is planned to 
follow skin thickness changes during this experiment. 
The suitability of various methods of measurement is 
being examined. 

The experimental conditions of this study will provide 
the material for an examination of the breeding season 
of Australian Merino sheep in a high " light latitude " 
compared with that of a British breed, the Southdown. 
In addition, it will be possible to examine whether, in the 
absence of a "day-length signal ", the breeding season 
can be controlled by seasonal variations of temperature. 

Measurements are being made of vaginal volumes. 
These suggest that during the breeding season the vaginas 
of Merinos are several times larger than those of South· 
downs. Changes between anoestrum and the breeding 
season and during the individual dioestrous cycles are also 
being studied. 

(d) Diurnal Rlzythms.-To interpret results of experi­
ments involving climatic stress, it is necessary to know 
normal body temperatures at different times of the day 
and night. It was found that with 24 hr. lighting and a 
constant room temperature (80° F.) , the rhythm depended 
only on feeding. T he body temperature and heart rate 
rose after feeding and then fell slowly until the animals 
were fed again. 

(e) Sweating.- The sweat production under heat stress 
in sheep of five breeds was examined by the desiccating 
capsule method. Only small amounts of sweat were pro· 
duced, and in some instances no sweat at all. Preliminary 
observations emphasize the importance of panting as 
opposed to sweating in the cooling mechanism of the 
sheep. Earlier work showing that sheep sweat after both 
intradermal and intravenous injections of adrenalin was 
confirmed. 

VIII. CATTLE. 

1. GENERAL. 

The cattle industry is the second major pastoral indus­
try in Australia, and can benefit as greatly from the appli­
cation of scientific research as the complementary sheep 
and wool industries. 

Tbe Organization has made a broad approach to the 
problems in this field, after first instituting a survey of 
the structure and interrelations of the various sections 
of the beef cattle industry throughout Australia. Current 
investigation includes: the elimination of loss from disease 
in both beef and dairy cattle; improvement of nutrition by 
the development of sown pastures; better management of 
nat~ral pasture; and developmen~ of systems of breeding 
designed to evolve more productive beef and dairy types 
for northern Australian conditions. 

The Organization's work on cattle problems has been 
carried out chiefly by the D ivision of Animal Health and 
Production, at the Animal Health Laboratory in Mel­
bourne, the National Cattle Breeding Station at "Bel­
mont", near Rockhampton, Queensland, and the Veterin­
ary Parasitology Laboratory in Brisbane, Queensland 
(sec Sections 2,3,4,6,7, and 8 of this Chapter). The 
Division of Entomology has been concerned with work 
on the cattle ti:k. ~see Section 5 of this Chapter). The 
work of the D1v1Sion of Plant Industry on pastures is 
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also of great imporiance to t!: e cattle industry (see 
Chapter 111). The work of the Animal Genetics Section 
on beef callle is describeJ in Section 9 of this Chapter. 

2. CATnE D SE.\SES. 

(Division of Animal Heah . and Production.) 

(a) Pleuropne11111onia o f Cat it .-Research in this field 
has continued al the Animal H.calth Laboratory, Mel· 
bourne. Concentrated suspennons of fomrnlin-killetl 
organisms, injected at the lail tip. gave rise to a consider­
able resistance to subseciuenl cua11coge by subcutaneous 
inoculation of virulent culture. The level of resistance 
was much inferior to that after living standard vaccine. 
The use of identical twin cal 1le ) ·1elded no evidence that 
genetic factors are of primary importance in susceptibility 
to bad tail reactions a fter livi11g vaccine. Homozyg~tes 
tended to develop sirnil:i.r l.?vels of agglutination reac!lo:i 
but not CF reaction. and to b!tulve similarly as regards 
development of immunity 10 irJ1a.lation challenge. There 
w:is no significant tendency for unvaccinated bo~1ozygotzs 
to be equally susceptible 10 iahalatioo inf~ct1on: The 
study was concluded of joint ~d he~rt l~s1_ons Ill ".er~ 
young calves a fter tail inocuhtJo n with hv_mg_ vaccme, 
~nd it was demonstrated th3l t!:e•e comphcations alsc 
followed iniravenous ioocula wu. Progress has con­
tinued on freeze drying of standard vaccine, and recoveries 
of about 10 per cent. after recros.titution were commo.nly 
obtained. Factors influenc:og tie growth of the o rgamsm 
in chick embryos were studied and a laboratory trial o f 
" egg vaccine ". prepared acconfrng. to Piercy's meth?d, 
gave encouraging results. In tk ~ne~ st~te the vaccm:: 
had high viabili~', but :if~er recm.st11ut1on ti b:!ca~<: ~er~ 
susceptible 10 high ambtent iemperatures. An. md1re~ , 
h:iemagglutination test w .. s dcve,on.cd for measu~mg anti· 
body and antigen. A non-pyro&e01c po lysacchan~e based 
upon galactose was isolated from t he causal ~rgar:ism ~d 
was show 1 to sensitize red cells t<1 this test m high d1 ll1 · 
tion. Pleuropncumonia ribonucl~ic acid and its depoly· 
mcrization were investigated and further progress wa~ 

also made on the nutrition of th e ca usal organism. Durinr 
the year 703.675 doses (0.5 ml) of standard vaccine werc­
issued for use in the field. anJ. sufficient complement 
fixing antigen to test 44,000 ca ttle was donated to authori 
ties in Australia and K enya. 

(h) Brucellosis of Cattle.-Thc investigation has been 
concluded of the duration of imnu nity following vaccina­
tion with Brucella abortus strui 19. Future work on 
brucellosis will be confined to rellevant problems arisin:· 
during the general stud}' of inkillity in cattle. 

(c) In fertility in Cattle.-C:iuses of infertility of an 
infectious nature are being as..~ssed. There is furihc. 
evidence that the venereal dise<l'C of vibriosis is a seriou 
cause of infertility in diiry herd s in Victoria and that 
trichomoniasis is comparat ive ly <>f little importance. A 
diagnosis of vibriosis was estabtls.hed in two " problem ·· 
herds in Tasmania, by the di:-c:t isol:! tion of Vi bro f et11s 
from the genital tract of cows. Further evidence wa5 
obtained of the disease in other T asmznian herds. 

T he most practical method o: rnaking a herd d iagnosi:; 
of vibriosis under Australian c'1rud itions is being sought. 
As the herd bull reta ins infect ion almost indefinitely. 
laboratory methods of cliagno s's are being investigated. 
including the testing of sheath-washings or semen by 
guinea pig inoculation. by introduction into the vagina 
of the unmated heifer. and by c-ultural means. 

(d) Copper M etabolism Studies on Cattle in Westem 
A ustra/ia.- An investigation is pr oceeding at the Depart­
ment of Agriculture, P erth. o f · fa lling disease" of ca ttle. 
J ue to copper deficiency. Sn·era• years may elapse befort! 
manifestations of the disease apO<Car in the experimental 
&nimals. 

3. I NTERNAL PARASITES. 

(Division of Animal Health and Production.) 

The following investigations were carried ouc at the 
Veterinary Parasitology Laboratory, Yeerongpilly, 
Queensland. 

. ~~) Parasitic Gastro-enteritis of Ca1tle.-( i) S11scep­
t'.btl11y of .Bos taurus and B. indicus to He/mi11tll Infesta· 
t1?~·-<?wing to the abnormally dry conditions and 
,!111i.cult1es of mustering. this investigation at the National 
Cattle Breeding Station, " Belmont", Rockhampton, has 
b>:!en temporarily abandoned. 

(ii) !he .Degree and. Persistence of Haemoncbus placei 
lnfes1n11011 111 Calve.1· 11111/J Pure a11d Mixed Infestations.­
No difference in either the degree of infestation with H. 
plncei or its persistence could be detected in calves 
artificially infested with pure H. p/ncei, or in calves with 
mixed infestations of H . p/acci, Triclzostrongy/us axei, 
Cooper/a pecti11ntn, C. punctatn, Oesophngostomum 
radiatum, and B1111osto11w111 phlebotomum. 

(iii) Studies on Oesophagostomum radiatum.--Studies 
were commenced on the pattern of egg production, per­
sistence of the parasite, and other aspects of host-parasite 
relationship. In six ca lves, each dosed with 20,000 larvae, 
the prep_atent period varied between 35 and 40 days, and 
the maximum egg count from 740 to 1,552 eggs per gram. 
Egg production, according to faecal egg counts, was very 
irregular, and the peak of production varied from six to 
fifteen weeks. Thereafter the counts dropped quickly 
:ind remained at extremely low levels. 

The large fluctuations in da ily faecal egg counts appear 
to be due partly to the expulsion of immature eggs which 
do not float in salt diluting fluid used in egg counting. 
The irregular flow of ingesta from the caecum, where 
adult parasites may be found, into the colon, may also 
account for these fluctuations. 

T he effect on calves of large single doses, small daily 
c!os-:s, and of spaced doses of larvae is being studied. 

(iv) Ecology of Prepamsitic Stanes of Cattle Strongyles. 
-lnve~tigations have continued into the development, 
migration, nnd survival of these larvae under natural 
conClitions. 

Larvae will develop to the infective stage in the pat 
depending on favou rablc temperature without regard to 
other environmental factors. 

Infective larvae can only migrate from pats following 
suitable rain. Type and duration of rainfall are important, 
as it is essential for the pat to become saturated before 
larvae can escape to the pasture. Several migrations from 
the same pat may occur under favourable conditions. 
These migrations are from larvae in the pat and not from 
larvae in the soil on which the pat rests. 

Larvae c:in remain in cattle pats for up to five months in 
the spring, and then migrate following favourable rainfall. 

Larvae will survive on pasture for a period of five-six 
weeks after migration from the pat. 

La rvae from the field, that are active, are infective to 
calves irrespective of larval age. 

The effect is being studied of temperature on the develop. 
ment of the eggs and preparasitic larval stages of the 
various nematodes infesting cattle. 

(v) Copper in Host-Parasite Relationship.-Statistical 
ana lysis showed that there was no significant difference in 
faecal egg counts, haemoglobin. or body-weight gain 
between the copper-supplemented group and · the control 
group which had a mean liver copper level of l O p.p.m. 
Copper deficiency may not be a major nutritional factor 
affecting the host-helminth relationship in calves. 

The efTect of helminth infestations and of phlebotomy 
on blood and liver copper and various blood components 
was observed prior to and during the experiment. compared 
with that of control animals. Blood was withdrawn each 
day in an endeavour to duplic:ite the haemoglobin levels 
in the infested group. There was no change in plasma 
copper levels. Liver copper levels in the infested group 



fell by 86 p.p.m., while that of the phlebotomized calves 
fell by 21 p.p.m., and that of the controls fell by 9 p.p.m. 
Total serum prote in levels of both groups followed a 
similar pattern, falling to between 4 and 5 g. per cent. and 
returning ro rhe normal levels four weeks after anihelmintic 
treatment, or cessation of bleeding. The fa ll in serum 
protein levels in the infested group was due to a fall in 
serum albumin, whereas in the phlebotomy group the fall 
was due to a decrease in both albumin and globulin of 
equal magnitude. Calves infested with 8. phlebotonwm 
failed to absorb and store copper as well as worm-free 
calves. 

Copper supplements are being given by subcutaneous 
injection of copper glycinate to weaners at the National 
Cattle Breeding Station, " Belmont ", Rockhampton. 
There are no significant differences in body-weight gain or 
coat score between this group and an untreated control 
group. 

(vi) Anthelmintics.-Studies with " Ncguvon" (Bayer 
" L 13.' 59 ") confirmed the earlier report of high anthel­
mintic efficiency against the common nematodes of cattle. A 
dose rnte of 2 g. per I 00 lb. body weight is highly effective 
:igainst H. p/acei and 0. radiatum, and 5 g. per 100 lb. 
body weight is also highly effective agai1Jst Cooperia spp. 
(including C. oncophora) and B. plilebotomum. F rom 
the small number of calves infested witb Ostertagia 
ostertagi and T. axei it would also appear to be highly 
effective against these two species, especially at the higher 
dose rate. Neither premedication with sodium bicarbonate 
nor prior starvation are necessary. At the recommended 
dose rates the drug appears to be of very low toxicity, as 
no mortalities or even toxic symptoms have been observed 
in more than 200 calves treated in the field. Dose rates 
up 10 12.5 g. per 100 lb. body weight have been adminis­
tered without mortality, although one calf dosed at 10 g. 
per l 00 lb. body weight succumbed. Caution is still 
indicated, however, as workers elsewhere have observed 
some toxic effects from dose rates of 5 g. per 100 lb. body 
weight. 

Two other organic phosphorus compounds, namely, 
" Asuntol " and " Dow-ET-57 ", have shown anthelmintic 
effect agai_ost tbe common nematodes of cattle. 

•· Asuntol '', at a dose rate of 0.25 g. per 100 lb. body 
weight. was highly effective against H. p/acei and Cooperia 
spp. and showed variable efficiency against 0. radiatum. 
Increased efficiency against 0. radiatmn and T. axei was 
observed at higher dose rates. One calf dosed at 0.5 g. 
per l 00 lb. body weight succumbed, and a dose rate of 
0.25 g. per 100 lb. body weight would appear to be the 
maximum safe dose. 

" Dow-ET-57 ", at a dose rate of 5 g. per I 00 lb. body 
weight, was also highly effective against fl. p/acei and 
Cooperia spp., and of variable efficiency against 0. 
radialum. Even at a dose rate of IO g. per l 00 lb. body 
weight, efficiency against the latter species was not 
increased. Some toxic effects were observed, although no 
mortalities occurred. 

4. C ATILE TTCK. 

( Division of Animal Health and Production.) 

(a) Susceptibility of Bos taurus and B. indicus to 
ln.festation.-Studies with Shorthorn and Shorthorn-Zebu 
crossbreds have confirmed the earlier observations. 

Observations commenced with three purebred Sahiwal 
r.uus. one Red Sindhi bull. and two Sahiwal-Jersey cross­
! red bulls which had never previously been exposed to 
ticks. The number of engorged adult fema le B. micropltts 
r<:!covered from them differed greatly between individuals, 
hut was relatively constant in the same animal on subse­
quent infestations. 

(b) Host Resistance.-The di.fference in numbers of 
r dult female ticks developing on individual animals of tbe 
B. indicus breeds (see foregoing) was not associated with 
Rny marked skin hypersensitivity reaction, and appeared to 

be due partly to the inherent individual susceptibility or 
resistance. T he number of adult ticks recovered remained 
relat ively constant on subsequent infestations, except in 
one animal which did manifest hypersensitivity. Three of 
these six animals developed some degree of skin hyper­
sensitivity, as revealed by the intradermal injection of 
larval antigen and slight reaction following attachment of 
the nymphs and adults. 

(c) Tick Fevcr.- The life history is being studied of 
Babesia bigeminum in the tick, and ultimately in cattle. 
Larvae become infected, and infect ion is transmitted either 
by adults from these larvae, or by their larval progeny. 
Larvae derived from uninfected adults and nymphs which 
have subsequently engorged on an infected animal have 
not yet produced infection in normal or splenectornized 
calves. 

Weekly peripheral blood smears were obtained from all 
calves up to six months old, and monthly samples from 
all other stock. Only one of eleven calves sampled within 
seven days of birth has shown the presence of B. 
bigeminwn. All have shown A11aplasma marginale nt 
some time whereas only two have shown Theileria nmtans. 
Among the adult cattJe, 24 out of 57 animals have shown 
T. mutans at one or more samplings. 

(d) Part//enogenetic Development in H aemaphysalis 
bispinosa.- Larval progeny of fl. bispinosa from cattle in 
the field have been reared to adults on the rabbit. Of 1702 
unengorged adults, only five were males. Four males were 
allowed to engorge on the rabbit in the presence of 
females. No sperms were seen in the genital tract of the 
fema les, and no functional spermatozoa in the testes of the 
male. Engorged adult female H. bispinoso reared without 
the presence of adult males have laid fertile eggs which 
have hatched to viable larvae. Some of these have been 
reared to engorged nymphs. 

5. BIOLOGY AND CONTROL OF THE CATTLE TICK. 

(Division of Entomology.) 

Study has continued of ~caricidc resistance in the cattle 
tick, and the screening of new acaricides. An infra-red 
spectrometer gave increased range and output in acaricide 
analyses. Marked advanc:es have been made in the applic'1-
Lion of pasture spelling, and ecological investigations have 
been exten<led to the most important types of cattle country 
in Queensland. The eradication campaign in N ew South 
Wales has continued. 

(a) Acaricide Resistance.-(i) DDT Resistance.-Ticks 
with a low-order resistance to DDT have been detected on 
one further central Queensland property. They can still 
be controlled with 0.5 per cent. pp'-DDT. DDT resistance 
has not developed elsewhere. 

Of six strains of cattle licks from northern New South 
Wales where tl1e e radication rnmpaign failed, five were 
found to be completely DDT-susceptible, and one to have 
a negligible degree of DDT tolerance. Failure of the cam­
paign was not therefore due to DDT resistance. 

( ii) Multi-resistance.-Cattle on a central Queensland 
property where ticks had become DDT-resistant were 
subjected to ten months' dipping in BHC and four months' 
dipping in dicldrin. These ticks were resistant to dieldrin, 
and retained their former dcgre~ of DDT resistance. 

( iii) Loss of Resistance.-A DDT-resistant strain 
reverted to a low-order resistance, and a dieldl'in,-resistant 
strain reverted to almost complete susceptibility during 
culturing for fourteen and eight generations respectively. 
Spraying of infested animRls with the respec11ive ncaricides 
resulted in one generation in a return to high resistance ot 
the previously dieklrir..-resistant strain , and a slight increase 
in resistance of the reYerted DDT-resi!:tant strain. 

(h) Factors 111fi11encing Toxicity of Acaricides.- (i) 
Aging of Dips.-Samples from well-used dips charged 
with DDT have proved more toxic than laboratory pre­
parations of the same concentration. One freshly charged 

• 

• 
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DDT dip. in which the hnrtlncs~ of the water nccessit:itcJ 
chemic .. ! '\'heninv. had • vcr)' Ima. to\icit}. but J sample 
I mm the ,.urn: \Iii' .1hcr .1bout a vear of use showed 1h1H 
to\icity hue.I mcrc.l\ed · 

l ii} I 11fl11t: ti<'<' of Pon-trrntmt'llf Tt!mpt!raturt!S 011 

To:cic:ty oj DDT.-Rcduc11on in temperature favours the 
action ol DDT on 11ck.s Untreutcd nod DDT-Lreat:!tl 
tic!..'> \\Crc ewo,ed in lhc fidd DI monrhly intervals. 
1 reateJ tick\ olw:ivs proJulcd less progeny than untreateJ 
t1cl.s. nml foikd to lay any cgs nt all between April and 
September. '' hcrcns during most ol the winter. untreated 
ticks produced some progeny. 

(c) Pi•r,\i,wenC"t' and Fate of Acaricides on the Coats of 
Cmrle.-(i) Diazi11cm.-The reason for the brief per­
s istence of di:w.inon. 011 cntt lc hnir is being studied. Theru 
wns a murkcd corrclntion between persistence :mu coat 
density, .ind the winter coats of cattle may retain on 
cO'ectivo tlcpo~it of dinzinon 1or ten times the period that 
ii persists l)n the short summer coats. The deposits pcr­
-;is1cd no longer on cittle shnued in. staJls th:m on catllc 
!'r,1zinr in the open "lo evidence of cvJporation from 1he 
hiJc w~1!i obl:lincJ, nor did chemical brc:ikdown of diazinon 
o cur on caulc hnir nl various humic.li1es i11 vitro. Loss of 
d1azinon b} absorption into lhc ski1> is being investigated 
b} rad101rnc~. 

(ii) DDT.-h \\ ns confirmed that formulation bas a 
pronounced effect on the size of the initia1 DDT deposit 
left on the co:m of Callie. but there is no si1?nificant 
difference in 1he per i~tency of cO'ccrive deposits. o~greas­
ing the co:ll'i of callle before ~praying did not increase 
the persf\tency of DDT. 

(d) Fit'ftl anti Lalmratory Tt!sting of CMmicals as 
AC"ariC"iJt.{.-(i) DDT-Diazi11m1 Mixlttre.-A mixture of 
0 5 per cent. pp'-DDT anti 0.05 per cent. diazinon in a 
dipping vat continued to give clTeclive tick control. A 
new bioassuy technique howcd that there is no synergistic 
ac tion between the dfozinon and the D DT. 

(ii) Dayer "2I/199 ".-This organic phosphorus com­
poun·d w:is lcst;~d in 11 dip us n wettable powder at 0.05 per 
cent. "211199 ". 11 wns highly to-.ic to cattle ticks. 
11fforded a protective period of 4-7 days. and was stable in 
lhc dip. 

(iii) Malathion.-An emulsifiable concentrate was more 
to\ic 10 11ck'I th.in emul>.ions rind we1tiibl..? pow<lers tested 
rreviously 

I e) Pmt11re Spcllin1: E.-cprriments.-(i) Smn/l-sca/e 
Cmurnllt'tl £.\pulme11t.-TI1c treatments io the pasture 
.,pclling eitpcriment at Amhcrley were reversed. Heavy 
infcsiation'> 'lowly built up on callle formerly grazed only 
on ~pdh:d pasture:., but now running continuously on. at\ 

unsubdh·1ded paddock Thei.c cattle, due to virtual fr~do:n 
from tick in the previous year. remain larger and heavier 
th:in the cattle formerlv grazing in the heavily infested. con­
linuousl} stocked p~1ddock. Heavy infestation on. the hero 
previou~ly on continuous grazing dwindled under pasture 
spcllin~. hut. co:i1rary 10 earlier exp~rience.. some seed 
ticks overwintered in the paduock vacated from May to 
early September. Thus, :il1hough the cattle lost their 
infe'ltutions on cnch change of pnsture, light to moderately 
henvv tick infc<1t11t1ons huilt up before the nex:l move. 
Negligible numhers of l:irvae survived the January-April 
period, ond the hcnvy in(cst:ition which the c:itt le Jcft 
behind in the pasture wns reduci?d to ;:i very low level three 
month.; later. None of the cnulc were srrnyed during the 
year. 

rii) L111·1:e•.\'Clill• F'ield Expcriments.-The three-year 
trial nt C'nlliorie (ccn1rnl Queensland) concluded in 
I .muttry I 95R The ~chemc for 1957. in which 450 ca tile 
were co.,'lned ro one paddock during the wet season. and 
1hen divided betv•cen two ~pelled paddocks during the dri..?r 
month~. l'WC c.;ccllent tick control with dippings i'l 
Januarv. April. Julv (for lice). :md October. At Towns­
viOe 250 caulc were d1rped rwice before coterine n 
paddock which h.1d hccn spelled for three months. Four 

months nfler entering this paddock the cattle had very 
low 11cl. infostalJons. Several graziers have reponcJ 
promising results from their own pasture spelling trials 
involving hundreds or thousands of cattle in northern and 
ceotr;1l Queensland. 

(/) Biology and Ecology of Cattle Tick.- (i) S11n1iva1 
of No11-pnrasitlc Stogt:.r.-Jn the study of strategic dipping 
11nd p.1~ture spelling, observation!> on uck survival began 
near Charters Tower (rainfull '.!3 inches), Townsville (40 
inche~) .• ind Ingham (85 inches). 

Jn .. oulh Queensland the massed progeny of a num~r 
of ticks survive longer thnn1 those from single ticks, und 
survivnl in sclcrophyll-lantnnu forest exceeds thnl in open 
gras.<iland. 

(ii) A rtaclwblllty of Aged Larvae.-Larvac six and 
eight weeks old uovctoped into nymphs whc.n placed in 
small containers secured to shaven areas on, a s teer. 

(iii) flt•lim•io11r of Lttrvato.-Larvae of the cnttle tick 
nml I i:otlc:.r '10/oC"yclt1.r were liberated in lantnna thicket 
and grnsslund. Jn both situntions /:xodes larvae travel led 
downwards to the soil surface, whereas cattle tick larvae 
ascended in the thicket as high as 5 feeL 1. ho/ocycl11:r 
behaviour may renccl adaptation to rodent and baodicool 
hosts, 10 contrast with that of the caule rick. which is 
adapted to large ho~ts. 

6. INVe5TtOATIONS WITH DAIRY CATTLE. 

(Division of Animal Health and Production .) 

(a) Nucleus fluds of Sindhi nnd Snhiwal Cattlt!.-Two 
bulls from the Sahiwal herd at the McMaster Field 
Station were destroyed, and a cow from the Sindhi herd 
died. One youn& purebred Sindhi bull and two Sahiw:il 
x Jersey cross bulls were donated lo the Queensland 
Department of Agriculture and Stock. T wo Sahiwa1 bulls 
hove been sent 10 the Veterinary School, B risbane Univer­
sity. for anntomical studies and two lo the Veterinary 
Paras itology Laboratory, Yeerongpilly, Queensland, for 
observations on breed susceptibility to cuttle tick infes1n­
lion. 

P resent herd numhers at the McM astcr Field Station are: 
Sabiwnls-thrco moles, six females; Sindhis-four males. 
six females. 

(h) Progress in rite Zebu-Cross Dniry H erd.-A further 
twenty Jersey heifers were obtained during the year nnd 
mated to Zebu bulls. There are at present 57 Jersey 
females. twelve F 1 Sindhi x Jersey heifers and eight bulls. 
and •;evcntcen F1 Snhiwal x Jersey heifers and eight bulls. 
The fir•t P1 '< F, mating~ took place this autumn . 

(c) Coat Sltt!ddi11g Srudit!s.-(i) ObservaJiom on Sindhi 
"'"' S 11i1•·al Cnn/~.-Examination of hair samples has 
been completed. and the data are being analysed. 

(ii) Growth and Dt!vt!lopment Stttdies with Calvt!s.­
Thc collection or mnterial is continuing. 

(iii) Shedding a11d Pinnt! of N11trition.-Investigations 
arc complete antl material is being analysed. In contrast 
lo ad II/I. feeding, starvation appears to cause a reduction 
in sweat gland volume. An anticipated increase in follicle 
population per unit area lo compensate for reduced total 
skin area in the starved Callie did not occur. H air sam ples 
ure being examined for medullntion and for length and 
diame1er relationships. 

(d) S1ve(l f Glt111d Studies.-(i) /Jread Sur11ey.-A sur­
vey has commenced of Eu ropean dairy breeds, to obtain 
comparntive information on gl11nd vol ume aod density of 
follicle populn1ion in summer and winter. 

Through Lhc co-operation of the New South Wales Stale 
Dep::irtmenl of Agriculture this survey was extended to four 
other purebred dairy herds. in audition to the Field Station 
Jerseys, namely, Fries ian, Ayrshire, Guernsey, and IDawarra 
Shorthorn. 

(ii) Vt1rlatio11 i11 Sweat Gland Size, Number, and Dir­
tribllli<m.-Four Sahiwal and four Jersey cows have been 
sampled at a number of points over the body to provide this 
information. 



1. B'EBF PRODUCTION JN AUSTRALIA; 

(Division of Animal Health and Produation.) 

. The following studies (a), (b), and (c) are under the 
d1recti6n 6f the William Mcllrath Fellow In Animal Hus­
bandry at the McMaster Laboratory; 

I 

(a) Co-ordination of Beei Cattle Investigatio11s.-Co­
ordina ted investigations conducted by the Departments of 
Agriculture in New South Wales, S6uth Australia, and Tas­
mania are continuing. A summary of research projeets 
tlndertaken by the Queensland Department of Agriculture 
and Stock and by the Organization was included 1n tlie 
report prepared by the Eighth Meeting of the Technical 
Sub-committee on Animal Production. The report reviews 
most of the beef cattle research projects in nutrition and 
allied fields in Australin and includes a summary of studies 
on compara tive seasonal pe rformance, upgrading from da iry 
stock, effect of time of calving, the performance of northern­
bred stee rs when transferred to a southern environment, 
influence of supplementary feeding, pen and yard feeding, 
drought feeding, vitamin A status under different nutritionai 
conditions, crop fattening, comparative breed performance, 
performance on irriga ted pastures, tropical legumes and 
grasses for fattening, inland and coastal grazing, feeding 
stud cattle, use of hormones, use of phosphate supple­
ments, progeny testing, and carcass appraisal. 

(b) Use of Hormones in Beef Production.-Together 
with State Departments of Agriculture the value of hexoes­
trol and stilboestrol is being studied as growth stimulants. 

(c) Other Beef Cattle Investigations.-Work is con­
tinuing on the feeding of stud cattle and the estimation of 
percentage of body water in vivo. 

(d) Pre-Natal Development of Skin and Hair in Cattle 
(Sheep Biology Labora tory) .-A histological study has 
been made of the development of the skin and hair follicles 
in 33 cattle foetuses, ranging in age from 68 to 274 days, 
and seven newborn calves, of various breeds. Skin 
samples were taken from the midlateral region of the 
trunk for counts of the follicle and hair population, and for 
skin and hair follicle measurements. 

Follicle initiation extends from about the 77th day of 
gestation to about the 166th day. First-, later-, and last­
formed follicle types are recognized and their special 
features and rates of development recorded. Since all the 
follicles are associated with sweat glands, and arrector 
pili muscles, no attempt was made to classify them into 
primary and secondary types similar to those described in 
sheep and other mammals. The hairs of the first-formed 
follicles emerge at about the 200th day and twenty days 
later most of the follicles have emerging hairs. 

Branching of follicles was not observed as in sheep and 
other mammals. There is, however, the phenomenon of 
pairing, apparently not previously described in mammals, 
where two (occasionally three) follicles, rising indepen­
dently from the epidermis, share a common hair canal. 

Post-natal histological studies are needed of the integu­
ment, particularly of the seasonal influence on the hair 
cycles, for a better understanding of variations in the 
bovine coat associated with acclimatization. 

Skin samples were collected from 22 foetuses of Zebu x 
Hereford and Zebu x Shorthorn strains, ranging in age 
from 77 to 263 days, and from ten newborn calves of 
Zebu x Hereford, Zebu x Shorthorn, and Zebu x Jersey 
strajns. These will be used for comparative studies with 
the material from British breeds. All the fo:!tuses have 
been preserved entire; they have a common sire and are 
from cows which were artificially inseminated at the 
National Cattle Breeding Station, Rockhampton. 

Data have been collected for a comparative study of 
the pre-natal linear dimensions, body weights, and external 
features of the roetuses. 

(e) Drought Feeding of Cattle.-(i) All-grain Rations. 
-Under pen conditions Hereford yearling steers were 
maintained for twenty weeks on a daily ration of 2.8 lb. 

whole Wheat per head per day pius 1 per cent. finely 
ground limestone, Mean liveweight decreased from 586 
to 427 lb. Similar cattle fed 1.8 lb. oaten hay, and 1.8 lb . 
whole wheat plus limestone per head per day decreased in 
weight from 584 to 464 lb. All cattle remained in good 
health and· no deaths occurred. 

(ii) Daily versus Weekly Feeding on All-grain Rations. 
-Two groups of eighteen-months-old - H ereford steers 
with a mean iiveweight of 446 lb. were fed, either daily or 
weekly, 3.47 lb. 6f whole wheat grain plus 1 per cent. 
grounJ limestone under pen conditions. Over sixteen 
weeks both groups maintained weight and there was no 
liveweigbt difference due to the method of feeding. At the 
conclusion of the experiment cattle fed weekly were 
livelier. This was associated \vith better coat shedditlg, 
earlier teeth eruption, artd higher values for haematocrit, 
haemo2lobin, red blood cell counts, and serum vitamin A. 
Two of ten animals in the weekly fed group had to be 
withdrawn because of weakness artd one beast in the daily 
fed group died. 

(iii) Methods of Establishing Weekly Feeding of ml Ai/­
grain Ration.-Hcreford yearling callle were established 
on an all-grain ration (2.8 lb. whole wheat grain per head 
per day) in one week and changed directly to weekly feed­
ing after a further week without untoward incidents. A 
second group of similar cattle treated identically for the 
first two weeks were gradually switched to weekly feeding 
over a further two weeks. There was no advantage in a 
g radual as compared to an abrupt transition to weekly 
feeding. 

(f) Coat Clipping Studies.- Hereford weaners with 
normal winter coats made better weight gains than clipped 
<mimals when mean air temperatures were below 50° F. 
Skin but not rectal temperatures were lower in clipped 
animals. Jn Galloway heifers clipping reduced skin aml 
rectal temperatures but had no effect on liveweight gain. 

(g) lmp/a11tatio11 of Synthetic Oestrogens.-Implants of 
60 mg. hexoestrol in two-year-old Hereford steers in poor 
condition gave no increase in rate of liveweight gain over 
~ period of four months as compared with untreated 
.nirnals. Mean Jiv.eweight increased from 423 to 775 lb. 

(h) AdnpWtion. to a Tropical Environment (Rockhamp­
ton Laboratory).-(i) Coat Type and Performance.­
Further observations confirm a relation between coat type 
and performance. A subjective coat score has fairly good 
prediction value for growth weight of weaners, for fer­
tility of cows, and for birth weight of their calves. Jt 
seems doubtful whether the effect of coat type upon heat 
regulation, although it is strong, accounts for all the 
association between coat type and performance. Coat 
lype may be an indicator of physiological well-being more 
than a cause of it. 

(ii) Analysis of Coat C!taracters.-Furtber attempts 
:ire being made to analyse the contribution of various 
coat characters to overall coat quality in relation to skin 
temperature and growth rate. It has been difficult to 
obta in suitable sets of data with all concurrent informa­
tion to provide definition of coat characterization. To 
reduce complexities, short-term growth and sheddin~ of 
hair are being studied as distinct from the coat as it is 
found. 

(iii) Sweat Glands: Form and Function.-Analyses are 
proceeding of skin thickness, sweat gland size and mor· 
rhology, gland density, and surface area of glands pe1 
unit a rea of skin. in relation to age, season, body weight. -
breed and individual differences, and other characters. 
No significant seasonal effects have appeared. Gland size 
i~ high i_n ~rahman and Afri~ander. cross, but density, 
though high m Brahman cross, is low 10 Afrikander cross 
Within breeds. highly significant differences between ani­
mals are demonstrated for all skin characters. Sweatin!) 
rates in the field show highly significant breed difference~· 
These are well correlated with coat type and with growth 
·rate, but no relation to sweat gland size has yet been 
found. 
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(iv) Eye Lesions.-The incidence, persistence, and -the damage they cause, is mainly carried out by the 
development of pre-cancerous lesions of the eye in Herc- '1\ Division of Entomology. Collaborative work is, however, 
fords is being studied in relation to pigmentation o( lids, : ,unclcrtakcn by the Divis ion 011 special problems in con­
corncoscleral junction. and eyelashes. Strong relationshir- .~ junction with other laboratories . Research on insects 
ex ists between lesions and lid pigmentation, and the latter 

1 
a!Tcct ing animals is done partly in co-operation with the 

is highly heritable. Division of Animal H ealth nnd Production and is reported 

8. CATTLE B REEOINO INVESTIOATIONS. 

(Division of Animal Health and Production.) 

The followi ng investigations are in progress a t the 
Na tional Cattle Breeding Station. " Belmont", Queens­
land. 

T he 1957 calving was the fourth in the two main breed· 
ing experiments. 

(a) Crossbreedi11g Project: Rflle.~ of Growt/z.-Obser­
vntions have now been made on four drops of progcm. 
from six crosses. Afrikander or Zebu bulls mated with 
Hereford or Shorthorn females give progeny which grow 
foster and to heavier weights than the Hereford x Short­
horn or Shorthorn x H ereford cross breds. The first F 
mating was made in 1957 between crossbreds of breedinf 
A frikandcr x Hereford, Afrikander x Shorthorn, Zebu x 
H ereford . and Zebu x Shorthorn. 

(h) Northern-bred and Southern-bred Herefords.-It is 
now fairly clear that the southern-bred strain has beco 
inferior to the northern-bred in all aspects of production 
No further matings will be made in this experiment. 

( c) Artificial lnsemi11atio11.- A calving of 54 per cent. 
was obtained in a herd inseminated in 1957 with deer 
frozen semen which had been collected by artificial vagin:: 
from Zebu and Shorthorn bulls. Additional bulls, includ· 
ing crossbreds, have been trained as semen donors. Com­
mencing a t 80 days from conception, 21 pregnant cows 
were slaughtered a t 20-day intervals to obtain material 
for studies in the histology of foetal skin and hair. • 

(d) Dentition Studies.-Up to the age of about 27 
months appreciable breed differences have been observed 
in s ize of temporary teeth and in time and nature of their 
eruption, but during the next year of life most of these 
differences have disappeared. Jn the animals under 
observation l'ime of eruption of permanent incisor teetr 
has proved a poor indicator of age. No standard patterr 
has been observed either within or between breeds, nor is 
thP.re anv evidence that rate of growth of the animal ii: 
:iffecterl bv earliness or lateness of eruption. 

(e) ConformdJio11-Carcass Studies.-Studies wer 
commenced using 1954 m:iles a~ the experimental animals. 
Soecial facilities for the carcass appraisal work have been 
rrovided a t the Lakes Creek Abattoir of the Central 
Oneensland Meat Export Company. 

9. SWEAT GLANDS TN CATTLE. 

(Animal Genetics Section.) 

The volume of sweat glands has been shown to be­
hil!her in breeds which are supposed to be heat tolerant 
Oifferent ero•1ps of Shorthorn, Santa Gertrudis. Zebu Y 

Shorthorn cfClsses. American Brahmans, Afrikanders, anc' 
two pure Jndi:m Zebu breeds. Sindhis and Sabiwa\s. were 
Cl')moared an1 their sweat uland volume follows ctosel• 
tl-i eir supposer\ heat tolerance. 

Counts of resting and active follicles in cattle skin 
gfi"w tht c::ittle !'J"OW two coats ir the year, one in spring 
:1n' I C'ne in autumn. 

TX. ENTOMOLOGY. 

1. GENERAL. 

Tn Austral ia. as in most other countries, there are 
1h,...w~11ds of imecics of insects. mites, and ticks which cause 
~e··io· • s harm to domestic rl:mts and animals and to th 
produc ts of these used by man. The investigations of such 
pe~ts . with the ultimate objecl of reducing or preventing 

in Chapters VII and VII I. The Division cooperates with 
the D ivision of Forest Products in the study of pests of 
timber (see Section 14 of this Chapte r, and Chapter XIV., 
Section 6), with the Division of Plant Industry on certain 
pasture problems (see Section 3 of this Chapter), and with 
the Division of Industrial Chemistry (see Section 16 ot 
this Chapter). 

Division of E11to1110/ogy.-There have been no majo1 
changes in the research programme of the Division during 
the year. 

Great stress continues to be placed upon the ecological 
nppro;ich to pest problems, with the realization that it is 
insufficient merely to find better ways of killing insects 
in order to effect their control. 
~ n officer has recently commenced work in Queensland 

on the biological control of Noogoora burr. Also an 
officer was sent to Hawaii to collect and breed large num­
bers of fruit fly parasites. Regular shipments of these 
arc being made to Sydney, and after a careful identity 
check to ensure that undesirable insects are excluded, they 
·.ire being liberated in eastern coastal regions. 

Good progress has been made in the implementation 
of the recommendations of the Cattle Tick Research 
Review Committee. An officer has been appointed to 
study the ecology of the cattle tick in north Queensland, 
and arrangements have been made to lease a small 
;>roperty near Ingham where pasture spelling experiment> 
,viii be carried out. Additional facilities have also been 
provided at Yeerongpilly and Amberley so that work on 
cattle dips and pasture spell ing can be intensified. 

2. INSECT P HYSIOLOGY AND TOXICOLOGY. 

(Division of Entomology.) 

( n) Di11estion of Wool by lnsects.-Studies of the 
mechanism of digestion of wool by insects have continued. 
Recent improvements in technique have Jed to the purifi· 
~ation of the protease from clothes moth and carpet beetle 
larvae. Studies on the effects of these preparations on 
wool under similar conditions to those found in the ins~ct 
3ut show that na tive wool is digested to a considerable 
extent by the clothes moth protease in the absence of 
reducing agents. Digestion in vitro is increased by the 
effect of thiols or other reducing agents, and it is thought 
'hnt thiols play an important part in the digestion of wool 

·by insects. Elemental sulphur has been demonstrated in 
clothes moth excreta. 

(b) C111icular Proteins.- TI1e larval cuticle of a beetle 
w:rn found to contain approximately 60 per cent. protein. 
Of the proteins, 56 per cent. is bound to other cuticular 
-;omponcnts, especially chitin, by covalent bonds. In 
ic!di tion there is: (i) a protein fraction (14 per cent.) which 
;~ not bound to other compounds and is extractable wi th 
'-V:ller: (ii) two small fractions, one (2 per cent.) bound by 
•Jie van der Waals force, the other (3 per cent.) by salt 
'inkagcs or double covalent bonds or both; and (iii) a 
'nrnc fraction (25 per cent.) bound by hydrogen bonds. 
The various protein fractions are heterogeneous and their 
·1 mino acid compositions hnvc been studied. Important 
iuantitative ·differences exist, although the various protein 
rrnctions have a s imilar qualitative amino acid com­
position. 

Determinations have also been made of the inorganic 
-:onstituents. ch itin (37.2 per cent.), lipoid (3.2 per cent.). 
1nd nolvrhenol oxidase activity of the entire cuticle. The 
cuticle j!3Ve 0.49 per cent. ash of which half was calcium 
'>'lidc. The next most abundant metal was magnesium. 
The ratio of calcium to magnesium in the cuticle, in the 
larval blood, in the wood on which the larvae were feeding, 
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llud in the frass excreted was approximately the same 
(5 : I), which inuicates that there is no preferential accumu­
la tion o( calcium or magnesium and that tbe calcium and 
m agnesium content of the cuticle is directly related to that 
of the blood. 

(c ) Sig11ifica11ce of Pole Cells in Flies.-Circumstantial 
evidence has suggested lbat tbe pole cells of higher 
Diptera not only arc the source of the germ cells of the 
gonads, but also play a role in the formation of the midgut 
epithelium. This has now been demonstrated experi­
mentally by damaglng the pole cells of Drosphila and 
Lucilia by exposure to a controlled beam of ultraviolet 
radiation at 2537 A. D epending upon the stage of 
cmbr~ ological uevelopmen t a t the time of treatment, not 
only t!l"e the germ cells reduced in number or lacking, but 
c :::ria in specialized midgut cells may suffer a similar fate. 
Electron micrographs of sections show that these 
specialized midgut cells, which have specific functions, 
such ;.s the accumulation of copper, have a fine structure 
which distinguishes them from other midgut cells. 

3. INSECTS AND VtRUSES. 

(Division of Entomology.) 

(a) Insect Tissue Culture.- Considerable progress has 
been made in the establishment of insect tissue culture 
as a technique for use in virus studies. Media have been 
improved so that it is possible to maintain some tissues 
in culture for many months. A polyhedral virus disease 
appeared spontaneously in a series of cell lines submitted 
to sudden changes of media, whereas similar lines kept in 
adequate media remained healthy. 

(b) Vimses of !11sects.- Expioratory work has been 
sta rted on several new diseases of insects. A granulosis 
of caterpillars of a moth Doratifera, and a polyhedral 
d'sense in larv~e of an Emperor gum moth have both 
been investigated. A very interesting disease showing a 
relationship with Rickettsia melolo11thae appeared in the 
eucalyptus snout beetle. Go11ipterus sc11tellat11s. The dis­
covery of this disease may prove important economically. 
for the snout bettle is still a serious pest of eucalypts in 
some countries despite the importation of parasites from 
Australia. 

(c) Viruses of Plants.- The importance of the virus 
disease, subclover stunt, from northern New South Wales 
to Tasmania and Sooth Australia, has been increasingly 
appreci:tted. The pathogen is a persistent vims and the 
main vector is A nhis craccivom. This aphid migrates 
southward annually in great numbers from northern New 
South Wales where it overwinters on burr medic and 
other forage plants. Infected burr medic remains a virus 
source for long periods and thus provides a reservoir of 
tf1c virus during the winter. The majority of commercial 
varieties of subterranean clover, including Mt. Barker and 
Bacchus Marsh, a re severely affected by the disease. 
Approximately 340 strains of subterranean clover from 
Australia and Europe have beeo examined for resistance to 
this virus. Eight of these strains have shown some degree 
of resistance. One of the resistant strains is Tallarook. 
which has certain useful agronomic characteristics. 

Efforts have been made to determine whether the maize 
wallaby ear disease is caused by a virus or by the toxicity 
of lhe saliva of the vector. An extensive trial with five 
species of dodder failed t'o reveal any transmission by this 
means. 

4. POPULATION DYNAMlCS. 

(Division of Entomology.) 

(a) Theoretic{([ and Laboratory Studies.-Laboratory 
cultures of the Australian sheep blowfly (Lucilia cuprina) 
have been held for long periods under both constant and 
fluctuating conditions, ranging from highly favourable to 
extremely adverse. Tt was found that the populations of 
flie~ automatically accommodated themselves to all these 

varied conditions, provided unfavourability was not 
extreme. The resultant of such automatic accommodation 
was the maintenance of the populations at, or fluctuating 
about, particular levels of numbers. These were related 
to the prevailing conditions, although numbers were often 
higher when there was heavy mortality or low fertility than 
under more favourable conditions. In addition, it was found 
Lhal the populaLions remained stable in. spite of a profound 
change in Lhe properties of the flies, owing to natural selec­
tion in some cultures in which only minute quantities of 
mealy food were provided for the adults. Flies of these 
selected strains not only laid exceptionally large numbers 
of eggs wben given very little meat, but also laid eggs freely 
when completely deprived of such food. That is to say, they 
become adapted to live under co11ditions far more adverse 
than those to which the flies were subjected during the 
period of selec!tion. 

(h) Field Swdies.-(i) Psyllid /11vestigations.-Witb 
the object of supplementing the laboratory work discussed 
above, field studies of the population dynamics of native 
insects, particularly a species of Cardiaspina (Psyllidae) 
were commenced several years ago. Outbreaks of this 
insect consistently damage and destroy Eucalyptus blakelyi 
over a large area of the Southern Tablelands. 

Recently Cardiaspina numbers have increased very sub­
stantially in those areas 1n which they had previously per­
sisted at low levels for many generations. This increase 
is associated with an unusually high percentage byperpara­
sitism for such areas and with a very imperfect corre­
spondence io, time between the life-cycles of the hO'sts and 
parasites. 

(ii) Eucalypt Defoliating lnsects.- As a result of a 
preliminary survey, two species have been selected for 
detailed investigation. These are the sawfly Perga affinis 
and the beetle Paropsis rcticulata. Particular attention 
Has been paid to the sawfiy which, in 19'57, was responsible 
for severe defoliation of several important e.ucalypt species 
over thousands of square miles in western New South 
Wales and northern Victoria. This species has been present 
in even greater numbers during 1958; thus an ideal oppor­
tunity is presented for the study of its popula tion regulation 
under outbreak conditions. 

Considerable progress has been made in an investigation 
of the ecology of the sawfly, and intensive field and 
laboratory studies indicate that, within the total area of 
d!stribution of the species, P. a/finis occurs as a mosaic of 
more or Jess discrete populations in, whid1 density fluctua­
tions occur independently. fnformatioo concerning 
population regulation is being obtained by experimental 
means; for example, by the introduction of dense popula­
tion.s to areas of low natural density. 

Comparable investigations have been made on the 
ecology of Paropsis. This species differs from Perga in 
that it does not fluctu ate appreciably in numbers either in 
space or in time, which suggests that its mechanism of 
population regulation is of a rather different type. 

(iii) The Gum Leaf Skeletonizer (Roeselia sp.) .-A 
population study of the moth Roeselia has been initiated 
with the abject of ascertaining the causes of its present 
extensive outbreaks in the river red gum forests 
(Eucalyptus camaldulensis) along the Murray River and 
!he possibilities of preventing such outbreaks. Many trees 
m these valuable forests have already been defoliated com­
ple~ely an~ th_e o~tbr:ak shows no si~p of diminishing. 
Tlus mvest1gatton 1s berng undertaken with the cooperation 
of the New South Wales Forestry Commission. 

5. INSECT SYSTEMATICS. 

(Division of Entomology.) 

(a) Diptera.- Some progress has been made on a 
revision of th~ Calliphoridae or blowflies, and on cettain 
other groups, mcludmg some parasitfo flies. Revisions ot 
the Pyrgotidae and Acroceridae have been completed. 

.. 
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\ b) H yme11op1era.-Trus order includes many iroportanL 
pa.rasitic wasps, parlicularly lhose of the superfamily 
Cbalcidoidea, oo which systematic studies have been in 
progress for several years. SpeciaJ attention bas been 
given 10 the bymcn-0ptcrous parasites of severaJ groups ot 
insects on which ecologic~ or biologic;1l control investiga­
tions arc being carried out. Notable amongst these are 
psyllids, aphids, sawflies, and the codJiog moth. 

(c) Lepitloptera.- A revision of the pink bollworms ot 
cottoo (Gclechiidac) nod related species in Australia hns 
been completed. Further progress has been made witb a 
comprehensive rcclassifici!.lion ot the Australian Tortricidae, 
special attention1 being given to the systematic posiLion and 
relatives of two important pest species, the lucerae leaf 
roller and the light-brown apple moth. 

At the request or the Stmc and Commonwealth 
authorities responsible for the deveJopment of Lhe ri'::.:! 
industry in the Northern Territory und the north of 
Western Australia. a study o f the taxonomy of the rice stern 
borers (Schoenobiinae. Pyralidac) has been undertake n. At 
teasl one species1 not previously described, has been 
responsible for considerable losses in rice crops in Ibis 
country. 

(d) Scaraba1.1oiden.-A revision of the Rutelinac 
(''Christmas beetles") has been completed. 

(e) Acridoidca.-Work is continuing on Volume IV. of 
the monograph whicb is being prepared by an American 
specialist on this group. As a result of a survey of the 
locusts and grusshoppcrs in. nortb-wcstero Australia, further 
vnluable material for study has been colJccted. 

(/) Psyllidae.-A revision of the genus Cardiaspi11a, 
with descriptions of new species. is being p repared in con­
nexion with field population studies on these insects. 

6. EcOLOGY OF ORCHARD PESTS. 

(Division of Entomology.) 

(a) QueenslPnd Fmit F/y.-Studies on fruit fly ecolo&'Y 
have been in in progress at the University of Sydney 
(Oeparlment of Zoology) for several yea rs, with fi nancial 
support from the Rural Credits D evelopmen t Fund. 

Samples of fruit fly populations were obtained over 
several years from Cairns, Brisbane, Sydney, and east 
Gipps1and ior the purpose of comparing them in the 
laboratory at Sydney. The object of this was to determine 
how populntions of Dacus tryoni have adapted themselves 
to spread into areas with s1,1ch widely different temperatures. 
This work was completed in March , 1958. fn general 
terms, it wns found rhal the more southern strains at all 
stages were more resistant to both low and high tempern­
tures than were strains from the more northern regions. 
This was found to correJa1c well with 1he greater frequency 
of extreme tcmperamres in the more soi1thern regions. 
A p reliminary experiment to provide information oo the 
djspersal of adults has been carried out. 

( h) Codling Motlt.-The objective of this new investi­
gation is lo Improve control by rela1ing the ecology o f ~he 
codling moth Lo that of the insects and mites with which 
it is associated. Present work consists of: ( i) a general 
survey of the current situation in severnl fruit growing 
centres of New South Wales; (ii) a preliminary investigation. 
of eotUing moth ecology in the Canberra ~rea; (iii) a study 
of the distribution of codling molh eggs m an orchard, ru; 

a first step in the developmeni of sampling methods on 
which to base a quanti tative study. 

7. Loc usTS AND GRASSHOPPl!RS. 

(Division of Entomology.) 

(a) The A uslroli<m F'/ague Locttst.-Preparations for 
the Commonwt>alth-State trial in New South Wales of a 
proposed method of outbreak suppression, bns~d upoo 
ecological considerations, have been advanced considerably. 
So that' a more comprehenstvo srudy oould be made of the 

population trends in the Bogan-Macquarie o utbreak are.'I, 
the uurnber of popufation assessment ceolre!i has been 
increased from 27 10 53. Assessments made in November, 
Febn1 ... ry, anJ April showed that the locust popolation 
density was well b: low critical levels. 

The particulars of nU properties lying within tbe out­
break urea have now been recorded, untl the work of 
surveying the soil types rmu vegetation dominants has 
continued. Under tlircction. of the commillee o( manage­
ment for the triaJ, ollicers of the Div:sion hnve co-operated 
with officers of the New Soutb Wales Departmenl of Agri­
culLurc in arr:1ngin2 to get more efticient rt!ports of locust 
activity withi n the Bogan-Mncquarie outbreak area. 

(b) Soliwry Grasshoppers.-Plumlacritlium vittatum 
nod Austroiceres p11silla Ouctuate between. wider extremes 
and maintain hjghcr Jevels of population density in the 
Southern Tablelands chan other species of grasshopper. 
The l1Ccurrence of peak populations of both species is 
associated with rela tively dry conditions between August 
and the time of emergence of nymphs in October or 
November or with overgrazing. The outSLanding cbarac­
teristic of P. l'ilfat11m is its sedentary habit. Outbreaks 
of this species result from multiplication and survival in 
many favourable places rather tbao the dispersal of 
individuals from a few outbreak centres. 

Recent work bas shown lbat young nymphs of P. 
vi11atum, A. pusil!a, and Oedalcus australls " prefer " 
areas of extremely Jow p lan t cover and thal their popula­
tion densities in pasrures ore inversely related to the density 
of plant cover. The introduction of subtcmmenn clover 
into native pastures and the selective grnzing of areas by 
sheep have resulted in a rclalivcly high degree o f 
permanence of sites favourable to these species. 

P. vittatum feeds predominantly on rosette-forming or 
procumbent species of plants which arc inaccessible to 
stock; but. u nder conditions of food shortage, it under­
takes short-dis tance migrations 10 the nearest green vcgeta· 
tiou, usually tr ees, crops, or gardens, where it does 
considerable damage. 

(c) Locusts and Grasshoppers of Northern Australia.­
During the autumn of 1958 a survey was made of locusts 
and grasshoppers of the Kimberley rcgioni of norto-westero 
Auslralia. Little is known of the insects of this region. 
The survey added greatly to knowledge of the distribution 
of the economic species which cause diimage lo experi­
mental crops there . A sound knowledge of this insect 
fauna will become increasingly important with the develop­
ment of ncmhern Australia (see also Section 5 of this 
Chapter). 

8. P ASTURE CATERPILLARS. 

(Division of Entomology.) 

As part of a study of the ecology of a series of cut­
worms and armyworms which attack native and sown 
paslurcs and field crops in enstcm Australia, an experi­
mental study is being made of the enviroomeotaJ factors 
inducing diapause in A grotis infusa. Although the exist­
ence of a reproductive diapause has been demonstralcd jn 
11 high percentage of the migratlcg adults sampled in tbe 
spring. the rearic.g of larvae in isolation or in crowds, 
and the various conditions of constant temperature and 
photoperiod so far tested, have failed to induce " com­
parable dclny in reproductive matmation in laboratory 
reated adults. 

Economic damage by A. in/11sa in the winter of 1957 
was slight, as was expected after a n excessively d ry 
autumn. Subsequent spring migrations o( adults were oo 
a reduced scale, and popnlations of aest ivating moths nt 
-Mount Gingera, Austral ian Capital T erritory, were also 
low. Relief rains in February produced a. sudden minor 
·flush of pnsture growth on the Southern Tablelands. T bis 
was followed by nt lcnst one minor outbreak of A. 111/a.1•0 
larvae io curly March, which is most unusual. 
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9. LUCERNE FLEA AND RED-LEGGED EARTH MITE. 

(Divis ion of Enlomology.) 

(a) Insecticidal Control.- Aerial Application.-A sur­
vey of the results of commercial aeroplane spraying oper:l­
tions against both pests r~vcaled that control was e ither 
excellent or satisfactory in 91 per cent. of treatments 
against the lucerne flea, and in 99 per cent. of treatments 
against the red-legged earth mite. The unsatisfactory 
results appeared to be due pr incipally to tbe use of equip­
ment producing very fine droplets (mostly less tban 1001,.) 
when a high proportion of the spray was lost in drift. 

{ b) Lucerne Flea E cology.-Field observations in 
several widely separated areas of Western Australia again 
revealed an extremely high mortality of Jucerne fl eas in 
populat:ons of high initfal density. The cause of this 
mortaWy was not determined. The possibility of its being 
a pathogen is being investiga ted. for an efficient means 
of transfer of disease organisms exists, :.is lucerne fleas cat 
the decaying bodjes of dead fleas. 

Population density changes similar to but less violent 
than those found in the field were produced in protected 
plots where the only known difference between plots was in 
the initial density of fieas. The smaller fluctuations were 
probably due to the maintenance of a continuous moisture 
supply and an almost complete pasture canopy. Labora­
tory and field studies revealed that there was little, if any, 
difference in the fertility of fleas collected from areas of 
different density. 

10. CATTLE TICK. 
( Division of Entomology.) 

This work is reported in Chapter VIII., Section 5. 

l J. S!iEEP BLOWFLIES. 

(Division of Entomology.) 

This work is reported in Chapter VII., Section 20. 

12. INSECT PESTS OF STORED PRODUCTS. 

( Divis ion of Entomology.) 

(a) Grain.- Altbough laboratory studies of the effects 
of oxygen depletion on insect pests of stored grain have 
continued, the main emphasis of the work bas shifted to an 
investigation of the consequences of leakage of atmo­
spheric oxygen into a sealed silo. Jn commercial practice 
even specially built silos arc unlikely to be completely 
air-tight and the effects of oxygen transfer require to be 
determined. 

Experiments are therefore in progress in which the 
trends of insect population density may be followed under 
conditions of controlled oxygen leakage. At the same time 
the movement of oxygen through a mass of grain has 
been investigated by measuring the coefficients of diffusion 
of oxygen through bulk wheat, maize, barley, and oats. 

The Wheat Industry Research Council bas made a 
special grant to be used for the construction of an experi­
menta l ai r-tigbt s ilo . This s ilo will have two functions: 
firstly, to provide facilities for a study of the performance 
of air-tight storage on a large scale, and secondly, to 
provide experience of this method of grain storage under 
commercial condhions. 

( b) Dried Fruits.-Furtber assistance bas been given 
to the dried fruits indust ry following the successful intro­
duction last season of methyl bromide fumiga tion of fruit 
arriving at the packing sbeds. This season the industry 
has agreed to the :idoptjon of film spraying, with pyrethrum 
in a non-volatile carrier oil, of all packed fruit in order to 
protect it from infestation by the Indian meal moth, Plodia 
interpunctella. 

13. B IOLOGICAL CoNTROL. 

(Division of Entomology.) 

(a) Weed Problems. (i) St, John's Wort.-Colonies 
of chrysomelid beetles, collected from north-eastern 
Victoria, were liberated in the Batlow and Lobbs H ole 
districts of New South Wales. An inspection made late 
in 1957 showed that the gall-fly, Zeuxidiplosis giardi, was 
well established in the field at Myrtleford, and was spread­
ing from the original liberation site. 

(ii) Ragwort.- Mass breeding of Tyria jacobaeae was 
supplemented by the importa tion of a small cons ignment 
from England. Experiments in Gippsland have shown that 
the climatic conditions there are suitable for all stages of 
Tyria, and that, were it not attacked by natural enemies, 
this species would be capable of increasing to densities 
high enough to defoliate ragwort. Its principal enemies 
appear to be the microorganisms which affect Tyria at high 
densities and the predaceous scorpion fly, Harpobittacus 
111gnceps. Although defolia tion by Tyria larvae d id not 
kill the ragwort plants, the production of seed from the 
second crop of flowers was reduced to 12 per cent. 

( iii ) Noogoora Burr.-Following a recommendation by 
tbe Australian Agricultural Council that C.S.I.R.O. should 
attempt to determine the probable effectiveness of M ecas 
.1-.1tumi11a and Nupserha antennata in controlling Noogoora 
burr if these insects should be liberated in Australia, an 
officer has been appointed to investigate this problem. 

Larvae of these two species were imported by tbe 
Queensland Department of Lands late in 1957, and are 
being held in quarantine. T he factors involved in breaking 
1he diapause in the larvae are under investigation. 

(b) Insect Problems. (i) Pests of Crucifers.-Tbe most 
important pests of crucifers are the cabbage moth 
( Plutella macu/ipennis), the cabbage white butterfly 
( Pieris rapae), and the cabbage aphid (Brevicoryne 
brassicae) . The biological control of these bas been given 
much attention in recent years, with considerable success 
in the case of Plwella and Brevicoryne. 

l o the p ast year the possibility of using insect pathogens 
has been considered. Ao extremely virulent virus disease 
of Pieris bas been d iscovered in the field. This has been 
cultured in the laboratory and successful field experiments 
i1ave been conducted with it. A field search has also been 
made for diseases of Plutclla. The most promising so far 
discovered is a fungus disease. 

(ii) Green V egetable Bug.-Bogosia antinorii, a 
tachioid parasite of the adults and nymphs of N ezara, has 
been imported from Africa during the year with the co· 
operation of the Department of Agriculture, Kenya. An 
attempt is being made to culture this species, and small 
libera tions have been made. 

(i ii) Brown V egetable Weevil.-P arasites of this weevil 
have been imported from South America during the year. 
These include Stomatomyia littoralis and various species 
of Tersilochus ( Porizon) , all of them primary larval para­
sites. Liberations of Stomatomy ia littoralis have been 
m:ide. T he species of Tersi/ochus are being cultured, and 
liberations of these have just begun. 

Difficulties in maintaining the adults of Listroderes 
~ucccssfully through the summer diapause have been over­
come. 

(iv) Queensland Fruit Fly.-Early in 1958 an officer 
was sent to Hawaii to collect and breed large numbers of 
parasitic wasps (mostly species of Opius) for consignment 
to Australia and direct release in the field. Only adult 
parasites without host material are imported and these 
are checked for identity under quarantine in Sydney. They 
are then forwarded for liberation to a distributor travelling 
in the coastal belt of Queensland and New South Wales, 
between Cajrns and Sydney. 

Importations under this revised plan commenced in 
mid March 1958. By mid May about 21,000 parasites 
from Hawaii, supplemented by 20,000 reared at the Sydney 
inscctary, had been released between Cairns and Ingham. 

r 



63 

. ( v_> l~c1x Scalcs.- A urvey has been completed of the 
llistnbut ion o( C<•roplcutl!S rubens and C. destructor in 
Austr.1ha. Further infornution about C. destructor and its 
na tur.il cncm1~ ha~ been obtained from institutions in 
caM and .;outh Alnca. Colom~ o[ both species have been 
cst1bh hcd in in ectanc at Canberra. preparatory to the 
introduC'tion of para itc'i. 

(vi) Diomus pumiho.-At the request of the Canadian 
Department of Agriculture, consignmenrs of the predator 
Din11111s pumilio hove been sent to Canada for the control 
of the bnlsam woolly nphid. 

14. T~nM1rns AND 0T11r..n Wooo-0EsTnoY1No TNsEcTs. 

(Division of Entomology.) 

(a) 7 cr111i1c lnvcM·/iJ111tlo11s.-( i) Laboratory Studies.­
A survey of the nnlurnl durubility to termites of ten 
Western Austrnlinn limbers hns begun in co-operation 
with the Western Au~trnlinn Forests Department. 

lnvestig11ion~ on the durability of teak (Tectona 
11ranclis) to termite uttuck have shown that resistance is 
positively correlated with the age of the tree and extrac· 
tive content. 

Factor rc~pon~ihlc for 1he natural resistance of black 
bean and tollowwood were inveslig:ired in co--0peratioo 
with Lhe School of Applied Chemistry, New South Wales 
Uoiven.ity of Technology, and the Division of Forest 
Products. 

A co-opcrathe project with the Division of Forest 
Products lS designed to dc1crminc the efficiency of dip­
dilTusion trcatm.:nts for termite-proofing Pinus radiata 
limber. Result~ to d:llc suggest that some of the experi· 
mental lrcntmcnts arc ot lcllst llS effective as the available 
pressure treatments. 

(ii) field Te.fting.- Ficld tests of surface treatments 
which have been in progress for three years have shown 
that pcntnchlorophcnol rcmnins effective against Nasuti-
1er111es exl1ios11s, but other materials failed after two 
yours. 

Tests of soil trcc1lments for termite control are con­
tinuing: ugninst N. c.rillo.ws, Jindane, chlordane, and 
tclrachlorobenzenc have so for given complete protection 
for three years; ngoinst Copto1er111es lacteus, dieldrin and 
chlordane have so for given complete protection for four 
years. and a ldrin and tetrnchlorobenzene for three years. 
Similar tests against a termite complex in the Riverina 
have sho1\n that pcnrnchlorophenol, sodium pentacbloro­
phenate, chlordane, :inti creosote have so far given com· 
plelc protecuon for five yc:irs. 

A survey of the tennitc hazard in the Weipa area of 
C:ipe York Pcninsul3 w3s m3dc on behalf of the Com­
monwe3lth Aluminium Corporation. The very destructive 
specie Uastotermts darwiniensis is not present in the 
are:i. 

(iii) Ttrmitu 111 Forest Trus.-The intensity of ter· 
mite attack on living hard"'ood trees in Australia is not 
equalled in any other country. C. acinaci/onnis and C. 
/renchl together cause more d::im3ge to living trees in 
Australia than nil other species of termites. Porotermes 
at111mso11i causes much lo~s of timber in the alpine forest 
ureas of Victoriu tind New South Wales. Studies this 
year huvc shown thllt one colony o( C. acinaciformix in a 
living tree cnn otltick nil other living trees within a radius 
of l 20 feet. Studies of I he cflects of killing such ccntrnl 
colonies arc Included in the current programme. 

Research hos continued on· the effects of large colonies 
of C. /re1":hi nnd C. <1ci11aci/ormis on the conditions 
within the living tree in which they are established. 
Around the "nun1c1 y" nrca of both species the tempera­
ture was up to 40• P. higher than that of a sound tree 
during winter, '1nd 22 F. or less in mid-summer. 

{ h) Lyctus /m·es:i~ntionr -Various surface tte:llmcnts 
were tc~1cd for th.: prevention of Lyctus attack. After 
1wo }Cllr<i' indoor \1ycathcring chJord:ute, lindane. aldrin, 
and dieldrin arc sull completely efiective. 

15. ANT lNVESTIGATIONS. 

(Division of Entomology.) 

The Div1s1on continued to co-operate with the New 
Sou1b Wales Dep:irtment of Agriculture and local govern­
ment bodies m the Argeniine ant eradication campaign in 
Sydney. 

The nnt hn been virtually climinllted in most of the 
area treated o far. nnd although smaU infested areas are 
stilJ being discovered even as far afield as Woonooa on 
t~e south coast nnd nt Wentwonhvillc, most of these have 
e1tber been treated or will be treated before next summer. 

16. INSl!CTICIDll 1NVESTIOATIONS. 

(Division of Entomology.) 

Evid~ncc hns been, obtoined that the resistance of 
?ousenacs cnpab l~ of dchydrochlorinatiog DDT is 
mcrenscd by exposing them to sublcthal concentrations of 
DDT d.uring the lnrvnl stage. As this implies individual 
ndap1a11on 10 DOT, a phenomenon not previously 
r~corded , new techniques arc being developed to differen· 
u:ite between ndaplive ;ind selective effects of DDT during 
the larval srnge. 

Variations m susceptibility with aging of insects have 
been studied, by using w:uer-solable insecticides applied 
by a new 10Jcc11on mc1hod which promises to be rapid 
and precise. 

. Rclati~~hips between chemical strucrure and insecti­
c1daJ act1vuy have be~n examined in two groups of com­
pounds, namely, volnulc ketoncs and N-substituted amides 
of long-chain fully acids. The former compounds were 
prepared u1 the Dcparlment of Applied Chemistry New 
Sout11. \y~rcs Univcr ity of Technology, and the Iai'ter by 
the D1v1s1on of Industrial Chemistry. 

X. WlLDUFE. 

1. 013Nl:!RAL. 

. Howc~cr wel! ma.n's community life may be developed, 
w1ldlifc an vurying forms is nlwnys io close proximity and 
may affect primnry production and other human activities. 
Jn Austrnliu, wildlife problems range from that of the 
rabbit,_ the country's most serious pest, to the mutton bird, 
on wh!ch ~ s~uJI bu~ valuable local industry depends. The 
Orga01~n~1on s Wildhfc ~urvey Section scientifically studies 
Australia s nouvc and introduced wild creatures with a 
view 10 their conservation where desirable or their popu­
lauon con1rol where necessary. The current research of 
the Section 1s described in this Chapter. 

Wildlife ~11rvcy St•ction.:--The main C"esearcb projects 
of the S<!cuon hnvc continued without change. New 
aoves11ga11oos have been initiated on the dingo and the 
fox. 

'llle cl~c rclu1ion between the Sec1ion and the Antarct1c 
Division of the Department oC External Affairs has con-
1inued; <ind at hns again been possible Lo second a member 
of the Section's Sltlrf LO lhc Australian National Aotarclie 
Research Expedition to cnrry out biological observations 
on Macquarie lslanc.J. 

The Section hns published a detni lcd factual report on 
the history t111c.J optrntion of the New Zealand · rabbit 
control scheme which hns excited considerable interest in 
Australia for some time, both in official circles and among 
primury producers. 

2. RAOUi r I NVl!STIOATIONs. 

(Wildlife Survey Section.) 

(a) My:commosis.-Thc Section's research projects 
relating to m;xo:natosis have now been rounded off, as it 
~ad bcco:ne ~ppare~t from the fhld studies carried out 
m collahor.11ton with Australi<in National Universicy 
..irolog1sl~ that. although the di ease would continue lo b~ 
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a factor in preventing the build-up of high rabbit popula· 
tions, its activity was unlikely to be affected significantly 
by human intervention. 

Field work on myxomatosis and its insect vectors w~s 
virtually confined to two areas, (i) New England and (11) 
Colo Vale, in the coastal ranges of New South Wales. (The 
sequence of annual summer outbreaks in the Lake U~~na 
study area was broken in 1957-58, owing to the prevailmg 
di-ought, which resulted in au interruption of the study of 
developing natural resistance.) The dry season seve~cly 
restricted mosquito activity in the New England regt~n, 
no disease outbreak being recorded in any of the special 
study areas, or the district roundabout. At Colo Vale a~ 
extended low-intensity outbreak lasting from J ~uar~ unhl 
late in May, resulted in a substantial reduction in the 
local rabbit populations. 

A study of the feeding habits of the local mosqu}toes 
ha5 been continued at Colo Vale. Controlled comparisons 
betvveen human and rabbit baits have been run over 
140 hr., 0 11 nineteen different evenings sprea~ over all 
seasons of the year. A total of 2,155 .mosqu~toes we~e 
attracted to humans, and 167 to the bait rabbits, a rat;o 
of 13:1. Of the 35 species represented in the catches, all 
were attracted to man and twenty to rabbit. Fourteen of 
these twenty species h~ve been shown to feed on rabbits. 

Work on the European rabbit flea (SpiloP_syll~1s 

cuniculi), which has been imported under ~uarantme in 
the hope that it would provide a myxomatos1s vector that 
was not dependent on water for its breeding, .has ?e~n 
disappointing. The insect has been found, both m Bntam 
and Australia to be the reverse of amenable to laboratory 
culture. Flv; consignments of pupae have been received 
from Enoland, from which a total of 412 adults emerged. 
A quart;r of these were successfully established <:'°' wild 
rabbi ls held in the laboratory. Some of them survived up 
to thJee months, fed continuously, and were shown to have 
mated; but no females succeeded in maturing eggs, despite 
the manipulation of temperature and humidity to provide 
conditions more closely approximating to the insect's 
natural environment. 'The Department of Health bas now 
been approached for permission to breed the insects out­
doors in a warren enclosure. 

(b) Rabbit Biology and Behaviout.-Intensification ot 
the study of rabbit populations has been maintained in 
enclosures under near-natural conditions, pilot trials having 
indicated that this was the best way of obtaining desired 
ecological data. Enclosures are currently being main­
tained at Canberra and on. a grazing property near Albury. 

The enclosure observations have revealed that rabbits 
have a well-defined social behaviour, and develop within 
their population a social hierarchy that has many important 
ifnplications, e.g. on the timing and efficiency of reproduc­
tion and dispersal. Particularly during the breeding season, 
a rabbit population becomes subdivided and stabilized into 
well-defined groups each dominated by an individual buck. 
Mating and conception follows a pattern which reflects the 
hierarchical structure of the group; and reproductive 
success, both among males (as measured by paternity) and 
females (as measmed by the number of young successfully 
dropped and weaned within the season), is higher for 
dominant than for subordinate individuals- overwhelm­
ingly so when population densities become high. Thus a 
dominant doe in a Canberra enclosure littered nine times, 
producing 57 kittens, during the year; and as some of these 
kittens started breeding within the twelve months' period, 
her total offspring was 117. The corresponding figure for 
a low-making doe was a total of ten. offspring successfully 
reared during the year, these being the product of early 
litters dropped when the population pressure was low. 

Litters are dropped according to well-pronounced 
monthly rhythms, several of which may be sup~ri~posed 
within the population as a whole. The synchroo1zat1on of 
sexual activity which makes these cycles obvious seems to 
be in part the 'result of the rabbits' social behaviour, a 1~ d 
in part ibitiated by environmental factors such as peaks 10 

rainfall, possibly operating via pastttre growth. At Albury 
observatiohs enabled the population data to be correlated 
with clianges in nutritional value of the pasture; and 
evidence suggests that the animals' nutritional plane may 
be a factor of major importance in determining the rate 
of conception, particularly at the beginning of the breeding 
season. Reproduction does not occur under conditions of 
food shortage but incipient or abortive rhythms can be 
observed, with the males not responding to the females 
that appear to be in oestrus. 

At the beginning of the breeding season a considerable 
reshuffiing of the population takes place; and there is a 
large-scale dispersal of subdominant bucks that have been 
ejected from the re-forming groups. Young females also 
tend to be cast out, but these arc usually readily absorbed 
by other groups. 

The enclosures have demonstrated the nature and 
rapidity of pasture deterioration under steady rabbit 
grazing. Selective feeding on clover burr during the 
summer and on clover seedlings in the autumn ieads to a 
rapid e limination of clovers from the pasture; and the 
geheral defoliation in spring and autumn paves the way 
for the invasion of broad-leaved weeds. 

(c) Physiology and Parasitology.- A major advance in 
the strategy or technique of rabbit control is most likely to 
come through a better understanding of the animal's basic 
biology. During the year the Section's invest igations in 
this field (which had been primarily ecological and 
behavioural) were augmented by physiological studies. 
Atteiltion was first given to the problem of stress, now 
widely recognized as an in1portant factor in the regula­
tion 0£ animal populations. It is now established that the 
physiological symptoms of stress in an animal are the 
same whatever tbe stressor agent employed, e.g. exposure 
to low temperature, ttauma, over-exertion, and injections 
of adt·enalio and certain other drugs. Exposure to intense 
cold was the stressor agent employed in the laboratory 
studies with wild rabbits; and it was found that the fall in 
blood sugar was accompanied by a rise in blood urea, 
showing that the rabbit was attempting to maintain blood 
sugar levels at the expense of protein. It was also folllld 
tha t the rabbit as a species was very resilient under stress, 
and could acquire resistance to chronic stress of lesser 
severity. Stress rnay be beneficial to a wild animal popu­
lation which has to survive adverse seasonal conditions. 
The role of the adrenal cortex in the development of this 
resistance to stress is being studied. The laboratory 
results, which enable a reasonably accurate estimate to be 
made of the ability of rabbits to withstand stress in the 
field, are being used in an analysis of the mortality due to 
stress of over-population in one of the enclosure popula­
tions at Albury. 

Both the Albury and Canberra enclosures are being 
used in an investigation of the role of endoparasites in the 
natural regulation of rabbit populations. So far the data 
obtained have been inconclusive. lo the Canberra 
enclowre (where the rabbits are worm-free) infestation 
with intestinal coccidia (Ei111eria spp.) has not revealed' 
itself as a mortality factor under conditions of normal 
population density. In the Albury enclosures, the con­
ditions likely to provide the critical information in regard 
to parasitic worms lrnve not yet developed. Predation 
by hawks and eagles has been the most important mortality 
factor in the enclosures. At Canberra, approximately 60 
per cent. of tbe kittens were lost owing to avian. predation 
and adverse climatic conditions. · 

(d) Rabbit Poi~·oning.-Development of the investiga­
tions under this head has been interrupted owing to the 
unexpected interest of the enclosure results, and the need 
for extra help to ca rry out the rather laborious observations 
involvecli. As a preliminary to an assessment of the value 
of lures in rabbi.t poisoning, an attempt is being made to 
determine the role of the rt1bbit's sense of smell in the 
location and selection of food. Reslllts obtained to date 
support the indications obtained from other enclosure 
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exper.iments that scent plays a less important part in 
bnngmg rabbits to food than is generally believed and thal 
Lb: main value of lures or decoys often incorporated in 
btuts ts probably as an appeli.zer rather than a long­
distance altractant. Work on poisoning is being intensilled, 
and studies have commenced on the length of dangerous 
" life '

1 
of sodium fluoroacetate (" 1080 ") baits and on 

bail preferences untlcr varying seasonal conditions. 

3. KANOAROO 1,NVESTIOATIONS. 

(Wikllifc Survey Section.) 

The investigation of the euro or bill kangaroo 
(Macropus rob11slt1s) in north-western Australia is directed 
towards an uoderstaoc.Ung of the nature of its com­
petition wilh sheep, its ability to thrive where sheep cannot 
rn~iintain Lbemselves, an assessment of the part it has 
rlayed in the deterioration of the pasture in the Pilbara 
district. and the need and possibiJity of local control. 

Feeding trh1Js suggl;l.Sr that the euro normally exists on a 
low-protein diet (and thus is probably adapted to marginal 
habitats, even in the semi-desert country), and that as it 
becomes cfehydratcu il eats less, so less water is required 
to remove nitrogenous wastes. Euros are resistant to 
dehydration, and can live for long periods without water. 
Three out of six curos confined in a waterless enclosure 
survived for the lhrce months, September. October, and 
November. Individuals deprived of water can lose up 
Lo 25 per cent. of their body weight without distress, most 
of which is immediately replaced when water is made 
available. 

The Zoology Department of the University of Western 
Australia is collaborating in a study of the euro's physio­
logical adaptation lo arid condilions, in connexion with 
which bloocJI and urine samples bave been collected for 
analysis and correlation with the seasonal changes in 
environmental conditions. The protein and water content 
of food plants that are seasonably available and selected 
by the euros wil l also be determined. Night observations 
of marked animals have shown that the euro is, in the 
main, a sedentary species-unlike the red kangaroo, 
M . mftts. There should therefore be little danger that a 
useful local reduction in numbers would be rapidly 
neutralized by immigration . Despite the curos' ability to 
go without water for long periods, the animals can be 
readily destroyed under favourable conditions by poisoning 
water points. 

A method developed for agiog euros by tooth succession 
is beins applied in :in an:.ilysis of population structure. and 
an estimation made of the birth rate and mortality rate 
of the young. 

4. DINGO INVESTIGATIONS. 

(Wildlife Survey Section.) 

An investigation o{ the dingo, Canis familiaris dingo, 
was begun during the year. Initfally, enquiries have been 
restricted to the north-east of New South Wales, where 
bonuses are paid annually on some thousands of scalps, 
and they have been designed to clarify the real nature 
and exte;t of Lhe problem. The distribution of cfingocs, 
and of dingo losses among livestock, is being analysed in 
relation to topography and land use, and the efficacy of 
present control methods-including aerial baiting-is being 
assessed. 

5. Fox lNVl!STIGATIONS. 

(Wildlife Survey Seclion.) 

Work on the fox, Vttlpes vulpes, also started du~ing 
1957-58. has been restricted so far to the regular collect.ion 
of fairly Jart;e samples (mostly from the Austra~ian CapitaJ 
Territorv) for the determination of food habits and the 
relat ive 

0

impor1ance of different kinds of animal prey, the 
reproductive cycle, survival rate of the young~ and .the 
prevalence of infections (such as mange) wh1ch might 
play a part io natural control. The results will be analysed 
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ancl publisJ1cu when they have covered a full round o( Che 
scaso- s. The extraordinary catholicity of the foxes' diet 
nnd imporlant dependence on insect food, which have 
been revenled by studies carried out in other parts of tbe 
world, have been confirmed. 

6. MAGl'J8 GOOSE 1NVl!STIGATIONS. 

(Wildlife Survey Section.) 

The major part of the study of the magpie goose, 
Anserana~· semip(llmata, and its relationship to rice culti­
vation in the Northern Territory has been completed. 
Owing lo their nomadic habits which are related to the 
changing availability of food and so to the flood1 cycle of 
the plains., these birds move from the Adelaide River to 
the South Alligator River each dry seaso11 and back in 
rho wet season, the lotter coinciding with that for rice 
growing. This movement would make their mass destruc­
tion in Lhe Adela ide River area extremely difficult.. 

1l h:ls been shown that the birds have rather precise 
requirements of waler depth and density of vegetation for 
breeding, and suitable areas are relatively restricted. Arti­
ficially induced increases or decreases in these factors have 
eliminated breeding colonies. The breeding colonies 
s<udiecl on the Adelaide River confine their foraging activi­
lics to fairly restric ted portions of the flood-plains around 
the nesting areas. 

The most direct and practicable approach to lhe goose 
depredation problem would appear to be through waler 
control in the few breeding swamps in the Adelaide River 
Valley, c.irriec..I out along lines that would make them 
unsuitable for nesting. 

7. WtLO DUCK INVESTlGATfONS. 

(Wildlife Survey Section.) 

The invcstigntio11 into the food habits and breeding 
requirements of certain species of wild ducks was con­
cluded for the erratic environment of inland New South 
Wales, and a comparative study was begun for an environ­
ment with a regular rainfall. This work is based in Tas­
mania and is being carried out in conjunction with the 
Fnunn Board. 

The movements or wild ducks have been extensively 
stmlieu throughout the year and approximately 20,000 
have been banded in both inland and coastal New South 
Wales, on tbe subcoastal plains of the Northern Territory, 
::nd in Tasmania. The numerous returns indicate that in 
1957 there wns a great exodus of wild ducks from the 
dry inland lo waters lying in the coastal areas. The birds 
concentrated here unti l the waters dried, when they dis­
persed once more. 

8. MurroN Bnw INVESTIGATIONS. 

(Wi ldlife Survey Section.) 

The joint investigations with the Tasmanian Faunn 
Board into the economic biology of the mutton bird, or 
shod-tailed sbearwaler, P11ffi1111s te11uirostris, were con­
tinued with ;:in ex.tensive period of field work in the Flin· 
ders Island region, Tasmania, from mid November to May. 
A mnrking programme, for comparative purposes, w::is 
again carried out at Goat Island, in the Nuyts Archipelago, 
South Australia, at the north-westernmost fringe of the 
species's breeding range. D01fog the 1957-58 season 
3, I l8 birds were banded, bringing the aggregate total fol 
this species to 23,439. 

Three interesting recoveries of banded birds were 
reported during the year. The first was a fledgling bird 
bnncled at Goat Tsl:lnd in March, 1957, and captured 
twelve wee.ks laler in the Bering Sea. The second, also 
recovered in the Bering Sea, was a three-year-old sexually 
•:nm:\lure bird banded at Fisher Island. The third was a 
seven-year-old bird caught alive by a fisherman 36 miles 



south of Sydney on 30th October, 1957. It bad been 
marked as a Jlcdgling on Chappell Island, in tbe Bass 
Strait, and its recovery so far north along tbe east Aus· 
tral ian coast indicates that tbe foraging range of these 
birds during tbe breeding season is greater than was pre· 
viously suspected. Thus far four marked birds have been 
picked up in the north Pacific, between Japan and Alaska, 
durin g the ex.odus migration from Australia. 

During the last nesting season at Fisher Island 
additional data were collected on the age at first breeding. 
Evidence indicates that birds, once mated and with terri­
tory, breed annually. 

9. MAGPIE INVESTIGATIONS. 

(Wildlife Survey Section.) 

The first phase of the population study of the magpie, 
Gymnorhina tibicen, is now complete. The most significant 
finding was proof that territory holding by social groups, 
which alone are able to breed, leads to prevention of 
breeding by mature individuals which lack a territory. 
The gonads of the latter do not develop fully. Study of 
the social organization of non-breeding flocks has begun, 
and dispersal from the Gungahlin study area of over 600 
flock birds is being measured. After twelve months, most 
of these are within three, and a few reach ten, miles from 
the place of banding. 

10. BIRD-BANDING SCHEME. 

(Wildlife Survey Section.) 

There has been a large increase in the numbers of birds 
banded this year. With the appointment of an experi­
enced ornithologist as full-time secretary, the scheme is 
expanding rapidly. 

XI. UNDERD EVELOPED REGIONS. 

1. G ENERAL. 

Owing to the geographic distribution of climate on the 
Australian continent, areas of dense population are con­
centrated in a narrow bar.d round the eastern and southern 
par ts of the coast. Rural settlement has taken place in 
the most accessible and easily d'eveloped parts of the 
continent, and there remain large portions of Australia 
and its terri tories which are underdeveloped, or only very 
sparsely occupied, because of low rainfall, short growing 
season, inadequate water, poor soils, or isolation. 

lf these are to be protected from over-exploitation, and 
their full productive potential developed, il is necessary to 
assess and understand the scientific problems associated 
with such areas. 

The Organization's D ivision of Land Research and 
Regional Survey is engaged in land surveys of the under­
developed regior.s to study their needs and potentialities. 
The surveys provide a description of the lands of the 
region, an assessment of the possibilities of land use, and 
an analysis of the major problems which retard more 
intensive development and warrant more detai led examina­
tion. The problems are of three main kinds: those of 
dry-land agriculture, those of irrigated agriculture in the 
cfry mer.soon zone of the far north, and those of the 
pastoral areas of the in.Jand lower-rainfall zones. To 
further ex.amine the initial findings of the surveys io these 
fields, research centres have been established at Katherine, 
Kimberley, and Alice Springs, and lwo specialist groups 
are dealing with development and hydrology at head­
quarters. 

Jn addition to the work of the Division of Land Research 
and Regional Survey in the sparsely populated and semi­
arid regions of tbe continent, much complementary work 
is also being carried out by other Divisions of the Organiza­
tion on the development of low producing areas in the 
less isolated regions. 
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The Division of Biochemistry and General Nutrition is 
investigating problems of plant and animal nutrition on 
the ~oonalpyn Downs in South Australia (see Chapter VI., 
Secuon l l); the Division of An imal Health and Production 
is breeding cattle at " Belmont", Rockhampton, Queer.s­
land (see Chapter Y, Section 9); the Plant and Soils 
Laboratory is studying the wallum country in eastern 
Queensland (see Chapter ll I., Section 20); and tbe Division 
of Soils is making soil surveys throughout the Common­
wealtl1 (see Chapter IL). Allied work is also carried out 
by the Division of Plant Industry on plant and pasture 
ecology (see Chapter Ill.). 

Division of Land Research and Regional Survey.-The 
research of the D ivision has continued without major 
modification this year. Arid zone research has been 
ex.tended with the appointment of an officer to study arid 
zone hydrology. The three-year project on historical­
geograpbical studies of underdeveloped regions is now 
reaching its fina l stages and reports are being prepared. 

On the invitation of U.N.E.S.C.O. the Chief of the 
Division participated in a symposium on Climate, Vegeta­
t ion, and Rational Land Utilization in the H umid T ropics 
held at the Ninth Pacific Science Congress at Bangkok. 
The second Arid Zone Newsletter was issued by the Chief 
of the Division in his capacity as arid zone research liaison 
officer. 

Aided by a grant from the Austrnlian Meat Board, the 
Division and tl1e Northern Territory administration are 
collaborating in an investigation of range seeding in central 
Australia. · 

2. REGIONAL SURVEYS. 

(Division of Land Research and Regional Survey.) 

T he two regional survey units of the Division have con­
tinued operations, one o;i the mainland of Australia and 
one iu the Territories of Papua and New Guinea. The 
first unit has been in operation in northern Australia since 
J 946 and has completed surveys of the following areas: 
Kathcrine-D:mvin (27.000 square miles), Barkly (120,000 
square miles), Tow1.sville-Bowen (6,000 square miles), Ord­
Victoria (70,000 sqtiare miles), Leichbardt-Gilbert (110,000 
square mile~) . North Kimberley (34,000 square miles), and 
Georgina Poison Country (25,000 square miles). In 
addition the Division has made preliminary examinations 
of portions o f the West Kimberleys suitable for irrigation 
developrneni (1952) and of the Wiluna-Meekatharra area 
of Western Australia (1955). The New Guinea unit was 
established in 1953 at the request of the Department of 
T erritories, and has completed surveys of the Buna­
Kokoda area (2,500 square miles), the Wanigela-Cape 
Vogel area ( 1,600 square miles), the Gogol-Upper R amu 
area (3,200 square miles), and the Goroka-Mount Hagen 
area (3,600 square miles). 

(a) Australian Mainland Survey Unit.-(i) Alice 
Springs Area.- Field work in this area (145,000 square 
miles) was completed in tbe period June-September, 1957. 
The final aerial photograph interpretation has been com­
pleted, and preparation of maps of the land systems, land 
use groups, geomorphology, geology, soils, and vegetation 
h as been commenced. 

Although approximately balf the area (mountains and 
spioifex plains) is not stocked, the gross returns from cattle 
exported from the area is more than half that of the 
Northern Territory as a whole. On the stocked parts the 
extensive system of grazing has produced an extremely 
uneven pattern of pasture utilization. The tendency is for 
small areas immediately adjacent lo watering points to be 
l1eavily overgrazed. Outside this, there is a zone of good 
u tilization, and beyond this a zone of poor or nil utilization. 

The aren is, and will remain, a pastoral one . Tbere are 
two main possibili t ies for increasing production: the 
development of ~1~thods o! utilizing and improving tbe 
vast areas of sp101fox. plains, and the development of 
method's ensuring a more even and complete utilization of 
the present grazed country. 
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In bolh cases it is very important to avoid over­
utilization. and consequent permanent degradation, of lhe 
pastures. and accumle scicnlific standards of range con­
dition assessment arc necessary. 

Small areas of fodder production under irrigalion may 
become an imp;>rtant adjunct of the cattle industTy. On 
most properties it would probably be economic to produce 
fodder to hand-feccf the more valuable animals. 

(ii) Cape York Peni11su/a.-ln October, two officers 
made a preliminary examination of the agdcullural possi­
bilities o( the Weipa area. This wi.11 be followed by 'l 

full-scale re£ior, aJ survey of the Cape York area in 1959-60. 

(iii) Historical Studies of Development in the Northern 
Area and Mo11soo11al Lands.-This study provides iofor­
mu tion on factors which influenced the history of develop­
ment. This inforn)ation is useful in judging future land 
use potentialities from the D ivision's regional surveys in 
northern Australia. 

This project is now in its final stages, field work having 
been completed in the northero pan of the Northern 
Territory. lhe East Kimberleys, and the Barl<ly region. As 
in Queensfond, the dominant factors in settlement and 
land utilizatio;i, other than land characteristics, were 
geographic ones. isolation and climate, with land tenure 
playing a minor role. Administrative policy is also an 
important factor. 

(b) Paprt(l·New Guinea Survey Unit.- From mid-June 
to mid-October, J957, an area of 3,600 square miles in 
lhe Western and Eastern Highlands districts of New 
Guinea (Goroka-Mount H agen Area) was. investigated in 
the field , following preliminary interpretations of aerial 
pbotograpbs. 

The investigating party consisted of a highly mobile 
team of geomorphologist, pcdologist, and plant ecologist to 
carry out the general reconnaissance survey, and a party 
comprising a forest botanist and botanical collector are 
making detailed studies of forest types in pre-selected areas. 

The far better accessibility of this area for motor trans­
port in comparison with O(ber parts of New G uinea, and 
the longer duration of the survey, made it possible to collect 
more detailed informati.on from a larger area. 

The area, ranging in altitude from 5,000 to 15,000 feet, 
is of particular interest for the study of soils and vegeta­
tion at higb elevations in the humid tropics. This study 
is handicapped by the general youthfulness of the land­
forms and instability of the slopes, which impede the 
development of mature residual soils, and by far-reaching 
destruction of the natural vegetation by indigenous peoples. 
Geomorphologically the area is of great interest because 
of its volcanic, tectonic, and glacial features, its remnants 
of mature land forms at various levels, its unusual draio­
age pattern, and its alluvial terrace formations. 

Of a total of 3,600 square miles, 2,050 square miles are 
rough mountainous country and 800 square miles very 
broken hilly country. Of the remaining 750 square miles, 
200 square miles are strongly dissected and 150 square 
miles very swampy or regularly flooded. There remains 
.a n area of 500 square miles of land which could be readiJy 
developed (and is in part already so), though .most of it 
is by no means ideal. 

The area is heavily populated and most of tbe 320,000 
natives Hve in mountainous or billy areas. Some transfers 
of ·population are desirable to attain maxi.mum stable 
utilization of the land resources. 

3 . A GlUCUI... TURAl.. R ESEARCH IN NORTHERN AUSTRALIA. 

(Division of Land .Research and Regional Survey.) 

(a) Katherine Research Station.-The Katherine 
Research Station has two main functions: to examine the 
possibility of establishing agriculture in that portion of 
the area mapped by the Division's survey as the rtipperary 
Land System; nod to serve as a type locality and centre for 
the study of dry-l:rnd agricuHure in the monsoonal zone of 
northern Australia. The research programme bas re.ached 

the stage where Lhe most likely components of arable 
agriculture arc evident. Studies are now being directed 
towards long-term land use as well as individual crops. 

( i) Crops.-The season had a good start, followed by a 
prolonged period of water stress which reduced crop yields, 
and by late rains which damaged mature peanuts but 
benefited cotton and late-smvn peanuts and sorghum. 
Promising new cotton varieties were tested. 

(ii) Soil Types.-Encouraging results have been obtained 
from cropping trials on two sandy soils which differ 
markedly in their internal drainage characteristics. 

(iii) Land Preparntio11.-Sorgbum responded to greater 
tleplh of dry-land preparation than previously r eported. 
Ripping to lo in. was superior to ploughing to 8 in. 

(iv) Fertilizers.- The value of rock phosphate bas been 
shown as a substitute for superphosphate. The initial in­
feriority of rock phosphate is partly overcome by i:s 
superior long-term effect 

(v) Crop Rolatio11.- AILhougo peanuts and cotton 
yields have not declined in nine years of monoculture, soil 
structure may have bcco affected, and long-term crop and 
pasture rotation investigations into this question have been 
commenced. 

(vi) Pests and Discases.-Sorghum seed stored at 14 
per ccnL moisture content lost viability. Jassids bave 
become a serious factor in limiting the development of the 
·• top crop " of cotton bolls. 

(vii) Native Past11re.-long-term trials are in progress 
un grazing management and the influence of burning and 
fertilizer are being studied. Cultivation and broadcast 
superphosphato were beneficial for introduction of buffel 
grass :ind TownsviUe lucerne, bµt pelleting of seed with 
superphosphate reduced establishment. 

(viii) Sown Pastures.-In the second year of an experi­
ment on the management of buffel grass and Townsville 
lucernc, the pfoportion of legume in mix tures increased 
with incrensing distance between grass rows an d increasing 
frequc11cy or cutting. In a fertilizer tr ial on Townsville 
luccrne the species has proved ao effective legume with a 
fairly low but definite phosphate requirement, Establish­
ment lrinls with bulTel grass showed dehulled seed to be 
inferior to normal seed under most climatic conditions. 

(ix) A111111a/ Fodder Crops.-Agronornic tests were 
.:ontinued with fodder sorghum, sudan grass, bulrush 
millc1, cowpca, and guar. Millet outyielded all other crops 
in dry ma1ter and crude protein yield. 

(x) Beef Cmtle.-In a repetition of the dry-season com­
parison b!}tween native paslure and buffel grass/TownsviUe 
lucerne pasture, the tiveweight advantage of the sown 
pasture was approximately H lb./head/day. The experi­
ment on phosphate supplementation and tick control for 
cntile on native pasture in the wet season was repeated in 
1957-58, with similar but less marked effects. 

(xi) Nitrogen Cycle Jnvestigations.-Detailed sampling 
of the top three inches of fallowed soil at the end of winter 
revealed a nitrate peak at i-1 inch, with marked decreases 
co almost zero to both sides. Location of formation and 
possJblc movement of nitrate is under study. Ammonia 
suppliec.I to the soil surface as ammonium sulphate oxidized 
slowly in summer. Nitrogen uptake by plants and leaching 
of soil nitrate al'O also being studied. 

(h) Kimberley Research Statio11.-The Kimberley 
Research Station bas a twofold objective. The immediate 
aim is to dctcrm' ne if irrigated agriculture can be estab­
Jishcd on the land which might be irrigated from the pro­
posetl dam on the Ord River. The long-term objective is 
to study irrigated agricull11re iu tbe tropical monsoonal 
cUmatc of northern Australia. 'The search for information 
on potential crops has dominated the programme until 
recently, but, as the informa1ion. bas accumulated, so the 
more basic problems on the second objective have become 
eviden t. 
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(i) Rice.-Stem-borer damage during the past season 
was negligible. It is impossible to judge how much of this 
freedom from damage is due to seasonal conditions and 
how much is due to the frequent use of the insecticide 
endrin. Grain yields are the most satisfactory ever 
achieved, bulk yields of approximately 4,000 lb./acre and 
small plot yields of 6,000 lb./ acre having been obtained. 

In preliminary studies on the importance of depth of 
cultivation, water depth, and drainage there has been no 
increase in grain yield from deep ripping as against shallow 
ploughing; maintenance of a 6-in. depth of water instead 
of 3-in.; and drainage of the bays for a period during the 
vegetation growing stage. 

Seeding of the pre-germinated seed into deep and shallow 
water failed to give a satisfactory plant stand in November­
Dccernber. Seeding on to mud was quite successful. The 
seeding into water technique might be successful for the 
dry season crops. 

As the importance of temperature and day length sensi­
tivity in the selection of suitable varieties for dry-season 
rice growing in northern Australia is realized, the effect 
is being studied of time of planting on grain yield, spike­
Jet sterility, and maturation period of a range of varieties. 
Some long-grained indica varieties are suitable for the dry 
season. 

Studies on placement and time of application of nitro­
gen have indicated that grain yield, resistance to lodging, 
and time of onset of the yellowing and leaf tipping symp­
toms can be markedly influenced by these factors. 

(ii) Cotton.-Frcsb interest bas been stimulated in this 
crop, as a result of the good yields obtained in the past 
three years. The best yield was obtained from a plot of 
Oklahoma Triumph which gave the equivalent of 2,934 lb. 
seed cotton/ acre. The variety Miller was the best variety 
during the last season, and these high yields have been 
attributed to better pest control resulting from the use 
of endrin. Jo an experiment to verify this, severe foliage 
dam:igc, result ing in delayed boll setting and low yield, 
occurred to cotton plants when endrin was used at low 
di]utions. 

( iii) Safflower.-A further time-of-planting experiment 
has confirmed earlier work and shows that May-June plant­
ings give higher grain yields, oil contents, and iodine num­
bers than July-August plantings. Mid May planting gave 
approximately 2,000 lb. ·grain/acre. Yields fell off pro­
gressivciy with later plantings and a late August planting 
gave only 50 lb. grain/acre. The poor yields of late 
plantings are p~obably the result of high-temperature 
induced sterility. 

(iv) Animal Prod11ction.-lo the past the emphasis in 
animal work has been on producing irrigated pastures and 
fodders for " topping off" cattle in the dry season. Those 
grasses and legumes capable of persisting under irrigation 
have all given much better production in the summer than 
in the cooler dry season, when production bas been very 
low. Emphasis has now shifted to the better utilization 
of natural pastures by management and by supplementary 
feeding. 

Io a trial commenced in mid 1956 there has been little 
response to supplements of phosphate, blood and bone 
meal, or fodders and hay, but on rotationally grazed pas­
tures cattle weighing approx.imately 550 lb. when first 
included in the trial at eighteen months of age have 
increased in the course of two years to approximately 
1,000 lb. in Jive weight. 

4. DEVELOPMENT STUDIBS. 

(Division of Lood Research and Regional Survey.) 

With tbe appointment of an officer to the Division who 
will be concerned primarily with the overall development 
possibilities of regions, the first area to be compreheo· 
sively examined is the Ord River area. 

Following an agreement with the Western Australian 
Department of Agriculture, a compilation is being made 
of the existing technical data, and it is being examined 
in the light of economic factors in order to assess agricul· 
tural and settlement possibilities of the Ord River Plain. 
This will reveal the gaps in existing knowledge which must 
be filled by work at tJ1e Kimberley Research Station 
before more definite planning can commence. A plan is 
being prepared for an irrigation scheme based on rice, 
cotton, and sugar cane as the main cash crops. 

5. CLIMATOLOGY. 

(Division of Land Research and Regional Survey.) 

Jn mosl of tho underdeveloped regions in Australia, 
climatic factors arc of primary importance in limiting 
development and productivity. The Climatology Unit 
has, as its main function, the study of climate-vegetation 
relationships to define and interpret the important ele­
ments of climate affecting plant growth and production. 

The main investigations in progress are climate-vegeta­
tion studies of spinifex (Triodia basedowii) and mulga 
(Acacia aneura) communities near Alice Springs. The 
former has been in progress for over 12 months; the latter 
has just commenced. Each study places special emphasis 
on the water relationships of the community concerned, 
so that the proportion of tbe rainfall which enters the soil, 
and which is utilized by the plants, is measured and its 
influence determined. Microclimate is also studied inten­
sively so that significant differences between macroclimatc 
and microclimote can be given quantitative expression and 
the influence of microclimate on plant responses 
determined. 

In the spinifex experiment primary results to date have 
been (i) th.it infiltration of water is markedly affected by 
tbe spinifex tussocks, penetration under the tussocks being 
much deeper than under adjacent bare areas, despite the 
fact tbut the grouud surface under the tussocks may be 
sevcrnl inches h igher, (ii) that the depth of soil visibly 
wetted is observed lo increase gradually but significantly 
over a period of months, (iii) that little growth is made 
by the vegetation in response to winter rains, but marked 
growth occurs in spring as air and soil temperatures rise, 
(iv) that even small falls of rain (0.25 in.) cause a measur­
able response in the vegetation in summer, (v) that there is 
latle difference in macro- and microclimate except during 
and shortly after periods of rainy weather, (vi) that sur­
face temperatures of exposed soil reach values of the 
order of 70° C. on sunny days, and (vii) that dews are 
rare except during or shortly after rain. 

The mulga community is of special interest because it is 
utilized much more extensively than spinifex for cattle 
g1 aziog. Tbe primary study concerns the water balance 
and microenvironmcnt of a normal community and is 
similar in concept and technique to the main spioifex 
experiment. The influence of microrelief on the distribu­
tion of grove and intergrove areas in the mulga community 
has been confirmed; tbis fenture oilers to depend on dif­
forcnces in soil wo.tcr penetrntion. A significant propor­
tion of the rainfall in the grove areas is intercepted by 
lhe compoocnl trees of mulga and contributes to the soil­
water reservoir through stem flow. The mulg« community 
is relatively inactive in winter, even when recharge of soil 
water occurs. A subsidiary experiment involves retarding 
surface water movement along small drainage lines in 
mulga with the object of increasing water penetration into 
the soil, and possibly reseeding exotic species into the more 
~avourabl~ h~bitat so formed: While appreciable 
increases lll soil water can be achieved by this technique, 
the total amount of water may still be inadequate to 
enable successful reseeding to occur. 

-
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6. HYDROLOGY. 

(Division of Land Research and Regional Survey.) 

An officei- has been appointed to undertake research in 
a rid zone hydrology. This wosk involves the investigation 
of the water balance of selected areas, to determine the 
possibilities, in appropriate locations, of greater use of 
surface flow by water spreading or of development of 
shallow ground-water for local small-scale irrigation. 

The first area selected for field work is in the Wiluna 
area of Western Australia, where investigations are being 
commenced in conjunction with Western Australian 
Government Departments. 

7. ARlD ZONE RESEARCH. 

(Division of Land Research and Regional Survey.) 
Research based at Alice Springs aims to increase the 

productivity of native pastures by either improved hus­
bandry based on ecological understanding of the plant 
communities or by improvement of the pasture by seeding 
with either native or introduced species. 

The former aspect is partly investigated by excluding 
stock, but the examination of vegetation inside and out­
side fenced enclosures has not yielded information on the 
effects of cattle grazing. This is largely due to good 
winter rains which produced a dense sward of ephemeral 
herbs which would mask any possible effects. 

Reseeding exneriments have heen designed. and in con­
junction with the Regional Survey Unit a number of sites 
were carefully selected for trials of methods of establishing 
gra~ses. One experiment is in progress. and in this buffel 
grass (Cenchrus cilioris) and the native grass Eragrostis 
erionoda were sown in a sninifex (Triodin nasedowii) com­
munity on flat sand-plain in eight different seed-bed treat­
ments. Winter rains induced good germination of butfel 
~rass in trentments which produced a good seed-bed. e.g. 
olorn?hin_g. burning plus nloughing. Single furrows, e ither 
in burnt or unburnt spinifex, do not appear to enhance 
l?ermination, but accumulated water increases soil mois­
ture storage under the furrows two to threefold . Tn 
untreated or Ji !?htlv treated plots, germination occurs. but 
is verv ooor. Tt is too earlv to assess the degree of estab­
lishment of the sown grasses. 

The course of natural regeneration of the soinifex com­
munitv nfter treatment, especiallv burning, is also being 
studied in this trinI. The m?.in effect to date is fire stimula­
tion of J?en:nim1tion of native specfos. esoecially the grass 
A ristida hrownirm11,, which is known to become dominant 
in the fi rst few years after a fire. Ecological study is being 
made of large areas of spinifex accidently burnt at known 
times. 

Another experiment was conducted to compare quadrat 
techniques for estimation of ground cover, including Jow­
level aerial ohotol!raphv. New methods of estimating dry 
weight production are being develooed which will nllow 
,,c;timates to be made without harvesting the plots them­
c;elves. 

Pot tests. usinl! oats as a test plant. have shown verv 
hif!h responses to nitro.gen and phosphorus fertilizers on 
~n inifex soil. Further tests are being conducted with th<' 
nerennial bnffel grass. The field trial therefore incon:ior­
ates a fertilizer treatment as a possible aid to establish­
ment of grasses. 

For reseeding native pastures it is necessary first to 
introduce and test manv species and a nursery is beimz 
developed for this. The majoritv of sowings in the 
nursery area to date are unsuccessful owing to germina­
t ion failures. Sowtngs are mainly of introduced species 
ond thec;e will be resown where seed supplies permit, This 
work demonstrates the difficulty of introducing n ew 
species to the arid zone. 

)ill. FISHERIES AND OCEANOGRAPHY. 

1. GENERAL. 

The life of the sea has always been a main source of 
food and other essential products available to man. 
Being an island continent With readily accessible coastal 
regions, the waters surrounding Australia could prove to 
yield great wealth to the nation. 

The Division of Fisheries and Oceanography studies 
the ·aquatic resources of Australia, jncluding whales, the 
more important fish, and crustacea and shellfish, to ensure 
their economic use and, where necessary, their manage­
ment to prevent depletion of stocks. Fundam·ental to this 
study is an examination of the environment to ascertain 
the variations in oceanographic conditions which affect 
biological production and are to a large extent responsible 
for fluctuations in fish occurrences. 

The work of the Division is described in this Chapter. 
Division of Fisheries and Oceanography.-There has 

been no modification in the emphasis of the work of the 
Division during the year. 

In order to study the behaviour patterns o f commercial 
fish, an experimental aquarium has been built on the 
\\tater front at Cronulla, and the salt water supply system 
at the Laboratory has been modified accordingly. 

A laboratory for biological and hydrological work has 
been established at Eden and two officers have been 
stationed there. 

A Kelvin Hughes Fisherman's Asdic was recently 
installed aboard F.R.V. Marelda. This instrument is to 
be used for fish detection and particularly as an aid to 
the interpretation of the distribution of tuna. 

The Chief of the Division, Dr. G. F. Humphrey, visited 
Britain, Europe, Africa, and Madagascar in August­
November to recruit staff. D uring his absence, Dr. J. M. 
Thompson wa-s Acting Chief of the D ivision. 

The twelfth School in Marine Biology was held at 
the Laboratory at Cronulla in June 1958. Thirty-three 
students and staff were present from the Zoology and 
Biochemistry Departments of the Universities of Adelaide, 
Melbourne, New England, and Sydney. 

The Royal Australian Navy provided funds for rese:u-cb 
on marine fouling, and allowed Divisional officers to 
accom'pany vessels on three occasiOD'S. 

2 . OPERATIONS OF R ESEARCH VESSELS. 

(Division of Fisheries and Oceanography.) 

(a) F.R.V . Derwent H unter.-This vessel carried out 
twenty cruises. Ten were concerned with the collection 
of data on the hydrological structure and water mass 
composition of the East Australian Current. Seven 
cruises were concerned with the measurement of carbon 
dioxide uptake by the 14C method. Light penetration 
was aho measured at these stations. Three cruises were 
concerned with tuna long-lining. The results of all tuna 
long-lining carried out from the Derwent Hunter, when 
correlated with hydrology data collected simultaneously 
with fishing, strongly indicate that the distribution of 
soulbern bluefin tuna is related to water mass composition. 

(b) F.R.V. Gahleru.-This vessel completed 26 cruises 
to Queensland and Northern Territory pearling grounds. 
They were mostly of short duration, the longest being 
eighteen days. 

(c) F .R.V. Marelda.-The tuna research programme 
was changed from a general oceanic investigation to a 
study of a restricted area of the south coast of New South 
Wales. This was done from F.R.V. Marelda, based at 
Eden. Forty-two traverses up to 24 miles offshore in an 
east-north-easterly direction were made and data were 
collected to depths of 500 m. at six stations on each 
traverse. More than 1,000 tvn<1 trolled were measured 
and 267 were tagged. 
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(d) F.R.V. J ay Bee.-The 50 m. and 100 m. stations 
off Port Hacking were occupied once each week for 
regular oceanographic observations. On eight days during 
the year sampling from dawn to dark was arranged at the 
100 m. station off Port Hacking so that meawrements of 
carbon dioxide uptake could be made by the 14C method. 

3. FISHERIES BroLOGY. 
(Division of Fisheries and Oceanography.) 

(a) W/wles.-Material for whale research was collected 
from all Australian whaling stations during tbe winter and 
spring of 1957. Totals of over 800 car plugs, 650 pairs 
of ovaries, and 1,200 samples of baleen were collected. 
Some material was collected from sperm whales taken in 
the vicinity of Albany, Western Australia, after the close 
of the humpback season. 

An analysis and report have been made of the catch 
returns and some of the material collected. On the 
western coast of Australia the composition of the catch 
made at Caroarvon in 1957 was less favourable than in 
the previous two years. At Albany lhe catching rate has 
declined very considerably since 1955 and the quota was 
not filled in 1957. Poorer we;itber conditions along the 
western coast in 1957 may have bad some effect, but the 
stock of humpback whales hunted on the Western coast 
is continuing to decline. Humpback stocks on the eastern 
coast of Australia and at Norfolk Island continue in sound 
condition. 

Marking of humpback whales wa·.s continued in I 957, 
101 marks being fired into whales on the western coast, 
72 along the eastern coast, and three near Norfolk Island. 
Two marks were recovered at Carnarvon, one from a 
whale marked in Shark Bay two years earlier, and the 
other from a whale marked in the same Antarctic sector 
two and a ha!£ years before. One mark, fired into a 
whale ofT Moreton Island in 1955, was recovered at 
Tangalooma in 1957, while another whale marked near 
Moreton Island in 1956 was shot in Cook's Strait, New 
Zealand. in 1957. 

(b) Sea Fish.-(i) Barracouta (Thyrsites atun).­
Catch records from aJl State Fisheries Departments have 
been compiled and analysed. Otoliths have been 
examined and the results will be used for age determina­
tion studies. A grant has been obtained from the Inter­
departmental Trust Fund for Fisheries Development for 
the construction of a vessel for barracouta research. 

(ii) Trawl Fish.-Investigation of the Lakes Entrance 
fishery for flathead is complete. The stocks of tiger 
flathead in that area are not independent of those of the 
southern New South Wales coast. 

(iii) Flounder (Rbombosolea tapirina) .-The results of 
research on the greenback flounder (Rhombosolea 
tapirina) of Victoria and Tasmania have been prepared 
for publication. The yearly commercial catch in Victoria 
has varied from 100,000 to 150,000 lb. from 1948 to 
1955 and in Tasmania from 60,000 lb. in 1947 to 18,000 
lb. in 1956. The female fish reach maturity in their third 
year at a length of 24 cm. Spawning takes place over an 
extended period from April to October with a peak in 
August. The growth rnte of this species is slow during 
winter (May-A ugusl) and accelerated from November to 
February. Four-year fish average 30 cm. in length. Two 
populations of subspecinc rank were separated on a study 
of meristic differences. 

(·iv) T11na.-Research was changed from a general 
oceanic investigation of southern bluefin tuna to a study 
of a restricted area of the south coast of New South 
Wales. F.R.V. Marelda is now used exclusively for this 
programme and is stationed at Eden. 

All evidence indicates that the southern bluefin tuna 
are randomly disrribured within a particular water mass, 
but numbers congregate where the following factors 
operate: vertical mixing between the Sub-Antarctic and 

central Tasman water masses, and shear zones apparently 
caused by two ocean currents moving in opposite directions. 
Jn the open ocean, regions exhibiting these features can 
be determined from the observation of temperature 
" fronts " indicated by either a sudden rise or a fall shown 
on a surface temperature thermograph. 

Remarkably few surface schools of tuna were sighted 
during the tuna season in the Eden area. They did not 
appear south of Talhra (about 24 miles north of Eden) 
where a current of some magnitude, during the tuna 
season, moved away from the coast in an E.S.E. direction. 
It was in the area to the north of this current that most 
of the 1957-58 commercial catch of tuna was taken. 
Subsequently, with the rapid summer change in environ­
ment noted above, the tuna retreated south, appearing in 
the region of Lakes Entrance, Victoria. The commercial 
catch of tuna in Australian waters was 1,450 tons, the 
largest catch yet taken. 

From October to January, 267 small (5-8 lb.) southern 
bluefin tuna were marked with tags consisting of a small 
silver dart head and a plastic tube tail, containing a tape 
with a number and a request to return the tag to the 
Division. These tags were inserted behind the second 
dorsal fin, ~md records were kept of the length and weight 
of each tagged fish. 

(v) School Shark (Galeorhinus australis).-The catch 
statistics for school sharks caught in Australian waters were 
compiled and prepared in a manuscript, "The status of 
the school shark fishery in south-eastern Australian 
waters ". The recorded commercial catch of school shark 
for 1956 was 1,416,968 lb. in Victoria, 236,496 lb. in 
Tasmania, and l,530,683 lb. in South Australia. Twenty­
seven internal tags were recovered; of these four had been 
free since 1949, six since 1950, ten since 1951, two since 
1952, two since 1953, one since 1955, and two since 1956. 

(c) Estuarine Fish.-(i) Lake Macquarie Studies.­
Most of the year has been occupied with an analysis of the 
Lake Macquarie data. The commercial fish catch suggests 
that a real drop in abundance of several species occurred 
in the years 1945-1953 which was the period during 
which allegations of depletion of the stocks in the lake 
were made. T he drop was not general to New South 
Wales, and as a considerable amount of interchange of 
most estuarine species goes on from estuary to estuary, 
the state of the fish stock may have resulted from some 
conditions peculiar to Lake Macquarie. 

The events occurred before the Division's investigations 
began, but the ecological studies suggest that when rainfall 
is heavy and prolonged the narrow entrance channel with 
its shallow sill into the lake prevents any r apid dispersion 
of the fresh water. Under such conditions in 1955 and 
1956, stratification of the water occurred and was accom· 
panied by marked diminution of the oxygen content of the 
saline lower strata. Rainfall records for the district show 
that in 1945 rainfall was heavier and more prolonged than 
in 1955 and 1956, and under such conditions lower strata 
may have undergone deoxygenation to a critical level. 
Such conditions would result in the death of the inactive 
forms of life. The algal-feeding luderick and mullet had 
recovered their abundance by 1951, but the predominantly 
carnivorous whiting, bream, and ftathead had not recovered 
by 1956, since the plants would recover more rapidly than 
the animals of the benthos. 

Repetition of the conditions of prolonged heavy rainfall 
may again influence the fish stocks in the same way. 

(ii) Western Australian Estuarine Fish.-A study ot 
the breeding seasons and size at maturity of eighteen 
estuarine-inhabiting species of fish was completed. Suffi­
cient data to indicate the complete cycle were available for 
eight species only. It is assumed that because no mature 
or near-mature fish of the other ten species were taken in 
the estuaries, and in some cases because mature specimens 
have been taken outside the estuaries, the late gonad 
maturation and spawning of these species occur in sea­
water. 



71 

Black bream spawn from late winter to sprim!, cobbler 
an<.! skipjack io spring, aocf garfish and Perth be;ring over 
th~ SJ?ring and summer; fla1head , sand whiling, a.ad yellow 
tail are summer spawners, and yellow-eye mullet and sea 
mullet spawn in the winter. Fecunclicy ranges from 700 
eggs in small cobbler to over 2.000.000 in sea mullet. 
The fishes examined mtilured in 2-4 years. 

(d) Freshwater Fish.-(i) Trout Tnvestigatio11s.-The 
preparation of the results for publication contir.ucs. The 
first four papers have been published, or accepted for 
publication, nnJ a general account for anglers has appeared 
in a Fisheries Circular. 

Scale reading for the next paper in this series, the .fishery 
of the southern region, has been carried on contiouous1y 
si 1.ce November, 1957, and is nearly complete. 

(ii) Fish Culture.-Tbe results of experimental work 
on farmers' dams in Tasmania and stuJies of the biology 
of tench have been prepare& for pub!icntion. 

(e) Crustacea and Shellfislt .-(i) Western Crayfish 
(Panulirus longipes).-The fishery for crayfish at eacb of 
the island groups of the Houtman Abrolhos has been 
described in papers for publica tion. The production 
figures for the whole of tbe Western Australian crayfish 
catch from 1954 have been compiled, analysed. and dis­
cussed. The commercial production for 1957 was 
l L,S30,000 lb., from 9,930,000 crayfish at a market value 
of £ 1,970,000. 

( ii ) Sou them Crayfish (Jasus Jalandii) .-To collect 
phyllosoma larvae in the Port A rtbur area in Tasmania 
three paired horizontal and vertical plankton hauls were 
made weekly from la1e October lo the end of January. 
About seventeen specimens of the puerulus stage (0+ year) 
of the southern crayfish were obtaioed in July, J 957. 
Supplies of the juveJ1ile stage were located at Hobart and 
Triahunna. 

Crayfish have been tagged at Cape Sorell. Five different 
punch tag marks were used for the various size ranges. 
Between 1956 and J 958 more than 3.000 crayfisb wer.:: 
marked nod 66 have been recovered. Of those recovered 
in the Cape Sorell area, 75 per cent. showed a mean 
increase in length of 1 cm. for sizes as much as 3 cm. 
below tbe minimum legal size. 

(iii) Pearl Oysters (Pinctada spp.) .-Growth rate.- .'\ 
cruise Lo Groote Eylandt in November, 1957, reveak:.1 
1hat the 1,000 tagged oysters planted the previous yetlr 
had all been removed in commercial operations. Confirma­
tion of g,rowth rates reduced from other data has yet to b~ 
obtained. Tests have been made with the nylon rope 
method' of hanging shell from rafts ar.d indications are 
that growth rate is maximal. 

A preliminary analysis of part of several years' monthly 
samples of gonads from three Queensland localities has 
been made. Tbe main findings are: a secular change in 
gonad volume has been detected in Mainland Ground 
material extending over three years;. young oysters have 
a lower proportional gonad volume at spawning than older 
oysters; two peaks of gonad development are indicated, 
one in September-October and the other in February­
March; there are slight differences in spawning times 
between different localities. 

Reproduc1io11 in Pinctada margaritifera and P. fucata.­
Regular monthly gonad samples of P. margaJ·itifera and 
P. fucata were sectioned and examined, and the results 
prepared for publication. At first maturity, oysters are 
predominantly male and the rate of se~ ch:uige fr?m ~ale 
to female exceeds that in the reverse d1rect1on uottl middle 
age by which time the sexes are equally common. 

P. nlbina and P. fucata become sexually mature and 
spawn within six months of spat settlement and frequently 
spawn again towards the end of the. first year_. P. mar­
garilifern is a late maturing species reachmg sexual 
maturity in f'he second year. 

Jn the pearl culture investigations, collection of gonads 
has continued for spawning observations, and artificial 

fertilizations have been carried out by using the ripest of 
the gonads available. S. Wada's ammonia technique has 
been adopted as a standard procedure. 

It has been found that there is a cycle in the fertiliza­
bility of eggs, and two peaks have been found, in Sep­
tember and in .February. 

During his visit in February and March to Thursday 
fsland, Dr. Wada obtained 98 per cent fertilization in some 
experiments, but this was by using high concentrations of 
ammonia, and subsequent development resulted in low 
numbers of healthy D larvae. One such fertilization which 
gave 50 per cent. cleavage resulted in D larvae which lived 
for 34 days and reached an average size of about 125µ.. 
These were fed on Duna/iella, but growth almost ceased 
after fifteen days. 

Pearl culture investigations reached completion when 
culture specimens prepared twelve months ago were 
brought in for examination. The deposition of nacre was 
particularly satisfactory, and showed that half pearls 
would reach marketable quality in twelve months, and 
graft pearls in two years. 

(iv) Scal/ops.-A number of o+ scallops were 
measured for growth rate studies. The number of striae 
formed during the first year is. relative.ly constant and the 
first growth ring on the scallop shell is not laid down until 
its second year. 

Underwater observations to 50 feet were made in April, 
1958, on scallop beds in Norfolk Bay. Catches made dur· 
ing these trials from the lower half of the D 'Entrecasteaux 
Chnnnel indicated that thei:e had been a good spatfall in 
1957, the adults of which will come into the fishery before 
the 1953 brood stocks are exhausted. 

(v) Oysters.-Sydney rock oysters (Crassostrea com· 
merciaJis) .- During the winter of 1957 there were no 
serious outbreaks of winter mortality. 

Pacific oysters (Crassostrea gigas) .- Only a few spat 
have been located so far in MaUacoota, Victoria, but in 
Porl Sorell on the northern coast of Tasmania. a bed has 
been discovered about seven miles from the parent stock 
sel out by tbe Division in 1954. This ·bed contains stock 
'of three distinct size groups, which indicates successful 
spatfall during the last three summers. Spat were deposited 
in Port Sorell, and others were carried along the coast in 
larval form and have settled successfully in the Mersey 
River, the next wa·terway to the west of Port Sorell, 

4. TAXONOMY AND EMBRYOLOGY. 

(Division of Fisheries and Oceanography.) 

The reference catalogue of Australian fish has been kept 
up to date from current literature. A further twelve 
numbers of the illustrated handbook of Australian 1ishes 
have been published as monthly supplements of the 
Fisheries Newsletter. The check-list of New Guinea fishes 
is now being printed. This lists 1,429 species from the 
region and incorporates a list of the fishes taken during 
1948-50 by F.R.V. Fnirwind. 

5. H YDROLOGY. 

(Division of Fisheries and Oceanography.) 
(a) Oceanic.-Studies on the East Australian current 

made from F.R.V. Derwent Hunter show an unexpected 
degree of easterly movement. The surface oxygen con· 
tent of the. faster moving sections of the current in general 
was below saturation. 

Surface sampling was maintained from M.V.'s Malaita 
and T11lngi in the Coral Sea and the northern Tasman 
Sea, from T.S.M.V. Wa11ganella in the Tasman Sea 
between Sydney and New Zealand, and from T .S.S. 
Taroo11a, M.V. Jillian Crouch, S.S. Century, and S.S. 
Talune in Bass Strait. 
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In March-April, 1958, sampling to 1,000 m. was carried 
out from H.M.A.S. Queenborouglz in the region Sydney­
Brisbane-Noumca-Ncw Zealand. Fifty-niac bathythermo· 
graph and surface sampling stations and twenty stations to 
1,000 m. were worked. 

From H.M.A.S. Warrego in April, 1958, twelve vertical 
stations, including five to 500 m., were worked in t_he 
western Coral Sea and through the Arafura Sea to Darwm. 

(b) Coastal.-Monthly coastal stations for the study 
vf long-term trends were maintained along the New South 
Wales and Tasmanian coasts. Drift card releases at all 
.:oastal stations were continued and results from recaptures 
were published. 

6. PHYSICAL OCEANOGRAPHY. 

(Division of Fisheries and Oceanography.) 
Sea trials of an instrument for recording temperature, 

cblorinity, and depth were concluded during the year. The 
accuracy of Lhe instrument is temperature +0.15° C., 
chlorinity ±0.03°/ oo· 

As part of the Division's contribution to the Inter­
national Geophysical Year CT.G.Y.), monthly mean sea­
levels from a number of ports on the Australian coast and 
adjacent islands are being collected and sent to world data 
centres. 

The calculation of surface currents and volume trans­
ports off Sydney has been continued. By using the data 
from two lines of stations about 60 miles apart, the move­
ment of water normal to the coastline, as well as parallel 
to it, can be calculated. 

7. PRODUCTIVITY. 

(Division of Fisheries and Oceanography.) 

Seven cruises by F.R.V. Derll'ent Hunter made measure­
ments of carbon dioxide uptake by the 14C method with 
incubntioo both in situ and in a light bath oo samples 
from O, 25, 50, and 100 m. from three stations 25, 70, and 
120 miles east of Port Hacking. A similar programme was 
commenced by F .R.V . .Tay Bee at the Port Hacking onshore 
50 m. and 100 m. stations in conjunction with programmes 
of plankton pigment concentration. 

Some new equipment has been designed to improve 
the uc method. These include a special filtration appara­
tus for the samplers already designed, improvements in the 
sealina mechanism of the samplers, and two light baths. 
The 14c equipment designed by this Division is now being 
produced commercially and has been supplied to th·:! 
Institut Fran9ais d'Oceanie in Noumea. 

In March-April, 1958, during the joint I.G.Y. cruises 
of H.M.A.S. Quee11horoug/i and Quickmatch, carbon 
dioxide uptake measurements by the 14C method, pigment 
concentrations. and light penetration measurements were 
made from the Q11ickmatcl1 on lines of stations on the 
courses Brisbane-Noumea, Noumea-Auckland, and Wel­
lington-Sydney. 

8. ZooPLANKOTOLOOY. 

(Division of Fisheries and Oceanography.) 
(a) Bass Srrair.-In the final barracouta cruise by 

F.R.V. Derwent Hunter in Bass Strait in May, 1957, 
greatest abundunce of zooplankton was not around the 
periphery of this offshore invasion as in November, 1956, 
but was further to the south-east. 

(b) Port Hacking.- Regulnr collections off Port Hack­
ing at the 100 m. stntion were continued until December, 
1957. The spring salp swarm was even smaller than that 
of che previous year, and the summer peak of abundance 
wa <. approached earlier in the season. 

(c) Oceanic.-Zooplankton was collected on four of the 
cmises by F.R.V. Derwent Hunter concerned with a study 
of the East Australian Current. Results show an abun­
dance of zooplankton on the continental slope, with :i 

sharp decrease further offshore. When the East Austra­
lian Current is flowing strongly to the south, there js 
marke<.1 increase in both numbers of species and quantity 
of zooplankton at its western boundary with a gradual 
decrease towards its eastern boundary. 

(d) Tuna Crnises.-Cruisc DH2/57 in March-April 
traversed a line from Sydney to eastern Tasmania. A 
thermocline at 60-70 m. was present at a number of 
stations and zooplankton was virtually absent below tbi~ 
thermocline; this is unusual in the open ocean. Cruise 
DH! 2/ 57 examined the waters off south-east New South 
Wales. A large tongue of warm water containing abund­
ant zoopl:mkton was located between latitude 34° S. and 
36° 30' s. 

9. MARINE FOULING. 

(Division of Fisheries and Oceanography.) 
Investigations on methods of rearing larvae of marine 

fouling organisms to the settling stage were continued, and 
particular attention was given to the problem of providing 
sufficient food for mass cultures of barnacle, tubeworm. 
mu~scl, and oyster larvae. A number of diatoms, algae. 
and flagellates have been grown in culture and tested. 

The tubeworm Hydroides norvegica Gunnerus was 
raised to the settling stage in nine-ten days at 20° C. by 
using the green flagellate Dunaliella terteolecta. The 
larvae did not show the " searching " behaviour prior to 
settling that has been, observed in other fouling larvae. 
The settling and some experimental reactions of the 
bryozoan larvae Waiersipora cucullata (Busk) were 
observed. 

Tests to measure the macrofouling settling intensity 
during antifouling paint trials were examined statistically. 
It was concluded that, provided the control plates were 
placed at the same stntion and depth, facing the same way, 
and 5-10 feet apart horizontally from the experimental 
plates, nn assessment of the intensity of fouling could be 
made. 

Observations were commenced on the behaviour of 
larvae when they encounter an antifouling surface. It 
was found that more larvae settled when the test surface 
was vertical. 

1 0. PHYTOPLANKTON. 

(Division of F isheries and Oceanography.) 
A method has been devised and tested for counting and 

diliercntiating phytoplankton at sea. This involves col­
lecting 5-litre samples in a plastic sampler, centrifuging 
at 18,000 r.p.m., resuspcnding the sediment, and counting 
an aliquot by using autofluorescence and induced fluores­
cence with acridine orange. 

] I. BIOCHEMISTRY. 

(Division of Fisheries and Oceanography.) 

In January, a laboratory was equipped and an investi­
garion commenced on the determination and function of 
marine pigments. Weekly collections of water have been 
made at the 50 and 100 m. stations off Port Hacking and 
other collections during cruises of the F.R.V. Derwent 
Hunter and H.M.A.S. Quickmatcl1. 

XIII. FOOD. 
1. GENERAL. 

With the steady improvement of methods of transporta­
tion. all forms of food are being conveyed greater 
distances between producer and consumer; and the pre­
servation of even the more perishnble foods is assuming 
increasing importance. As a major food producing coun­
try situated great distances from the main food importing 
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centres, ~nd with a vecy. considerable geographical prob­
lem of its own, Australia has a specin.I interest in the 
preservation of food duiing transport: 

The Organization'-s work on food is undertaken chiefly 
within the Division of Food Preservation and Transport 
with its main laboratories 11t Homebush, New South 
WaJes, and branch laboratories at Brisbane (meat); West 
Gosfonl, New South Wales (citrus fruits); Hobart (fish, 
apples, and berry fruits); and at the Bot·any and Bio­
chemistry Departments, University of Sydney (plant 
physiology and physical chemistry). The work of the 
Division is described in Sections 2-11 of this Chapter. 
Work on the manufacture of dairy products is carried 
out by the Dairy Research Section at Highett, Victoria 
(see Section l2 of this Chapter). 

Work on dried vine fruits is in progress at the Com­
monwealth Research Station (Murray Irrigation Areas), 
Merbein, Victoria (see Section 13 of this Chapter). 

Division of Food Preservation m1d Transport.-The 
Chief of the Division, Dr. J. R. Vickery, was invited by 
the British Ministry of Agriculture, Fisheries, and Food, 
to examine and report on proposals which have been 
made for the extension and development of research on 
meat in Britain. He spent approximately five months in 
Britain (January-June, 1958) on this task. During bis 
absence, Mr. E. W. Hicks was Acting Chief of the 
Division. 

One of tbe new co-operative projects initiated during the 
year was a three-year investigation of levels of fruit ~pray 
residues and their removal, begun jointly with the New 
South Wales Department of Agriculture and financed 
by a special Commonwealth grant with assistance from 
other bodies. 

Dairy Research Section.-Tbe research programmes of 
the Section have continued in the pattern of previous years, 
major activities including: development of food products 
from milk, investigation of flavour chemistry of dairy pro­
ducts, packaging of cheese, mechanizing cheese manufac­
ture. and better understanding of milk proteins. 

The Section suffered a great loss by the death of Dr. 
K. Kumetat. 

The cheese curd fusing machine on which the Organiza­
tion bas filed patent applications both in Australia and 
overseas was completed and put through successful trials, 
and could be the :first effective attempt to completely 
mechanize cheese manufacture. 

2. PHYSICS. 

(Division of Food Preservation and Transport.) 

(a) Rail Transport.-Furtber work on the fan car 
built by the Queensland Railways bas been canied out in 
collaboration with the Division of Horticulture, Queens­
land Department of Agriculture and Stock. Its perform­
ance has been studied when loaded completely with warm 
produce, and information has been obtained to assist in 
planning the most satisfactory stowage methods for the 
mixed loads which are commonly carried in it. 

(b) Canning Processes.-Work bas continued actively 
on several aspects of the theory of canoing processes and 
practical techniques for evaluating the adequacy of par­
ticula r processes from the point of view of sterilization 
of packs. 

Studies of the effect of the variation witb temperature 
of tbe therma] properties of food packs on the form of 
heating and cooling curves have been completed. 

Improvements in experimental techniques have per­
mitted satisfactory completion of work on the errors intro­
duced into measurements of temperatures in cans during 
processing by conduction of heat along the thermocouples 
used for measuring the temperatures. The requirements 
for nccurate measurements during the early stages of cooJ, 
ing are much more stringent than those for precise deter, 
mioation of the properties of beating curves which are 
required for process calculations. 

The estimation of the contribution of the cooling phase 
to the sterilizing value of a process is more difficult than 
that of the beating phase. The conventional methods for 
evaluating the cooling phase are not as soundly based as 
is desirable. A detailed study of the cooling of packs 
which beat by conduction is in progress. Under certain 
circumstances, there may be some movement of producl 
within the cans during the early stages of cooling although 
the heating is purely by conduction, at least during that 
part of the heating phase in which there is significpot 
destruction of bacterial spores. 

Progress has been made with an assessment of the un­
certainties in estimates of the sterilizing value of a process 
arising from various causes but more work is needed. 

Contributions have been made to tbe mathematical 
theory of process evaluation. 

(c) Water Relations.-Measurements on the wate1 
relations of foodstuffs have been continued. Because of 
interest in published data on the amount of water which 
remains unfrozen in foodstuffs containing proteins, samples 
of dried beef prepared by freeze drying are being equi­
librated with ice at 0° F. to determine the equilibrium 
water content. 

(d) Colour Measurement.-A study of the colorimetric 
data obtained on tomato purees has shown that it may be 
possible to grade the product according to colour by 
measuring the reflectance at three selected wavelengths. 

(e) Freeze Drying.-Equipment for drying concen· 
trated sugar ·solutions bas been constructed and tested, for 
routine drying of products for non-enzymatic browning 
studies. 

3. Foon CHEMISTRY. 

(Division of Food Preservation and Transport.) 
(a) Volatile Products of Apples.-VoJatile products 

are related to flavour and to the storage disorder superficial 
scald. Tests for hydrocarbons besides ethylene were con­
tinued. The absence of higher olefines was confirmed by 
gas chromatography. 

(b) Control of Superficial Scald.-A number of volatile 
hydrocarbons were found to reduce scald, and the influence 
of unsaturatioo is being investigated. Control by oil wraps 
may be related to this effect and a number of mineral oils 
are being tested. Secondary amines related to dipbenyl­
amine reduced scald, but not as effectively as dipbenyl­
amine itself. 

(c) Natural Coating of Apples.-The natural coating 
affects the metabolism of the stored fruit through its con­
trol of gas exchange. Particular attention is being given 
to the oil fraction which increases during storage. Apples 
treated with diphenylamine (which controls superficial 
scald) were found to develop oil with less conjugated un­
saturation. The insoluble cutin fraction was found to 
yield carbohydrates and proteins as well as ether-soluble 
acids on saponification. 

(d) Lipid Metabolism of Avocados.-Studies of the 
chemical changes in avocados during development and 
storage were completed. A fraction associated with the 
phospholipids was examined· chromatographically. A 
number of new lipids, which appear to be hydroxy esters, 
were isolated, and work on their structure is continuing. 

(e) Studies on Fatty Acids.-A kinetic study is being 
made of the isomerization of unsaturated fatty acids with 
potassium tert.-butoxide, which has application in lipid 
analysis. 

(f) Anaerobic Decomposition of Ascorbic Acid.-This 
reaction is the one concerned in the destruction of vitamin 
C in stored canned foods. Further data on the yield of 
furfural at various temperatures 11nd pH levels were 
obtajned. 
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(g) Protein Chemistry.-Problems in food preservation 
which involve changes in prote ins include toughness or 
" stringiness " in frozen fish, " drip " in frozen beef, and in­
activation of enzymes in canning. An attempt is being 
made to define these changes and distinguish between 
" aggregation " and " conformation " or "denaturation " 
changes. The influence of urea, heat, and freezing has 
been studied. Although urea causes marked " conforma­
tion " and " disaggregation" changes in a number of 
proteins it bas been shown that aggregation reactions fol­
lowing denaturation may occur in the presence of ~rea 
under the right condjtions of temperature, concentration, 
and pH. Experiments have been started with the .aim of 
defining the environment of protein molecules during the 
freezing of solutions or gels by measuring the salt con­
centration, pH, and protein concentration during the freez­
ing process under controlled conditions. 

The effects are being investigated of freezing on the 
actomyosin system of fish muscle. It bas been shown t~at 
dissociation of dissolved actomyosin is promoted by m­
creas ing the salt concentration and lowering the tempera­
ture, pH, and protein concentration. The c~anges are 
accelerated by freezing and thawing; however, 1f the te.m­
perature is such that russociation is mi~imal, then freez1~g 
and thawing tend to produce aggregation of the protem. 
The two proteins, actin and myosin, which combine to 
form actomyosin, are also being studied separately. ~ome 

progress has been made in the p~eparation and p~nfica­
tion of fish actin, and the isolation of fish myosm bas 
recently been undertaken. 

Another problem being considered is the mode of 
clotting of milk by rennin, a process involved in chee~e 
making. Only the caseins are altered, and an attempt 1s 
being made to determine which casein is the primary 
ta rget of attack. The aggreg~tion o~ the caseins . is also 
being studied. The kappa-casein fraction bas been 1so~ated 
and purified, and the contention confirmed of von Hippe! 
and Waugh that it is the primary site of rennin action. 

(Ir) Po/arography.-A review of ~olarographic m':thods 
with special reference to trace analysis has been published. 
Contributions to polarographic methodology and the 
polarography of amino acid metal complexes are in cou~se 
of publication. Polarograpbic methods are bemg 
peveloped for the determination of sulphy~ryl groups, 
involved in protein aggregation and denaturat1on. 

(i) Chemistry of Non-enzymic Browning.-Work bas 
continued on the use of freeze-dried fruit purees for the 
study of non-enzymk browning and the identi!ication of 
the cationic and anionic compounds formed durmg brown­
ing. Overall quantitative values had previously been 
obtained for the amino acids before browning and for the 
amino acids and 1-(N-amino acid)-1-deoxyfructoses after 
browning. It has now been shown that the Moore and Stein . 
method for the determination of amino acids, by means 
of elution chromatography on columns of a buffered 
cation-exchange resm, can also be used to determine ami~o 
acid-deoxyfructoses. T his method has been. used to obt~ID 
quantitative values for these compounds m freeze-dried 
apricots before and after storage for twelve months at 
25° c. and 70 per cent. R.H. P rogress has been made with 
the determination of individual organic acids by elution 
chromatography. 

The reducing value of the reaction yroduct has be~n 
used to study the reaction between glycme and glucose 10 
syrups with a pJ:l and ~?ter content similar to those of the 
freeze-dried fruit. Tmt1al rates, expressed as first order 
constants, have been determined at differe.nt te~peratures 
with and without bisulphite and orgamc acids. The 
genera l course of the reaction in. the presenc~ and absence 
of bisulphites is also being studied by chemical and spec­
lrophotomctric methods. 

A number of reaction products from aldoses and bisul­
phites and from glucose, bisulphites, and amines have been 

obtained in crystalline form. A high-voltage zone electro­
phoresis apparatus bas been built and is being used to 
study products of the glycine-glucose reaction not 
previously identified. 

4. MlCRODIOLOOY. 

(Division of Food Preservation and Transport.) 

(a ) Water Relations of Microorganisms.-Pbysiological 
studies of the relation of the internal solute concentration 
of bacterial cells to that of the growth medium have been 
continued with halophilic and non-halophilic organisms. 
Osmotic adjustment of cells of Vibrio metchnikovi on 
transfer to a more concentrated medium has now been 
obtained in the absence of a nitrogen source. The changes 
in solute and water content involved are being studied 
further. 

The internal concentrations of sodium and potassium in 
cells of Staphylococcus a11re11s increased as the water 
activity of the growth medium was reduced by the addi· 
tion of sodium chloride. Potassium was always pre­
dominant. 

The ability of some strains of Gram-positive bacteria to 
grow in media of high salt concentration appeared to be 
associated with accumulation of very high i.nternal levels 
of potassium when grown in low-salt medium. The im­
portance of potassium in osmotic regulation is being 
investigated. 

Various washing treatments on the retention of internal 
solutes have revealed major differences in the permea­
bility properties of Gram-positive and Gram-negative 
bacteria. 

Studies on the water requirements for growth of 
Clostridium botu/inium types A and B have been com­
pleted. The lower limit for growth and toxin production 
was a t a water activity of 0.94. Vegetative inocula grew 
at a water activity slightly lower than that required for 
spore germination. 

(b) Heat Resistance of Spores.-Research on heat 
resistance of spores equilibrated to low moisture contents 
led to the hypothesis that heat resistance is associated 
with the maintenance of relatively dry internal conditions. 
Permcabiliiy studies with heavy water using an improved 
method of purificatio;i of the water samples showed that 
the heavy water mixes freely with all or nearly all (perhaps 
99 per cent.) of the water contained in the spores. 
Differences in the volume of the spores and the volume of 
total water suggest that the spores are unlikely to maintain 
a large volume of the contents in a relatively dry state. 
These experiments are being continued. 

Vapour pressure isotherms of intact and disrupted spores 
are in progress to determine whether the contents show 
properties different from those of intact cells. 

(c) Drying of Microorganisms.- Previous work on the 
death of microorganisms during storage in the dry state 
has been extended to include more organisms and several 
gas atmospheres. The results of further large factorial 
experiments have heen analysed statistically and found to 
support the theory that death in the dry state may result 
from a reaction between carbonyl compounds a1~d amino 
groups on cellular proteins. A paper on the mechanism 
of death was read at a recent symposium on freezing and 
drying in London. Some determinations of carbonyl com­
pounds ir: the freeze-dried material have been commenced 
in order to provide more direct chemical evidence on the 
mechanism. 

Steady loss of viability during storage in the dried state 
is usual with cells but dried spores of three species haw~ 
been stored at water activities from 0 to 1.00 for over two 
years, and negligible loss of viability has occurred except 
a t zero water activity. Experiments have shown no effect 
of nmino acids, sugars. ancf carbonyl compounds on the 
viability of spores stored in the dried state. 



Studies of the physical conditions duriog the drying 
process have been commenced with an apparatus designed! 
LU collaboration with the Physics Section. Factors such. 
as degree of prccooling, rate and temperature of drying. 
nature and concentration of solute~ in suspending fluids, 
and the fti.:.11 water content of dried suspensions have bee111 
~tudicd and shown to affect the mortality during the drying 
process. Drying from the frozen state appears not to be: 
necessary, as has often been supposed, for optimal recovery 
of sensitive organisms, and in the presence of certain 
solutes mortality of some organisms was least when they 
were dried at temperatures above 0° C. 

5. MEAT. 

(Division of Food Preservation and Transport.) 
(a) Nature of "Drip" Fluid from Tlrawed-0111 Frozm 

Meat.- Earlier work on the total solids, ash, and pigment 
composition of drip and its behaviour in the ultracentrifuge 
has been extended by more detailed analyses including 
chloride and albumen content. As these constituents are 
presumed to be predominantly extracellular in origin 
estimates of the relative co:i tributioos of intracellular and 
extrace1Jul:1r solids to the drip can be obtained. These 
indicate that with small samples of muscles the soluble 
constituents of drip are predominantly of intracellular 
origin while with larger sections of meat the extracellular 
solids contribute increasingly to the drip composition. 

Current studies on the difference in composition between 
drip and the fluid which exudes from unfrozen muscle 
and the electrophoretic patterns of these fluids, as well as 
those of fluids expressed under pressure from thawed and 
from unfrozen samples, are expected' to throw further 
light on the origin of drip and on the changes in muscle 
constituents brought about by freezing. 

(b) Te11deriz.i11g Processes.-The changes in nucleotides 
(with ultimate production of hypoxanthine) which take 
place during aging of meat and which have been shown 
to parallel those of eating quality have been extensively 
studied as to their temperature and pH dependence. With 
frozen meal and hypoxanthine production is negligible 
during frozen storage and takes place during the freezing 
and thawing stages. Studies are under way to determine 
whether this reaction, like several others, can proceed 
with appreciable speecf at temperatures just below the 
freezing point. 

( c) Storage lnvestigations.-Further data have been 
obtained on the effects of different rates of freezing, with 
and without prechilli.ng, on the appearance, shrinkage, 
drip, and eating quality of beef. 

(d) Thermal Properties of Beef Carcasses.- Extensive 
studies are under way on the temperature distribution 
within beef carcasses during freezing and the relation of 
this to the temperature and rate of flow of the air in blast 
freezers. This work will provide checks on suggested 
formulae for rates of freezing and also supply appropriate 
design data. 

(e) Bacceriological Studies.-Fundaroental studies have 
continued on the influence of temperature and carbon 
diox.ide content of the gaseous environment on the growth 
rate of typical pseudomor.ads capable of growth at chiller 
temperatures. Metabolic experiments with high carbon 
di0xide atmospheres have shown no inhibition of oxidative 
activilies compa:r.ble with the inhibition of growth. 

Some recently isolated Gram-positive psycbrophiles 
huve been tentatively assigned to the family Micro­
co: caceae. Fundament2l studies on their physiology will 
be ur.dcrt;>.ken. 

-;'he efficacy of a number of available bactericides has 
be:n studied for sterilizing the hides of beasts by dipping 
before slaughter. The effects of concentration and time 
of immersion on the reduction in bacterial load on hides 
have been established but economic considerations suggest 
that such methods are at present not likely to replace 
existing practices. 
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(/) Ozone Studies.-Difficulties in analytical determina­
tion of ozone at low concentrations as outlined in the 
previous report have been investigated and the procedure 
has been standardized against physical measurements 
involving microdeterminations of density differences. With 
the use of the new procedure, rates of reaction of ozone 
with muscle tissue are now being studied at lower concen­
trations than was previously possible. 

(g) Freezer-bum lnvestigations.- Earlier work on the 
factors responsible for freezer-burn has been extended by 
studies of the rates of moisture loss and development of 
burn from offals which have undergone varying degrees 
of surface desiccation during freezing. 

6. FISH. 

(Division of Food Preservation and Transport.) 
(a) Fundamental lnvestigations.- Work bas continued 

on some aspects of denaturation of proteins in frozen fish 
muscle and on the methods for extraction of actomyosin 
in salt solutions. J nvesligations have been commenced 
on the post-mortem changes in prawn flesh and their 
effects oo glycogen depletion and ultimate pH. A tank 
suitable for holding Jive prawns has been constructed to 
enable the work to be carried out on freshly killed prawns. 

(b) Applied lnvestigations.-Studies have been made 
on the susceptibility of canned prawn flesh to grey and 
black discoloration. Conditions of post-mortem holding 
of the prawns and various methods of precooking prior 
to canning have been examined. 

Spoilage in miscellaneous fish products has been investi­
gated and bacteriological examinations of water used in 
fish and prawn processing have been carried out. 

7. EoG lNVOSTIGA T!ONS. 

(Division of Food Preservation and Transport.) 
(a) Disorders in Eggs.-A pink discoloration in the 

white and abnormalities in the yoll< of eggs are caused 
by hens eating plants of the order Ma/vale. These dis­
orders have been produced by feeding to hens malvalic 
and sterculic acids, two related fatty acids isolated from 
these plants. The onset of this "pink-white" effect and 
the changes involved in the eggs are being examined. 

(b) Hatchabi/ity.-In view of the disruptive effect that 
sterculic acid has on eggs, an examination in collaboration 
with the New South Wales Department of Agriculture 
was made of the effect of this acid on hatchability of eggs. 

(c) " Pink Rot" Disorder in Western A ustralian Eggs. 
-Examination of eggs showing this disorder has been 
made and it now seems certain that the disorder is not 
caused by microbial attack on the eggs. It is probable, 
too, that it is not due to the ingestion of feedstuffs con­
taining malvalic and sterculic acids. 

8. F RESH FRUIT AND VEGETABLE S TORAGE. 

(Division of Food Preservation and Transport.) 
(a) Plane Physiology and Biochemistry.-lnvestigatioas 

on the physiology of sugar cane with the Colonial Sugar 
Refining Company have been concerned with the mechan­
ism in cane tissue which accumulates sucrose in such high 
concentration. 

Mitochondria, the centres of much cellular respiratory 
and synthetic activity, have been investigated further; the 
relation of the respiratory enzymes to mitochondrial struc­
ture and ion content is being investigated. Mitochondria 
extracted rapidly from cells accumulating ions show 
increased ionic content during accumulation. 

Work on the biophysical properties of the giant cells of 
Chara australis was resumed, with the use of radioactive 
isotope techniques to investigate the fluxes of chloride 
and sodium ions. In collaboration with D r. J. Dainty, 
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Head of the Biophysics D epartment, Uojversity of Edin­
burgh, studies were made of the permeability of Chara 
cells to water. Both diffusional permeability (using D 20 
as a cracer for H:!O) and osmotic permeability (by trans­
cellular osmosis) arc being measured. 

A nalyses on the peas grown in the plytotron at Cali­
forn ia Institute of Technology showed that temperature 
of growth had a mnrke<.I effect on composition, especially 
the suJar content of the seed. Work on peas reported 
earlbr has been concluded temporarily with detem1ina­
t ions oi phytic acid which may be involved in the harden­
ing of peas and which showed a pronounced increase 
after the rise in starch. 

lnvi:-stigations on sucrose synthesis were continued; a 
study of the properties of cnzymically synthesized sucros;! 
was completed. Uridine d iphosphoglucose (UDPG) pyro­
phosp::oryJase which forms UDPG, the precursor of suc­
rose, was purified from pea seed extracts and its presence 
in a number of other plant tissues established. The 
properties of this enzyme and the reaction which it 
catalyses were studied, and also properties of a phos­
phatase from peas, which hydrolyses both glucose 6-phos­
phate and glucose 1-phosphate and which is potentially 
important in the control of carbohydrate metabolism. 

Studies on the mechanism of inhibition of glycolysis 
by oxygen (the Pasteur effect) in a pea seed extract were 
continued. The role of triose phosphate dehydrogenase 
as the locus of the oxygen effect was confirmed; the 
mechanism was related to the sulphydryl-group level of the 
protein. 

T he hypothesis that oxygen may inhibit photosynthesis 
by oxidation of the sulphydryl groups of glyceraldehyde 
phosphate dehydrogenase was tested in collaboration wit~ 
Professor J. S. Turner, Botany School, University of Mel­
bourne. Extracts prepared from isolated spinach leaf 
chloroplasts contained glyceraldehyde phosphate dehydro­
genase which was inhibited by oxygen. 

Methods for estimation of phosphorylated compounds 
wbicb play a major role in the control of respiration and 
synthetic processes have been improved. Work on 
changes dur ing the ripenfog of avocados and tomatoes 
was completed for publication. 

T he physiology of fruit development and maturation 
was investigated in Granny Smith apples from Griffith and 
Orange and in Jonathans from Orange, for the second 
season. This work, in co-operation with the D ivision of 
Plant Industry, aims a t a more physiological approach to 
judging the best maturity for harvesting. 

T asmanian Jonathan apples from thinned and 
unthinned branches on the same tree were used to define 
more clearly the physiological differences between large­
and small-celled fruits . 

Fruit development. maturation, and ripening were 
investigated for the second season on a crop of Williams 
pears at the Bathurst Experiment Farm from blossom to 
harvest to establish physiological, morphological, and 
anatomical changes. 

(b) Applied Research.-(i) Gns (or Controlled 
Atmosphere) S1orage of Apples.-The effects of varying 
levels of carbon dioxide and oxygen on disorders and 
fru it quali ty in the va riety Granny Smith were investi­
gated. In 1957 the apples were unusually susceptible to 
superficial scald, the most serious storage disorder of this 
important varie ty, and oxygen tensions of less than 2 per 
cent. were required lo reduce it; there was no marked 
effect of carbon dioxide on scald. 

Though various gas storage atmospheres improved fruit 
qu:tlity after long storage, the best effect was obtained 
when both several per cent. of carbon dioxide and low 
levels of oxygen were present. 

( ii ) Control of Superficial Scald on Apples.-Large­
sc:ile experiments have confirmed the complete effective­
ness of diphenylamioe as an inhibitor of scald, provide<l 
that adequate amounts are applied, either by dipping or 
bv enclosing the apples in diphenylamine impregnated 

wraps. Work on pre-harvest spray treatment is con­
tinuing. If human toxicity studies by the United States 
D epartment of Agriculture result in diphenylamine for 
fruit being cleared by public health authorities, it will be 
recommended to the industry. The roles of ventilation 
~nd fruit volat iles in scald development are still under 
investigation. 

( iii) Packagi11g.- Thc Division is still associated with 
development by the paper industry of corrugated fibre­
board boxes for fresh fruit. The quarter-bushel cherry 
box and the ha lf-bushel tomato box have proved quite 
satisfactory containers but further structural improvements 
are necessary in the bushel apple box. 

SeaJed polythene case liners which almost eliminate 
shrinkage in storage and offer possibilities of "inrcase 
controlled atmosphere stornge" have been again tested 
with several varieties of apples and pears. At present their 
use with suitable precautions is recommended only for 
two varieties of pears. The storage life of grapes can be 
usefully extended by these liners in conjunction with 
" in-package " sulphur dioxide treatment. 

(iv) Mould Wastage i11 Pears.- A dip treatment with 
sodium orthophenylphenate has controlled blue moulcf in 
stored pears but the possible skin injury bas not yet been 
overcome. 

(v) Tree Nutri1io11 and Fruit Quality in Apples.-In 
conjunction with the Chemists' Branch, New South Wales 
Department of Agriculture, a study has begun of the 
relations between the outritio;;al status of lhe tree and the 
yield and eating and keeping qualities of Delicious apples. 

(vi) Spray Residue Removal.- The problems of excess 
residues of toxic spray materials on fruit is of increasing 
importance and complexity, and could threaten export of 
apples and pears. 

(vii ) Control of Wastage in Citrus Fruit.-Protection 
aga inst mould in oranges stored for longer than three-four 
weeks has been achieved by following the sodium ortho­
phcnylphenate " rinsed " treatment with a skin coating 
of 0.5 per cent. sodium ortbophenylpbenate in wax emul­
sion. This combines the efiective moulcf treatment with 
the advantages of waxing. 

A new method of applying wax coatings, " foam 
waxing '', appears to be economical, simple, and advan­
tageous lo established packing houses. 

(viii) Queensland Fruit Fly (Co-operative Investiga­
tions with the Entomological Branch, New South Wales 
Department of Agriculture).- When 63,394 fruit fly larvae 
in oranges were fumigated with ethylene dibromide, no 
survivors occurred, provided that not Jess than 2 p.p.m. 
of ethylene dibromidc entered the juice. This work. 
carried out in small 10 cu. ft. chambers, is being repeated 
in the large chamber at Gosford. 

9. CANNING AND FRUIT P RODUCTS. 

(Division of Food Preservation and T ransport.) 

(a) Vegetable Can11i11g.-Green peas, the major vege­
table canning crop, have continued to be the subject of 
investigations directed towards raising quality standardi;. 

T he maturometer, un instrument designed in the Division 
and now widely used in the canning industry for the assess­
ment and prediction of maturity in peas, has been re­
designed to incorporate some modifications which improve 
its performance :ind increase its usefulness. Errors due 
to variable friction in the slid ing bearings on the guide 
posts have been e liminated by the use of four ring springs. 
In addition, the ring springs permit the range of the 
instrument to be readily extended so that texture measure­
ments may be made on blanched and canoed peas as well 
as on raw peas. Maturometcrs fitted with ring springs 
were tested under experimental and commercial conditions 
during the pea seasons in New South Wales and Tasmania 
and found to be entirely satisfactory in performance. A 
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maturometer was motorized and with the aid of automatic 
recording equipment a study was mad'e of the force­
penetration curve. 

Further studies on specific gravity grading indicated that 
this operation efficiently separated maturity grades pro­
vided that gases were completely removed from the peas 
during blanching. Mea_suremcnt_s of the . ~olume <:>f gas 
liberated during blanchmg provided add1t1onal evidence 
that the major changes occurred during the first 40 
seconds of blanching. It appears that blanching times in 
use at present for most size grades of peas could be 
substantially shortened. 

Tasting tests on canned peas which ~ad received a serie3 
of different blanching treatments failed to reveal any 
differences in acceptability. However, the low can vacua 
for unblanched peas and peas blanched for very short 
periocl<> confirmed the need to eliminate gases from peas 
before canning. 

Variety trials on tomatoes for pr?cessing were ~ontW:ued 
in the 1958 season with four vanet1es grown at Richmond, 
New South Wales. As in the three previous trials, the 
variety Urbana was outstanding in yielcf and was satis­
factory in chemical composition and organoleptic 
properties. 

Interest by riccgrowers and canners in the canning of 
rice prompted investigations which led to the development 
of procedures for the preparation of accept~ble packs of 
canned white rice, fried rice, and creamed nee. 

(b) Fruit Canning.- Maturation studies on J. H . H ale 
freestone peaches were continued for a third season at 
Bathurst, New South Wales. Drought conditions which 
persisted until a few days before harvesting m arkedly 
affected the growth rate of the fruit. In previous seasons 
the growth rate curve showed a single maximum shortly 
before the normal harvest date, but in the present season 
two district maxima were observed. The second maxi­
mum appeared soon after the drought conditions were 
relieved by rain and irrigation. Chemical studies on fresh 
and canned peaches and tasting tests Oil the Callned fruit 
have demonstrated some trends associated with maturity. 
None of these trends, however, appears to be sufficiently 
consistent to provide a reliable objective index of maturity 
in freestone peaches. 

Further investigations on orange juice cOllCelltrate, 
canoed and pasteurized in a spin cooker, have confirmed 
its instability in colour and flavour at ordinary storage 
temperatures, even with the addition of 100 p.p.m. of 
sulphur dioxide. The pasteurized product, however, 
retains very satisfactory quality for at least one year when 
stored at 32° F. 

An experiment which has been designed to provide 
information on the storage of berries canned in syrup~ 
of different concentrations is still in progress. Another 
experiment bas the main object of studying the use 
of pectin in syrups for canned berry fruits. 

A study of a problem associated with the use of wooden 
punnets has already yielded some useful information on 
methods of treatment. These pu!lllets are used for tbe 
transport of berries from the farm to the processing plant. 

(c) Chemistry of Processed Foods.-Substantial pro­
gress has been made towards the identification of the four 
anthocyanin pigments of blackcurrants. One has been 
shown to be identical with chrysaothemin (cyanidin-3-
monoglucoside) and another is probably a delpbinidin 
monoglucoside. A careful re-examinatioll of the other two 
pigments revealed that rhamnose as well as glucose was 
split off by acid hydrolysis. Cyanidin 3-rhamooglucos~de 

was synthesized by lithium aluminium hydride reduction 
of rutin, and proved to be identical with one of the black­
currant pigments. The remaining pigment is a delphinidin 
rhamnoglucoside. 

Determination of chlorophyll content of run-of-the-pod 
samples from a crop of peas (Canners' No. 75 variety) 

durin.g maturation showed a decrease with increasing 
maturity according to the relation:-

Chlorophyll content (mg/ 100 g. fresh wt.) 
=s -0.0217 M.l. + 11.616, 

where M.l. is the Maturomcter Index over the range 
150-300. T he ratio of chlorophyll A to chlorophyll B 
was 62 : 38 and was independent of maturity in the range 
studied. There were marked differellces in chlorophyll 
content between varieties and between growing districts 
when crops were compared at the same maturity. 

{d) Con1ai11er illvestigations.-Experimental work has 
been completed in the project on the evaluatioll of 1 lb. per 
base box electrolytic tinplate, which has been conducted 
in co-operation with the Commonwealth Canmakers' 
Association. The large volume of accumulated data is 
being analysed. Tests made on eleven canned foods 
indicate that, while electrolytic tinplate cans may be 
expected to be satisfactory for a wide range of products, 
they may be unsatisfactory for some specific foods. 

On behalf of the Navy and Air Force, the canning of 
water in tinplate and plastic containers has been investi­
gated in order to provide a stable and palatable water 
ration for lifeboats and Carley floats. 

10. FROZEN FRUITS AND VEGETABLES. 

(Division of Food Preservation and Transport.) 

(a) Berry Fruits.-It bas been demonstrated that the 
quality of strawberries, but not raspberries, is improved by 
holding them in syrup before freezing. T his observation 
requires confirmation. 

Frazell strawberries and raspberries, in syrup, have been 
stored at 0° F., at 14° F., and with the temperature fluctu­
ating between 0° F. and 14° F. The results confirm that 
for retention of quality over twelve months, a temperature 
of 0° F. is essential. The relationship between temperature 
and storage behaviour of strawberries, packed in dry sugar, 
is being investigated. 

Projects in progress will provide information on the 
effect on frozen berry fruit quality of vacuum syruping 
and rnpid immersion freezing. In addition the effect of 
temperature on quality rctentioll in frozen raspberry pulp 
intended for jam making is being investigated. 

(b) Freestone Peaches.-Freestone peaches, of the same 
variety but grown in different districts, showed marked 
differences in quality when frozen. D ata have been ob­
tained on the correlation of tannin content and polypheno­
lase activity of peaches with browning of the frozen 
product. The influence of thawing rate on acceptability is 
being evaluated. 

(c) Peas.- A comprehensive experiment with the 
variety Canners' No. 75 was designed to provide informa­
tion on the yields of dificreot size grades at several matu­
rities and harvest dates, and on the influence of maturity, 
date of harvest, size grade, and quality grade on the 
acceptability of the frozen product. The results indicate 
that peas wit11 an alcohol insoluble solids (A.I.S.) content 
of 9-12 per cent. give the highest quality product, but 
that a range of 9-1 4 per cent. is satisfactory for com­
mercial use. For any given A.LS. value large peas were 
preferred to small peas. Date of _harvest showed no 
independent innuence on product quality. 

(d) Sweet Corn.-Studies on the relationship between 
maturity and the quality of frozen sweet corn are con­
tinuing. Laboratory methods for assessing the quality of 
frozen sweet corn have been examined and the per cent. 
alcohol-insoluble solids of the frozen product was found 
to be a reliable guide to the maturity of the raw material. 

(e) Stri11gless Beans.-The sloughing of the epidermis 
of frozen stringless beans is being investigated in conjunc­
tion with an experiment to determine the effect of maturity 
on quality. 

(/) Cauli{lower.-The discoloration of frozen cauli­
flower during storage is being studied. 
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1 l. DEHYDRATED Fooos. 

(Division of Food Preservation and Transport.) 

(a) Vegetables.-A third and final year's trial on pea 
crops maturing at Hawkesbury Agricultural College has 
defined the range of maturometer readings which can be 
considered satisfactory for peas intended for dehydration. 

Several workers have shown that if small slits are cut 
in the skins of peas before dehydration the drying is 
facilitated and reconstitution improved. A satisfactory 
means of applying this idea in practice is needed. A 
mechanical slitting device bas been designed and will be 
tested this season. 

Conventionally dehydrated green beans remain some­
what shriveUed on cooking. Freezing of beans after 
blanching and before drying produced samples which were 
more like the fresh product. 

For the third year, quality tests were done on potato 
varieties grown by !be New South Wales Department of 
Agriculture. Varieties occupy similar rankings from year 
to year. 

Efforts to produce an "instant " rice have shown that if 
rice is fully precooked and dried at 170° F . for 2 hr., it 
will reconstitute to produce a satisfactory, ready-to-eat 
article merely by the addition of hot water and 10 min. 
standing. 

(b) Fruit.-Sulphur dioxide ls normally incorporated 
into dried tree fruits to preserve colour and flavour. Exist­
ing industrial procedures of sulphuring often result in con­
centrations of the preservative differing widely from allow­
able specifications. Following a study of basic factors 
affecting sulphur dioxide absorption and retention, equip­
ment is ready to apply this information on a pilot scale. 

'Tbe Division's technique for lye dipping of prunes prior 
to drying is being used in some areas where trouble has 
been experienced. 

A preliminary study of the efficiency of a typical apple­
drying kiln has given useful data which may be used to 
improve the present methods of drying or " evaporating " 
apples. 

At the request of the Tasmanian Apple Evaporators' 
Association, an attempt has been made to develop a simple 
factory method of measuring the moisture content of dried 
apples. lt appears that a method may be available to give a 
rough but useful estimate of moisture content in the apples 
before packing. 

(c) Dehydrated Mutton.- Drying rates of minced, pre­
cooked mutton have been studied in a through-draught 
drier. Tbe effects of air speed, temperature, humidity, fat 
~ontent, and rate of loading have been examined. 

A storage trial with freeze-dried minced mutton, raw 
and cooked, has been carried out. The results indicate 
that the minced cooked meat will prove to be very 
acceptable. 

Certain deteriorative changes take place in driecf meat 
during storage in the absence of oxygen and are generally 
referred to as " browning ". Two attempts were made to 
limit these changes, the first with sulphur dioxide and the 
second by lowering tbc moisture content with in-can 
desiccants. The latler experiment is still in progress, but 
the former has been completed and promising results have 
been obtained. 

(d) Dehydrated Beef.-Thc storage studies on air-dried 
beef mince have been completed. The process, normally 
used for the dehydration of mutton, will apply quite weU 
to beef. 

The collaborative experiment with the New Zealand 
Department of Scientific and Incfustrial Research on 
vacuum-dried raw beef chunks has been completed. 
Precooking and a lower temperature of drying may resull 
in a much improved product. 

12. D AIRY P RODUCTS. 

(Dairy Research Section.) 
(a) Cheese.-Complete mechanization of cheese manu­

facture has r ow been achieved, and the process has been 
successfully demonstrated to the industry. Negotiations 
are proce.:!ding for manufacture of a commerc.ial-scale 
plant. Experiments with the prototype have influenced 
the design of the commercial plant, which will allow a 
wider range o( treatments to be applied to the curd. 

Studies have been macfe on cheese milk in which the 
production by bacteria of lactic acid takes place relatively 
slowly. The strains of bacteria which are inhibited by 
such milk in laboratory activity tests have been found 
susceptible lo the action of agglutinins in raw milk. 
Extracts from colostrum, found to contain agglutinins and 
peroxidase, gave similar inhibitory effects to the raw milk. 

To improve the presentation of exported cheese, officers 
of the Section co-operated with the Cheese Manufacturers' 
Federation and the Victorian Department of Agriculture 
in preparing two experimental shipments of riodless cheese 
in "Cryovac" and " Paraform ". The first reports are 
encouraging. 

A project has been initiated on the physico-chemical 
factors responsible for the shrinkage of curd in cheese 
manufacture. 

(b) Flavou,. Chemistry.- In studies of fishy flavour in 
butterfat, the use of gas chromatography has permitted 
the isolation of a number of carbonyl compounds. The 
compounds contributing to the flavour are being identified 
through their 2,4-dinitrophenylhyd'razones followed by 
synthesis of the corresponding aldehydes. 

The separation ot flavouring compounds by gas chroma­
tography is complicated by water and by solvent impurities. 
Ways of minimizing such effects are being studied. The 
usefulness of the apparatus was increased by the addition 
of a new recorder and by improvements in temperature 
control. 

Completion of two years' observations on the suscep­
tibility of Melbourne market milk to oxidized flavour has 
confirmed that copper-induced oxidation shows a maximum 
in mid'summer and a minimum in midwinter, while Jight­
incjuced oxidation was at a maximum in winter months 
;ind a minimum in December. 

(c) Microstruct11re of Dairy Products.-Examination 
of the microstructure of cheese curd by fluorescence 
microscopy was extended to sections expanded on the 
surface of dist illed water. Fluorescence microscopy has 
also been applied to observation of the progress of Jipolysis 
in rancid milk. 

Anoptral phase-contrast equipment used in micro­
structu ral studies has aided investigation of the effects of 
denaturing reagents on casein and of the differences in 
roller and spray-dried milk powders after reconstitution. 

(d) Vitamin Fortification.- Assistance has been given 
in the commercial application of the work already done 
on the fortification of skim milk powder with vitamin A. 
Laboratory investigations have included a study of the 
stability of vitamin A in the milk when reconstituted. 

(e) Modified Milk Products.-Work on new food 
forms for milk solids has continued with attempts to make 
use of the special milk powders in biscuit manufacture. 
Preliminary experiments have been made on the value of 
whey proteins as egg substitutes. 

Further studies were made of the viscosity changes which 
lake place during concentration of skim milk and during 
treatment with alkali or with calcium-sequestering agents. 

(f) Butter.-Large-scale experiments in Victoria, and 
in Queensland in collaboration with the Queensland Butler 
Marketing Board, have shown that lowering of the cold­
storage temperatures of butter from the present level of 
J 2° F. d'id not improve the keeping quality. The causes 
of the greater deterioration which takes place on tha 
surface of stored butter, and the extent to which this 
surface layer affects the quality of prints prepared from 
the butter, are being studied. 



(g) Flavour of Recombined Milk.- ln studies on the 
effect of various additives or treatments on tbe flavour ot 
recombined miJk, some increase in acceptability was found 
on increasing the no;;-fat solids, dried buttermilk and 
some other substances such as glyceryl monostearatc, 
sucrose, and sodium citrate being added. 

( Ii) Sodium Hypochlorite i11 Milk.-Soctium hypo­
chlorite, commonly used as a steriJant on dairy farms, 
could gain access to milk b)' accident or design. Experi­
ments showed that hypochlorite could be detected by smell 
(tbe usual method of grading milk at factories) after two 
hours when added at a level of 80 p.p.m. The effect of 
such additions on the methylene blue test was studied, and 
a field survey of the incidence of bypochlorite in milk 
supplies was commeoccctt. 

(i) Miscel/aneous.-The development of commercial 
interest in llavoured milk drin.ks has been fostered by giving 
technical assistance, particularly in the preparation of 
homogenized chocolatc-navourcd milk. 

Al the request of the Cascio Manufacturers' Associa tion 
a survey is being undertaken of the quality and manu­
facturing problems of this industry. 

The tbiobarbituric acid test is used as a measure of fat 
deterioration. Investigations are being made to determine 
the particular compound in oxidized fat which is respon­
sible for the reaction. 

In connexion with a project for the development of a 
simple field test for solids-not-fat content of milk, com­
parisons were made between lactometric an~ gravimetric 
determinations. Results of the two methods differed rather 
more than has been reported elsewhere. 

13. DRIED VrNB FRUITS. 

(Commonwealth Research Station, Merbein.) 
The Station again tested the commercial dipping oils 

available to sultana growers and found as in previous 
years that there was not much variation between them in 
performnnce, although they varied notably in stability. 
The proportion of dried sultana cuticle extracted with the 
solvent chloroform docs not vary greatly from year to 
year. 

Dipping detached sultana skins in alkaline emulsion~ 
increased permeability to water fourfold over permeability 
of untreat~d skins at 30° C. The ratio fell with higher 
temperatures ancf nt 70° C. there was little difference in 
permeability between treated and untreated skit:s. 

Skin condition of fresh grapes left on the vines very 
late in the season was still very good following the 
unusually warm autumn of 1958, compared with market 
deterioration early in other, unfavourable seasons. Skin 
condition was determined with the matuiometer devised 
by the Division of Food Preservation and Transport for 
examination of canning peas. 

Further investigations on the use of solar radiation for 
drying vine fruits were made at the Station by an officer 
of the D ivision of Industrial Chemistry, and facilities were 
also provided for investigations by the Department of 
Primary Industry into dehydration of fruit on the rack. 

XlV. FOREST PRODUCTS. 

1. GBNBRAL. 

Tbe optimum national advantage from Austral ia·s 
timber resources can only be achieved with tbe aid of 
fundamental data on the properties, potentiali ties, and 
correct methods of treatment of our timbers. 

The Organization's D ivision of Forest Products, with 
its laboratory in Melbourne, was formed to carry out 
investigations on Australian forest products and to give 
di rect assistance to all concerned in the utilization of 
forest resources. 

The Division's research is directed toward more effec­
tive use of these resources, by reducing waste in forest. 
mill, and factory; by reducing losses from decay and insect 
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attack; and by improving the quality of timber produced 
in tbe growing forest by the study of the relationship 
between silviculturnl treatment and timber properties. 
The work of the D ivision is reported in this chapter. 
Some work on timber pests is undertaken by the D ivision 
of Entomology (see Chapter IX ., Section 14). 

Division of Forest Products.-The research programmes 
of the Division have continued without major change from 
the pattern established in previous years; nor have there 
been any changes in senior or administrative staff. 

The Chief, Mr. S. A. Clarke, visited England at the 
request of D.SJ.R. to advise on problems related to the 
pulping of plantation thinnings. He also represented Aus­
tralia at the fourth F.A.O. Wood Technology Conference 
al Madrid. 

A highlight of the year was the first c.onference in Aus­
tralia of representatives of Forest Products Research 
Laboratories in the British Commonwealth, and this was 
possible because of the venue of the Seventh British Com· 
monwcalth Forestry Conference in Australia and New 
Zealand (see Chapter 1., Section 11). 

The Sixteenth Pulp and P aper Co-operative Research 
Conference was held in the Division in November, 1957, 
and was altended by research personnel from the Aus· 
tralian paper companies and New Zealand Forest Pro­
ducts Limited, as well as officers of the D ivision. 

The cooperative programme with the plywood industry 
functioned smoothly during the year. Plant demonstra­
tions of peeling techniques and methods of control were 
held in aU the States and New Guinea. 

The pole investigations have also continued in co-opera­
tion with pole-using authorities and forest services. Addi· 
tional cash contributions for this work amounting to ove1 
£5,000 and material to the value of £600 were received. 

Representatives of industry have also been trained in 
the Division. Assistance was given to some 3,000 visitors 
and 12,500 inquiries have been answered. 

The help and co-operation of the State Forest Services, 
the Commonwealth Forestry and Timber Bureau, the New 
Guinea Department of Forests, the paper companies, the 
Australian Plywood Board, the pole using authorities, and 
a ll branches of the timber and allied industries are grate­
fully acknowledged. 

2. Wooo AND FIBRE STRU CTURE. 

(Division of Forest Products.) 
(a) A11ato111ical l uvestigatio11s.-The examination ot 

the anatomy of timbers of the South-West Pacific area h as 
continued, particular attention being paid to members of 
the Burseraceae, Sapindaceae, and Sapotaceae. G eneric 
descriptions for the Burseraceae have been completed and 
the data assembled for publication. Much of the work 
on tbe generic description of the Sapindaceae has also been 
completed. Assistance has been given to the Forests 
Department and the C.S.l.R.0. resources survey team in 
New Guinea in the botanical classification of many 
species. The detailed study of the anatomy of eucalypt 
timbers has continued. 

(b) Jde11tifica1ioll a11d lde11tificalion Methods.-Some 
590 timber specimens were identified during the year for 
Government Departments and the trade. The revision of 
the curd sorting key for timbers of New Guinea and neigh· 
bouring islands has been completed and sets have been 
distributed. Of particular interest has been the identifi­
cation of fourteen specimens of Notlrofagus out of twenty 
specimens taken from drift logs on the east coast of 
Macquarie lsl::ind by the 1957 A.N.A.R.E. party stationed 
there. The structure of some of these specimens is similar 
to that of species of the genus growing in South America 
and it is suspected that the drift logs have come from 
South America. T he extractives from New Zealand red 
and silver beech (Notlrofagus fttsca and N. menziesii) have 
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been examined chromatographically. There are several 
distinctly different compounds in the extracts from the 
two species and there is no difficulty in identifying them 
from their extracts. Samples of other species of the 
genus arc being examined. 

(c) The Microscopy of Cold Soda Pulps.-Because ot 
the increased application of the cold soda process in Aus· 
tralia the structural changes which take place in tho 
wood and wood fibre during the process have been investi­
gated. Attention has been directed particularly to the 
location of failure and to the nature of the bonding sur­
faces avnilnble during sheet formation. Cold alkali soak­
ing caus;:s considerable swelling of the fibre walls but thi~ 
swelling is restrained externally by the heavily lignified 
outer regions. On mechanical disintegration of the alkali 
treated chips, failure occurs between the outer and middle 
layers of the secondary wall, which thus exposes the 
middle layer as the bonding surface when the fibres are 
felted together. This layer is relatively low in lignin con· 
tent nod consists mainly of cellulosic and non-cellulosic 
polysacchnrides so that the development of strong bonds 
between these surfaces can be understood. The cold sod:i 
p1occss is more applicable to hardwoods because the lignio 
content of the middle layer of tbe secondary wall is less 
than in softwoods. 

(d) Surface Growth in Plant Cells.-The multi-net 
mechanism of surface growth demonstrated for oat coleop· 
ciles is apparently also operative during the phase of sur· 
face growth in differentiating wood fibres. It has been 
observed that the cellulose micro.fibrils are oriented trans· 
versdy tu the longitudinal cell axis on the inner surface 
of the cell wall, but are dispersed from this orientation oo 
the outer surface where the final micro.fibril orientation 
at r.>aturity reflects the extent and polarity of the growth 
which has taken place. In both differentiating .fibres and 
oat colcoptiJe pareocbyma bundles of longitudinaJly 
oriented microfibrils have been observed at the cell corners. 
In coleoprile parcocbyma these were formerly regarded as 
secondary thickening, but their location on tbe outer 
surface of the cell wall indicates that, in fact, they are 
localized elaborations of the primary wall. The idea has 
been advanced that these ridges arise because, at the cell 
corners, the plasmodesmata are absent, so that the proces> 
of microfibril deposition and disorientation proceeds 
unimpeded by the plasmodesmata in the pit fields. At the 
conclusion of tbe phase of extension growth, development 
of a secondary wall, which has been detected by both 
optical and electron microscopy, takes place. This con­
sists of a helically wound system of microfibrils. 

(e) Assessment of Wood Quality.-The examination of 
wood, taken from pith to bark of thirteen standing elite 
trees of Pinus el/iottii by the Queensland Forestry Depart­
ment, has been completed. Preliminary results show a 
high degree of correlation (1 per cent. level) between fibre 
length and micellar angle and between basic density and 
percentage late wood; correlations (5 per cent. level) have 
also been observed between micellar angle and longitudinal 
shrinkage, and between basic density and longitudinal 
shrinkage. The incidence of compression wood has been 
checked in successive growth rings. In co-operation with 
the Forestry and Timber Bureau, Canberra, similar work 
is in hand for 30 elite trees of Pinus radiata. The speci­
mens were taken from bark to bark through the centre of 
each tree. 

(f) Wood and Bark Extractives.-In 1954 wo.rk in this 
Division showed that certain tannin extracts contained 
leucoanthocyaoins. It was suggested that these could be 
the precursors of taonias, and of certain heartwood poly­
phenols of some species. Recent results have amplified 
and confirmed this suggestion. The type of linkages en­
countered in comple" leucoaothocyanins bas been shown 
to be different from those of catechin polymers, and further 
that the linkages in different tannins are different. 

In order to gain fu rther information on the origin and 
precursors of heartwood polypheools, the distribution of 
shikimic aciu in eucalypt leaves of different sizes was deter­
mined. It was found to be present in greatest amounts in 
spring growth. Evidence indicates that polyphenols are 
synthenized i11 situ in the cambium, sapwood, and heart­
wood of cucalypts and are not translocated. 

Klinki pine frequently contains pink areas which turn 
green in the presence of certain varnishes or other materials 
containing hydrochloric acid. The colour reactions are 
specific to this species and are due to degraded ligoin. 

3. Wooo C HEMISTRY. 

(D ivision of Forest Products.) 
(a) Reaction Wood.-The ultraviolet absorption 

spectrum of tension wood lignin from immature trees 
has been found to resemble that of lign.in from the outer­
most zone of heartwood from mature trees of the same 
species. The difference spectra (alkali - neutral) which 
characterize the phenolic portions of the l igoins did not 
differ. The evidence indicates that the pecularities of ten­
sion wood lignin arc traceable to the non-phenolic portion. 

(b) Lignificatio11 in Eucalyptus regnans.-Sections 
from the zone of differentiation in the growing tree have 
been dissolved, and the ultraviolet absorption spectrum 
of the lignin determined. Variations in the spectra at 
different distances from the cambium have indicated a 
decreasing proportion of conjugated units in the lignin as 
the process of ligoification proceeds. 

(c) Acid Hydrolysis of Ce/lulose.-T he hydrolysis of 
eucalypt cellulose, in the fibrous form and in solution, has 
been investigated. The degree of polymerization was 
determined from viscosity measurements in cupricthylenc­
diaminc. Rate constants, energies of activation, and en­
tropies of activation have been evaluated for various stages 
of the reaction. From the influence of particle size and 
acid concentration, in addition to time and temperature, 
conclusions have been drawn as to the structures and 
mechanisms involved i11 fibre hydrolysis, among them that 
the concept of n sharp distinction between accessible and 
crystalline regions is inadmissible, and that diffusion and 
hydrogen bonding may influence the course of the reaction. 

(d) Tltermal Degradt1tio11 of Cellulose.-The initial 
stages of cellulose degradation are of practical interest in 
the drying and utilization of paper, wood, cotton, and 
rayon, in the weathering and aging of ccllulosic materials, 
and in the study of the combustion of trees, grass, dry 
wood, and cigarette papers. Solid-phase infra-red spectro­
scopy offers a convenient means ot' characterizing the 
complex residues resulting from the thermal degradation 
of cellulose and of exploring the chemical changes which, 
at temperatures below or on tbe threshold of charring, 
commonly lead to darkening and loss in strength in cellu­
lose fibres, papers, and yarns and in wood. At 250° C., the 
oxidative nature of the initial stages of thermal degradation 
in air is indicated by the development of carbonyl groups. 
The reaction quickly penetrates the crystalline regions as 
shown by complete destruction of the carbohydrate spec­
trum. A relative stable structure, in which carboxyl 
groups have largely replaced aldehyde groups, appears to 
develop after c. 12 hr. The decline in hydrocarbon and 
hydroxyl groups, the changes in composition and colour 
and the distribution of carbonyl bands are consistent with 
the development of non-aromatic but somewhat unsatur­
ated, cyclic structures. 

( e) Correlation of Constiftlents with Papermaking 
Properties.-Pulps have been prepared from E. regnans 
chlorite holocellulose by treatment with 0.2, LO, 3.0, 5.0, 
7.0, 10.0, and 20.0 per cent. sodium hydroxide at 20° C. 
Handsheets could not be formed from the untreated 
boloccllulose nor from the freed fibres after extraction 
with 0.2 per cent. sodium hydroxjde. However extraction 
with the higher concentration gave satisfactory' handsheets 
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with maximum strength properties after the treatment 
with 3.0 and 5.0 per cent. alkali. The strength properties 
declined rapidly as increasing strengths of alkali were 
used. Although the strength propenies did oot alter 
greatly over the range of 1-5 per cent. alkali extraction, 
the pulp yields decreased from 60 to 51 per cent. About 
60 per cent. o( this could be attributed to loss of xylan. 
The lignio contents of all alkali extracted samples remained 
the same. 

(f) Pulping of New Guinea Timbers.-Mecbanical and 
semi-chemical pulps bave been prepared from kJinki pine 
(Arai~caria klinkii) and several low-density light-coloured 
hardwoods. Good-quality puJps were obtained from 
Excoecaria agbllocha but the mechanical puJps from klinki 
pine were inferior to similar grades of pulp from radiata 
pine and spruce. i: ,~! 

(g) Faciors fof/11enci11g Paper Properties. -The 
influence of alkali treatment on the beating response and 
interfibre bonding capacity of wood and cotton fibres bas 
been studied. By including virtually pentosau-free 
materials in these experiments and by following the tran­
sition from the cellulose [ crystal form lo cellulose n by 
means of infra-red spectroscopy, it was possible to separate 
the contributions to beating and paper strength made by 
non-ceUulosic polysaccharides, by other alkali-soluble 
material, and by changes within the fibre such as residual 
swelling and swelUng capacity. On the basis of these 
results a reappraisal of the " hcmicellulosc theory " of 
paper strength has been attempted. 

(h) Measurement of D rainage Resis1ru1ce of Pulp and 
its lmp/ications.-An instrument has been built for auto­
matically recording drainage rate data, from which 
drainage resistance cun be evaluated. This apparatus is 
used in conjunction with a standard handsheet machlne. 
The ir. flueoce af vnrious factors, such as stock concentra­
tion. type of pulp, and degree of beating, on the drainage 
resistance, which is derived by applying the theory of 
filtration to an incompressible porous medium, has been 
determine& Attention has been given to the possibility of 
predicting drninnge bcbaviouc and drying requirements 
from furnish and freeness data. This necessitates the 
compilation in the laboratory o[ data relating these 
variables to both drainage resistance and eql!i!ibrium water 
retention. under suction, but, by arranging tbis ir: formation 
in the form or suitnble diagrams, indices related to practical 
requirements can be obtained from the rraditionaJ freeness 
measurements. 

(i) Flow of Pulp Suspensions i11 Relation to Beating 
and Stock Pumping.-Pine, eucalypt, and Araucaria pulps 
have been used in a study of the rheological bebaviour of 
fibre suspensions al various stages of beating in the Lampen 
mill and Valley beater. The ftow has been investigated 
in a rotational viscometer, :ind' the water retention under 
suction and fibre length has been measured on the same 
samples. Increases in hydration tend to increase the 
effective viscosity, while fibre shortening tends to decrease 
il so that the response to beating is determined by which 
vf these factors predomfoates. For eucalypt pulps the 
fibre shortening predominates, and for pine pulp the two 
effects almost balance. 

4. Tr.M))'BR PHYSICS. 

(Division of Foresr Products.) 

(a) Sorption Stttdies.-Tbe sorption isotherms and 
heats of wetting of tbe hemicelluloses from Eucalyptus 
regmms were determined. Their sorptive capacities were 
found to be considerably greater than those of any other 
constituents and their heats of wetting were also corre­
spondingly greater. From the sorption measurements of 
all the constituents, after allowing for probable changes 
during isolation, it was concluded that to a first approxima­
tion the sorplion of water by dry wood may be considered 
as the sum of the amounts sorted by its constituents. The 
swelling of the isolated lignin during sorption of water 
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vapour was also studied. It was found to be reproducible 
after several cycles, and it was estimated that, for methanol 
am! KJnson lignins over a range from 0.6 to 0.9 relative 
vapour pressure, a maximum of 60 and 80 per cent. 
respectively of the water being adsorbed entered the lignin 
structure. Outside this rang~ of vapour pressrne, the 
1raction of ndsorood water contributing to the swelling 
appeared to be smnilcr. 

During Uie year allcnlion has been given to the kinetics 
of sorpuon of water by wood. The i:inal equilibrium 
moisture content of wooer exposed to a given relative 
vapour prcssLJrc duri1lg adsorption has been found to 
be greater than a larger vapour pressure step is involved. 
Under the same conditions, the rate of approach 
to equilibrium is considerably greater when a large 
vapour pressure step is used, being greatest when 
the step starts from the dry state. The size of 
the step is not 1he only factor determining this rate, 
however, since, for approximately equal increments in 
vapour pressure, the rate of approach to equilibrium 
decreases sharply as higher vapour pressures are 
approached. Neither diffusion nor thermal effects are 
considered adequate to account for the observations and 
further studies arc beir.g made. 

(b) Rheological Studies.-Automatic equipment has 
been developed to study the effects of stress on rate of 
creep, of strain on rate of relaxation, and of me:::banicaJ 
conditioning on creep. The work bas included tests at 
stresses and strains between 50 and 85 per cent. of the 
ultimate values. In creep, the time to failure at stresses 
much above 85 per cent. is very short, and tes~ proved 
impracticable without modifyi;:g the equipment. 

Increase in creep rate with stress is small up to about 
65 per cent. of the ullimate vaJue, but at stresses between 
65 and 70 per cent. of ultimate strength, the rate begins 
lo increase many times more rapidly with increase in 
stress. Tbis is true even for loads of one hour or less in 
duration, but is much more marked when the loading is 
contint1cd for lo1:ger periods. It is the smallness of tbe 
effect of stress on creep rate at stresses below 65 per cent. 
of the ultimate strength that has made tbis effect so 
di!Ticult to detect previously, as the natural variability ot 
wood tended to mask it at the lower stresses previously 
used. 

Mechanical conditioning has been found to occur quite 
markedly in wood lll stresses above 65 per cent. of the 
ultimate value, but it is not yet clear to what extent it 
occurs at lower stresses. Mechanical conditioning reduces 
both the recoverable and irrecoverable parts of creep but 
neither part is entirely eliminated. However, as the 
recovery rate is much slower than the creep rate it is 
possible that a substantial increase in recovery may lake 
place in very much longer times than those of the experi­
ment and so reduce the estimate of remaining irrecoverable 
creep. Cyclic relaxation tests have shown that relaxation 
curves arc closely reproducible. 

(c) Electrical Resistance Moisture Meters.-An analysis 
of the results of species correction tests carried out on 
brush box (Tri.1•w11ia co11ferta) has revealed an unusually 
l:irge negative correction which increases at high moisture 
contents, and' a high variability. These factors place an 
upper limit of approximately 16 per cent. moisture content 
on delermloations obtained with a commercial electrical 
resistance moisture meter if a useful accuracy is to be 
obtained. 

A detailed study of the problems of sampling arising in 
the determination of species corrections for resistance type 
moisture meters has commenced with au investigation ot 
the moistrnc meter readings for radiata pine with respect 
to ring age. height in tree, tree age, and locality of growth . 

(d) lns1rumenta1io11.-Equipment designed and con­
structed includes: a ten-channel static and dyr.amic strain 
gauging unit, nutomatic testing machines for the determina­
tion of the rheological properties of wood, and a small 
special-purpose analogue computor. 



5. TIMBER MECHANICS. 

lDivision of Forest Products.) 
(a) Species Testing.-The testing of dry material from 

a number of timbers from the eastern States, including 90 
from Queensland, is nearing completion. 

A table of properties (or a large number of timbers 
imported mto Australia has been completed and a suitable 
text to accompany the table is in course of preparation. 

(b) Silviculwral Tests.-An examination has been made 
of the trend of compression strength from pith to bark 
in four logs of P:11us ca11ariensis and six logs of Victorian­
grown Douglas .fir. On six logs of Pinus radiata, the com­
pression s1rength of the full cross section of the tree, 
tested in log form, has been compared with the estimated 
strength based on the trend of compression strength from 
pith to bark as determined from small specimens. 

(c) Ti111ber E11gi11eeri11g.-(i) Structural Design.­
Compared with previous years more structural investiga­
tions were carried out. Various structural designs have 
been examineq, including trusses, purlins, floor and roof 
beams, and stressed skin wall panels. Some attention has 
been given to the design of trusses for farm buildings. A 
number of the structural units designed were subsequently 
fabricated and proof-tested. One investigation of particu­
la r interest involved the construction of a one-fortieth 
scale model of a projected music bowl. T he main struc­
ture of the bowl is a network of stressed cables, and tests 
were made on the model first to find the most desirable 
shape and then to determine its behaviour under simu­
lated wind loadings. Recommendations were made 
regarding the arrangement, securing, and jointing of tbe 
aluminium-faced plywood with which the bowl is to ~ 
sheathed. 

(ii) Corrnectors.__:rhe force required to embed 3 and 4 
inch al ligator connectors and 2t inch bulldog connectors 
in partially dried Douglas fir was measured, and tests were 
made on the completed joints to determine the separate 
contribution to the strength of each joint of the connector 
and tie bolt. 

(iii) Nails.- Lateral loading tests have been made on 
joints in grey ironbark, jarrah, yellow stringybark, mess­
mate stringybark, and radia ta pine. Using various inten­
sities of load, cyclic loading tests have been made on joints 
of both green and dry radiata pine. Some tests on the 
resistance to " popping " of annularly grooved nails used 
in fixing wallboard have been completed. Exploratory 
tests have been made on methods of fastening hardboard 
and plywood 10 timber with power-driven staples and 
various types of nail. 

(iv) G/ue.- The shear strength of joints made with 
hardboard glued to hardwood is being investigated. A 
few long-term loading tests to compare glued and nailed 
joints are also being carried out. 

(v) Columns.- Five additional columns were tested 
during the year. or the total of 360 which have been 
loaded, 283 have failed. It is clear that with columns 
loaded to 70 or 60 per cent. of the estimated short dur::i­
tion failure load, and either kept green or allowed to dry 
out, failure usually occurs within a few weeks to a few 
months. There is evidence of a species difference in 
time to fai lure, and the Douglas fir columns tended to 
last longer than the eucalypts. 

There arc insufficient data to define similar trends in 
the columns erected dry, but although only the 70 per 
cent. loading has been applied it is clear that the period 
before fa ilure is considerably longer than with green or 
drying specimens. 

(vi) Sca111/i11g.-The results of the work on 4 by 2 in. 
jarrah scan tlings have been published. In cooperation 
with the South Australi:m Woods and Forests Department, 
the distortion of radiata pine scantlings on drying is being 
studied. The results indicate tha t when dried in 2-inch 
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fl itches .and resawn into scanlling sizes, radiata pine shows 
less twist, bow, and spring, than when cut to size green 
from the saw and subsequently dried. Distortion 
decreased with distance from pith. 

. Bending ~ests have been made on 180 pieces of racliata 
p mc scanthngs to determine the influence of various 
defects in this timber. 

. (vii) Po!es.- Jarrah, yellow stringybark, and radiata 
pme poles ID the green condition were tested tooether with 
associated sma ll clear specimens. In addition,"tests have 
been made on messmate stringybark and yellow stringy­
bark pol.es, some of which were dcsappe<l, and all of which 
were dried and subsequently rewetted to simulate service 
conditions for the butt sections. The type of failure in 
1hc seasoned and rewelted poles appears to be different 
from that of the poles tested green. 

The stress distribution through a cross section of a pole 
under test has been examined and compared with the 
stress distribution of the same pole after turning in a 
lathe, o( a beam of octagonal section cut from the pole, 
and of a beam of square cross section. 

Preliminary tests have been carried out on radiata pine 
to study the effect on strength and stiffness, of steaming 
and of Boultonizing small clear green specimens, and also 
o( a standard creosote preservative treatment of small 
clear dry specimens. 

6. TIM BER P RESERVATION. 

(Division of Forest Products.) 

(a) Ge11eral.-In addition to much general advisory 
work, problems of the rapidly developing preservation 
industry have made heavy demands on senior staff. 
Assistance has been given in the design and costing of low 
prc~sure plants for treatment of fence posts, hop poles, 
and colliery timbers; standard plants for treatment of 
transmission poles, building timbers, etc.; and high pres­
sure plants for preservative oil treatment of eucalypt 
sleepers and crossarms. Two experimental plants to oper­
ate at pressures up to 1000 lb./sq. in. have also been 
designed Cor Asian countries under the Colombo Plan 
technical assistance scheme. 

(b) Field Tests.-Work has included inspection of 
existing tests and the treatment and installation of new 
material. Over 200 pole stubs, pressure treated with nine 
preservatives, have been despatched to north Queensland 
for installation in areas of high termite hazard. High 
piCSsurc treatment of approximately 700 rail sleepers for 
service tests in New South Wales and Queensland has 
commenced in Lhe Division's experimental cylinder. 
With these addi tions, the total number of sleepers in tests 
will exceed 12,000 in more than 30 localities in all States. 

(c) Fence Posts.-Chea p and simple methods for the 
preservative treatment of round fence posts, shed poles, 
&c., have been demonstrated to farmers at field days and 
a~ricultural shows. Treatment of green round posts by the 
simple sap replacement method has been investigated, 
including the effect of timber species, preservative salt, 
weather conditions. and the period between cutting and 
treatment. With cucalypt posts, high retentions and satis­
facto ry distrib~tion o~ toxic components in the sapwood 
I:avc been obamcd with copper-chrome-arsenic preserva­
~1ves. 

(ti) Factors Responsible for Durability of Heartwood. 
-·Study Of tox ic substances in durable timbers has COO· 

tinue.cl. with the Divi~ion o.f Entomology cooperating in 
tcnmte · t.ests. Tectoqu1none m the c~ncentration normaUy 
pres~nt m teak. has proved. non-toxic to wood-destroying 
fungi and term1t?S, though 111 th·c· latter case it is repclJent 
.und hence contributes 10 durability. Decay resistance of 
teak heartwood typically increases with distance from 
lhe pi th. but the number of non-durable growth rings 
varies widely between trees. 

-
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Further studies with tallowwood have shown that the 
ether extract is toxic to termites, but the higbly fungicidal 
methanol extract is not. which indicates that different 
compounds confer decay and termite resistance. 
Chromalographic separation of teak and tallowwood 
extractives is proceeding. 

(e) Diffusion Trealments.-Development of cheap dif­
fusion treatmenls l'or building and joinery limbers has 
continued. Patent application has been made for a range 
of borofluoride preservatives, with or without arsenic, 
suitable for dip treatment of green Limber in very concen· 
trated solutions, followed by block-stacking lo permit dif­
fusion of chemicals into tbe wood. In laboratory tests ot 
these preservatives, control of decay and termites h:is 
been equal or superior to that obtained by more costly 
pressur e treatment with a copper-chrome-arsenic preserva­
tive. Field tests ttre in progress to determine the extent 
of penetration necessary in building timbers to control 
termites. Semi-commercial lests at sawmi!Js using a non­
arsenical borofluoride in dip-diffusion trearment for con-
1rol of Lyc111s have given satisfactory results. 

(f) Mycology.-Work on tolerance of fungi to preser· 
vatives has continued with special reference to the toxicity 
of arsenic. A study is being made or strains of Poria 
vai/lamii which, under laboratory conditions, can decay 
wood with very high retentions of copper-chrome-arsenic 
preservatives. 

Reports describing the Division's collections of Col1ricit1, 
lnonotus, Fomes, and Fuscoporia have been prepared. A 
catalogue of hcrbarium material is ready for issue. 

Laboratory testing of natural decay resistance of euca· 
lypl timbers has continued with emph11sis on variarions 
within aod between trees of a species. 

(g ) High Pressure Treatment of Refractory Timbers.­
Treatment for service tests of eucalypt sleepers and cross­
arms at pressures up lo 1.000 lb./sq. in. has continued. 
Studies have been made of the treatability at high pressure 
of karri and brush box and also of timbers from lhe 
Philippjaes (red a nd white lauan ). i anganyika ( Brachy­
stegia sp. ), and Japan (beech heartwood) . Alternaling 
pressures tried on some species were invariably less satis· 
factory than steady application of pressures up to 1,000 
lb.lsq. in. 

7. TlMBER S EASONlN(i. 

(Division of Forest Products.) 

(a) Genera/.- Requesls from industry fo r technical 
assistance oa drying, plant planning, and handling prob­
lems remained heavy. Specia-1 attention was given to 
improving the quality of drying in predriers. 

(b) Collapse and Recovery.-A correlation between 
collapse susceptibility and wood maturity in mountain ash 
was established. Collapse in !he heartwood of head log 
material was onJy about half that in bull material. That 
in sapwood was not more than one-third that in the 
<:1djacent heartwood throughout log lengths. Significant 
sapwood collapse appeared ro be confined to butt log 
material. Reconditioning greatly diminished but did not 
remove thes.e difl'crences. 

A ()-hr. steaming of green mountain ash t.educed air­
and kiln-drying limes by approximately 25 per cent. with­
out impairing colour or size after reconditioning. Steam· 
ihg periods of 12-48 br. further reduced drying times, 
markedly increased coUapse and collapse permanence, but 
darkened colour. A second delayed reconditioning proved 
of great value in removing collapse in mountain ash caused 
by reconditioning at too high a moisture content. 

PJetreatment with 12 per cent. sodium chloride and 0.01 
per cent. h}'drochloric acid reduced gross shrinkage in 
fsraeli-~rown immature river red gum by 17 per cent. and 
8 per cent. o f green wood volume. respectively but steam 
reconditioning proved more effective Lhan either of the 

chemical treatments in removing collapse. 1t was con­
cluded that sodium chloride actec.I as both an anti-shrink 
agent and a collapse inhibitor. 

(c) £q11ilibri11m Mois111re Co11te11 1.-The study of the 
correlation between worn.I equilibrium moisture content 
(e.m.c.) and weather conditions was extended to include 
the influence of th ickness and species variations, and the 
mcn$urerncnt of seasonal e.m.c. variations in outdoor 
timber strucwrcs was continued. Mountain ash and radiata 
pine exposed in outdoor sheltered positions in Amarct:ica 
showed a L0-14 per cent. moisture content range, but 
remained constant at 4 per cen1. in warmed personnel 
shelters. 

(d) Drying Studies.-Drying under superheated steam 
conditions markedly reduced twist i11 radiata pine weighted 
with the equivalent of 140 lb./sq. fl. 'T'enderizing fUrther 
reduced this fault. Twist was reduced by steaming, and 
the improved condition was generally retained during 
storage. Pith-containing material twisted consistently in 
the one direction but sapwood about equally in both direc­
tions. Plantation-grown ponderosn pine case stock was 
seasoned without difficulty, provided material nearer than 
2 in. to the pith was excluded. 

Studies on the prevention of end checking in logs and 
poles were continued. The best of the coatings tried, viz. a 
self-hardening petroleum jelly, a mixture of tills and a 
bard wax, and a bitumioous emulsion, proved particularly 
good over an effective life of cwelve months. Minimum 
air- and kiln-drying times, and the most satisfactory ot 
other accel.erated methods for tbe seasoning of poles and 
sleepers to moisture contents suirnble for preservative 
trealments. were determined. The chemical seasoning of 
joinery qunlity 5 by 3 in. mountain ash proved highly 
successful. Kiln schedules for satin box. aglaia, Japanese 
beech, taun. hickory, and Vanikoro kauri were invesli· 
gated. 

(e) Ki/11 Dl!sig11 n11d Eq11ip111e11t.-Seasoning plant lay­
outs and designs for sawn Limber and veneer kilns, labora· 
tory kilns, reconditioners, special driers, ant;! kiln band· 
ling equipment were prepared for 58 firms or research 
institutes in Australia, New Guinea, South Africa, Southern 
Rhodesia. India, the United States of America, Spain, 
Ecuador, and Cl1ile. Designs for McCasbney wood waste 
units were prepared for 44 firms in Australia, Southern 
Rhodesia, and South Africa. 

Air circulntion and general efficiency tests on kilns and 
prec.Jriers were made for eight firms. Assessments of the 
relative merits and economics of electrical heating and 
steam heating using solid-fuel, oil-fired. and eleccricaJly 
heated boilers were prepared. The size range of tho 
screened veneer drier was extended. Design data for two 
furnace gas ki lns were prepared. A bituminous emulsion 
proved the most effective of eighl preparations tested in 
resisting breakdown of concrete reconditioning chamber 
surfaces. 

8. PLYWOOD l NVESTtGATIONS. 

(Division of Forest Products.) 

(a) Peeling St11dies.-Laboratory investigations were 
carried oul on karri, alpine ash, Vanikoro kauri, radiata, 
cryptocarya,, red silkwood, and ramin. The effect of log 
heating was studied in karri and red silkwood where tem­
pcrn.ture sensitivity was observed. On the laboratory lathe 
the effect or bevel a ngle was examined, and also the dele­
terious effects or back bevelling for edge reinforcement. 
Work oo the widths of microbevels which can be tolerated 
in various species was also initiated. ln the assessment of 
peeling qunlity, transverse tensile strengths of veneer were 
compared with peeler check penetration methods. 

A modified approach lo peeling studies has been adopted 
on the laboratory lathe with a mulliplc knife tcchoique. 
which anows a number of peeling variables to be studied 
more accurately with better matching in limited material. 
Lathe work in Lhc field has resulted in the wide adoption 
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of lathe gauges for setting up, and of permanent nose-bar 
stations, following demonstrations of laboratory developed 
portable equipment. 

(b) Veneei- Drying.-The absence of a laboratory 
veneer drier restricted species studies, but in visits to 
plants recommendations were made for improvements to 
commercial units of various types, and special attention 
was paid to commercial roller and mesh belt driers in 
order to improve dried quality. In a commercial cross­
circulation roller drier without air reversal, it was found 
difficult to avoid moisture differences of Jess than 4 per 
cent. across the unit at average moisture contents of 10 
per cent. Drying problems in screened units included 
studies of a number of New Guinea species. A practical 
method of end moisture content prediction was established 
on mechanical driers not using radiant heating. This 
method based on temperature difference is also of value 
for final moisture content determination in compartment 
units. 

The dangers of surface measurements of moisture 
content of thick veneers immediately after drying, with 
the use of electrical and hygrometric methods, were con­
firmed. Serious errors were observed in low-penetration 
capacity types and also with surface hygrometers. 

(c) Gluing Research.- (i) Tannin-formaldehyde.­
Wattle tannin re.quired substantially Jess fortifying resin 
to produce a satisfactory bond than the mangrove tannin 
extracts previously examined. The defect of long setting 
time of phenolic fortifying resins was overcome by using 
phenol-resorcinol-formaldehyde co-polymers. Excessive 
penetration of veneers, a fault common with tannin 
adhesives, was also very largely overcome on a laboratory 
scale by a pretreatment with formaldehyde and also by use 
of a suitable filler. 

A survey of gluing properties of various wood species 
was commenced and a commercial test was carried out 
with karri veneer, which, although not completely satis­
factory, was very promising. Effects of post-press curing 
of tannin adhesives were examined, and results were 
favourable. 

(ii) General.-The effects on silky oak of several 
variables with the use of long assembly adhesives were 
studied. The value of heavy glue spreads and the 
importance of a rela tively high moisture content for best 
results were indicated. 

Studies of methods of inducing gluing case hardening 
were continued, and coacbwood showed extreme sensitivity 
at 145° C. 

(d) Other /nvestigatio11s.-The temperature distribution 
in both steam and liquid heated presses was investigated 
and advice given on temperature problems and control 
techniques. 

The gluing of a number of commercial veneer species 
which had been treated by instantaneous dip methods to 
suitable loadings with water soluble preservatives was 
investigated. Results showed distinct individual species 
reactions to various preservatives and glues. In some 
cases, results for both wet and dry tests were completely 
satisfactory, whereas in other cases specification require­
ments could not be met. A number of glue line additives 
were tested and arsenic trioxide generally gave satisfactory 
adhesion. 

Studies of veneers immunized against Lyctus with boron 
were made to evaluate the variables of moisture content, 
pressing time, and a number of other factors on wet 
string. Results showed relatively low sensitivity to 
moisture content but a high sensitivity to curing time. 

9. UTILIZAT ION. 

(Division o.f Forest Products.) 

(a) Timber Uses.- Jnformation was supplied on the 
suitability of timbers from 178 uses, and advice given on 
the properties and uses of 160 species. 

(b) Manufacturing Processes.- The division providect 
assistance and information to sawmills designed for sawing 
general-purpose hardwoods and small hardwoods, pines, 
furniture woods, mining timbers, eucalypts in Hawaii, and 
tropical woods in the Philippines. Layouts were prepared 
for several moulding plants, a finger-jointing plant, a 
cabinet manufactu1ing plant, a joinery factory, and timber 
distributors' yards. The capabilities of a wide range of 
equipment available in Australia or obtainable from abroad 
were reviewed. Breaking-down procedures studied at 
hardwood sawmills disclosed the possibility of attaining a 
better work balance between breaking-down and the 
subsequent sawing on breast benches. Sawmilling tech­
niques abroad and in Australia were compared to indicate 
benefits that may follow the adoption' of overseas 
headsawing practices. 

(c) Sawing.-Two sawmill studies to determine the 
effect of the speed of circular saws on power consumption, 
saw stability, and saw durability were conducted. When 
the rim speed was reduced from 10,000 to 7000 ft./min . 
the improvement was outstanding. 

Observations of the wear of lacquer on saw teeth, with 
particular application to a study of clearance angle, were 
continued. An idealized tooth shape without top bevel 
was adopted, and a measuring microscope used to deter­
mine the amount of wear. For a 3-in. depth of cut and 
feed speeds up to 250 ft./min. a clearance angle of 6° 
was shown to be the minimum allowable. More clearance 
seems necessary for 12-in. depths of cut. 

The pendulum dynamometer for studying the action of 
a single saw tooth has been further modified in efforts to 
measure forces in all three directions. 

A chain saw of advanced type was obtained from over­
seas, and testing of its performance under Australian 
conditions has commenced. 

(d) Waste Utilization.-ln an investigation of sawdust 
as a soil improver, a further sampling of incubated sawdust 
soil mixtures after 616 days showed that 41-48 per cent. 
of the nitrogen which was taken up earlier had been 
released again as nitrate. Deleterious effects of fresh 
radiata pine and eucalypt sawdusts on the development of 
commercial vegetable seedlings appeared to be due to 
phenolic subslances. These effects were avoided by sol­
vent extraction of the sawdust, or more simply by addition 
of lime followed by leaching with water, a process easily 
applied in practice. 

The utilization of sawdust and shavings was encouraocd 
by pr~viding information on fuel value, briquetting, ma~u­
facturmg of charcoal and supplementary stock foods and 
particle-resin mixtures for the manufacture of b~ards. 
Short:length residues were tried for finger jointing, and 
expcnments undertaken to determine the efficacy of various 
profiles, types of glue, and end pressures during assembly 
on the strength of joints in seven different timbers. 

XV. BUILDING. 

1. GENERAL. 

It is only in ~omparatively recent times that the methods 
of scientific investigation have been applied to the develop­
ment and improvement of both domestic and industrial 
building structures. 

The building research work of the Organization is under­
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. 
The primary responsibility of the Division of Building 
Research is long-term research. Jn practice, the major 
part of the Division's activities is devoted to research on 
materials, but work is also being undertaken on archi­
tectural acoustics and and the thermal characteristics of 
buildings. 



Work on timber for constructional purposes is concen­
t rated in the Division of Forest Products (see Chapter 
XlV .). Work on building foundations is undertaken by 
the D ivision of Soils (see Chapter 11., Section 7), and work 
on cement and ceramics by the Division of Industrial 
Chem istry (see Chapter XVII., Section 3). 

Division of Building Research.-The year has seen 
further increases in the steadily growing co-operative 
research programmes undertaken by the D ivision in con­
junction with various industrial establishments. 

A n ew co-operative investigation has been initiated on 
the use of ordinary householcI hot-water heaters, tired by 
brown coal briquettes, for space heating as well as water 
heaiing in lower- and medium-price houses. The State 
Electricity Commission of Victoria is contributing £2,000 
and seconding an olliccr co the Division for two years to 
assist with this projec t. 

Good progress has been made in the co-operative project 
tiaanciaUy supported by the paint manufacturers in New 
South Wales and Victoria (sec Section JO of this Chapter.) 

The co-operative research on fibrous plaster being 
financially supported by the Associated Fibrous Plaster 
Manufacturers of Australia is also continuing. 

The building industry is becoming increasingly aware 
of the value of research. At a " Round Table on Waste 
in the Building and Construction Industry " convened by 
the Australian Institute of Builders. a resolution was 
adopted that "finance for basic research_ as well 3:> ~or 
research into the application and quality of buildmg 
materials should be made available by industry ". 
Members of the Australian Chy Products Association 
attending their annual conference also visited the Divisi?n 
during the year. Special effort is being devoted to mam­
tainir.g this liaison with industry. 

Officers of the Division delivered extension lectures at 
the Universities of Sydney and Melbourne and at the 
Royal Melbourne Technical College. Lectures_ wer~ also 
given to students of architecture at the Umvemty of 
Melbourne. 

2. ARCHITECTURAL A COUSTICS. 

(Division of Building Research.) 

Investigation has continued1 on the acoustical character­
istics of auditoria. From this investigation it now appears 
that the acoustical preferences of the individual members 
of audiences range quite widely, and that, unless the 
acoustical deficiencies of a hall are extremely bad, the 
ordinary listener is completely unaware of them. Listening 
tests with speech and music having artificial echoes and 
with recordings from different halls have been made. and 
these give a similar picture of broad toler~nce . In. parallel 
with this work listening tests have continued with elec­
tronically produced sounds and artificial echoes. A 
hypothesis bas been developed which explains nearly ~II 
of the observations of such listening tests made both m 
Austra lia and overseas. 

The study of sound transmission along acous~c ducts 
with discontinuities such as bends and changes m cross 
section, has contin~ed with work on plates with orifices 
and continuous porous membranes across the duct. T he 
reflection and transmission characteristics of these types of 
discontinuity have been measured and theoretical studi~s 
made of combinations of them. The basic purpose of this 
stndy is that. as many commercial absorbents ~re co_mbina­
tions of a number of these types of structure m series. the 
dcsicn of r.cw absorbents would be facilitated if this basic 
kno~;vledge were available. 

3. BITUMINOUS MATERIALS. 

(Division of Building Research.) 

The effects of the mate rials used and of the des ign ot 
bituminous fl at roof membranes on their performance b~ve 
been examined both in the laboratory and by. field tna~s 
in which experimental membranes have been laid and their 
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performances observed. These trials have yielded' useful 
comparisor.s o( various roofing systems and the data 
obtained are being analysed. 

(a) Standard Specifications for Roofing Felts.-Tbe 
Division is represented on the Committee of the Standards 
Association of Australia that is engaged in drawing up 
standard specifications for composition and performance 
of bituminous roofing felts. Draft specifications for 
saturated and coated organic fibre fells have been issued 
for comment. 

(b) Shrinkage of Roofing Felts. - Considerable 
shrinkage of paper-based roofing felts can occur in service, 
and it is bclievecF that this is associated with changes in 
moisture content and the large variation in viscosity of tile 
bitumen adhesive with changes in temperature. 

Raw, saturated, and coated felts were exposed to the 
weather, and it was observed that the presence of the 
saturating bitumen had little effect on the movement 
measured, which was of the same order as that of the raw 
felt. However, it was found that felts laid loose moved 
much less than those fixed with bitumen. The movement 
of asbestos fe lts was considerably less than that of paper 
felts, but was greater than that of glass fibre felts. 

(c) Glass-fibre Base Bituminous Roll Roofing.- Glass­
fibre tissues used as a base for roll roofing cannot be 
saturated in the same way as organic fi bre or asbestos felt 
owing to the very open construction of the tissue, hence 
only a blown or coating bitumen is used in its manufacture. 

F or a full-sc<i le trial a three-layer membrane of a number 
of commercially available glass fibre roofings was installed' 
on a strawboard roof deck. The various glass fibre roofings 
are being compared with one another and with a saturated 
asbestos felt section incorporated in the membrane. In 
the same trial the relative merits of three different methods 
of a ttachment of the first layer of the membrane to the 
deck arc being compared. 

(d ) Addition of Fillers to Bituminous Coatings on 
Roofing Felts.- Thc merits of using bituminous coatings 
containing inorganic fillers are being examined from the 
point of view of mechanical stability, durability, and water 
penetration. Overseas research shows that the filler 
improves the mechanical stability of the coating and that 
filled coatings exposed at a considerable angle to the 
horizontal are more durable than unfilled coatings of 
bitumen alone. 

4. CLAYS AND CLAY PRODUCTS. 

(Division of Building Research.) 

(a ) Regional Studies of Australian Clays.- Up to the 
present studies of clays from Brisbane, Sydney, Perth, 
Tasmania. and central and western Victoria have been 
completed, and that of clays from Melbourne and adjacent 
areas has been begun. 

Progress has been made in the study of the clays of the 
Melbourne and adjacent areas. The mineralogical study 
of the roofing tile clays is nearing completion, and most 
of the d ifferential thermal and particle size analyses of all 
clays of the area have been made. 

(b) Expansion of Clay Products.-The work on the 
expansion of bricks 2nd roofing tiles when exposed to water 
has been exte1:dcd to other types of clay product and' to 
the whole of the Australian clay products industry also. 

From the expansion of individual bricks and experi­
mental brick walls the extent to which brickwork may be 
expected to expand in practice has been calculated for the 
various types and varieties of brick examined. The reasons 
for expansion <1ml ways of overcoming it within the bricks 
themselves arc being investigated. 

(c) Durability of Clay Roofing Tiles.-The study ot 
the deterioration of c lay roofing tiles, of particular signifi­
cance alon!! Australian sea fron ts, has been continued. A 
study of the efTectiveness of a modification in the design 
of the present Marseilles-type ti le in reducing deterioration 
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by salt solutions has been started. Results obtained after 
exposing the tiles to the salt solutions for a period of one 
month on an experimental roof show that the modified tile 
undergoes significantly less deterioration than the unmodi­
fied one. 

(d) Industrial Potentialities of Clay Materials.-During 
the year 40 clays and shales from various parts of 
Australia, New Guinea, and Fiji have b~en received for 
investigation. Pilot plant and laboratory studies have been 
completed on most of them, and recommendations made 
concerning their suitability for bricks, tiles, pipes, &c. 

(e) Plant and Eq11ipme11t.-Research has continued to 
assist in improving designs of kilns employing both coal 
and oil firing. Over the past year the Division has given 
much consideration to improving the extrusion of clay 
columr.s for various types of product by avoiding the 
necessi ty for lubrication and eliminating lamination in the 
extruded body. A patent has been applied for a special 
type of rubber sheet developed by the Division for lining 
extrusion dies, which permits extrusion without lubricating 
with oil or water. 

5. CONCRETE INVESTIGATIONS. 

(Division of Building Research.) 

(a) Theory of R11pt11re of Concrete.-In the past the 
stresses and strains which actually cause cracking of con­
crete ur.der combined short-term loads have been studied, 
and a criterion of failure has been established which has 
received qualitative confirmation by more recent overseas 
work. Subsequent studies have sought to deterrnin~ 

whether prolonged loading modifies the criterion of failure 
previously established. Tests of plain concrete beams 
loaded for two years have shown no sign of any modificd­
tion of the conditions governing failure, and there has 
been no indication that the ultimate strength is reduced 
by prolonged loading. 

( b) Prehardening Cracks in Concrete.-Prehardeoing 
cracks, also known v:iriously as " presetting" or " plastic" 
cracks, usually form within an hour or so of pouring but 
may not be easily visible unless the concrete is subse­
quently exposed to fairly rapid drying. It has r.ow been 
established that the cause of these cracks is differential 
rates of settlement ot the components of the concrete 
when they settle over some obstacle such as reinforcement 
or a large piece of aggregate. 

( c) Revibration of Concrete.-Tests of the effect of 
revibration or delayed' vibration of concrete were begun 
as part of the study of prebardening cracks, as a possible 
method of elimiuatiug such cracks. Fluid concretes, for 
which immediate vibration produces no increase in strength 
and may encourage segregation, show gains in strength of 
one-sixth to one-fifth if the vibration is delayed until 
initial set. 

(d) Calcium Silicate Hydrate.-Altbough calcium sili· 
cate hydrate is not yet being produced commercially on 
any large ~cale in Australia it is in many ways an attractive 
form of lightweight cor.crete for the production of precast 
units. Extensive studies have been made of the influence 
of autoclaving temperatures and times and moulding 
pressure on the properties of this material at different 
densities. 

6. GLASS AND GLAZING. 

(Division of Building Research.) 

(a) Cmcking of Glass.-The cracking of coloured glass 
sheets installed in non-window areas of curtain waUs is 
caused mainly by shading of the edges from direct sunlight 
by the beads a11d glazing compound holding the glass in 
place. Laboratory determinations of the temperature 
difference necessary to crack strips of glass show that 
glass that has been heat toughened has a strength far in 
excess of any of the others tested, and such treatment is 
obviously the safest way of avoiding cracking. 

To determi r.e quantitatively the thermal gradients that 
occur in service, temperature measurements were made 
on glass of various colours in simulated spancfrel panels. 
It was concluded from these that there is little risk of 
cracking of light-coloured glasses because of thermal 
gradients at the edge, but that the risk increases consider­
ably for less refl·~ctivc colours. 

(b) Glazing Compoimds.-Following exploratory tests 
on suitable methods of test for evaluating the relative 
performance of non-hardening glazing compounds, a shear 
test ar.d a tensile test were adopted for further investiga­
tion. The materials tested included those based on thiokol, 
polybutene, a.tel vegetable oil vehicles. The thiokol 
materials have so for given outstanding performance except 
where glass-thiokol interfaces were exposed directly to 
the sun. 

7. GYPSUM PLASTER INVESTIGATIONS. 

(Division of Building Research.) 

Jnvestigations are being made into the fundamental 
physical chemistry of calcium sulphate hemihydrate 
lgypsum plaster) as well as more immediately applied prob­
lems such as the mechanical properties of plaster for use in 
load-bearing · walls and problems associated with the 
manufacture and decoration of fibrous plaster sheets. 

(a) Plzys£ca/ Chemistry of P/aster.-Tbe work on the 
physical chemistry of plaster is continuing in the direction 
of a study of the relationship between the physical pro­
perties of plaster and its mierostructure, the vapour pres­
sure relationship between the various forms of calcium 
sulphate, and the mechanism of setting. 

Work has been commenced on a study of the effect 
of variations in calcination conditions on the properties of 
the finished plaster. 

Work on the absorption of atmospheric moisture by 
plaster, which is important in determining safe storage 
conditions, has shown that at relative humidities up to 76 
per cent., plaster is not hydrated (set) by the water vapour 
of the atmosphere, i.e. plaster can be safely stored at such 
humidities. At higher humidities slow hydration takes 
place, e.g. at 85 per cent. relative humidity approximately 
20 per cent. of a plaster sample was hydrated to gypsum 
in twelve months. 

(b) Pilot Plant.- Chemical engineering studies of the 
manufacture of plaster from gypsum have already resulted 
in new improved designs for several items of plant for 
which patent applications have been lodged or are pending. 

(c) Structural Gypsum P/aster.-Sioce 1945 there has 
been a unique development in Australia in the use of large 
precast units of gypsum plaster for the load-bearing walls 
of veneer-type houses. Studies have been made of the 
factors which affect the strengths of the cast gypsum and 
of the deformation of the material under long-term load. 

(d) Fibrous Plaster lnvestigations.-Co-operative inves­
tigations being undertaken for the Associated Fibrous 
Plaster Manufacturers of Australia have continued. 

An examination is being made of problems associated 
with improving the appearance of plain flush-jointed walls 
and ceilings. Glancing light can cause unwanted irregu­
lar shadows that destroy the impression of flatness of the 
surface. Research has been concentrated on obtaining 
pictorial evidence of the effect of glancing light on the 
appearance of ftat surfaces of set plaster, fibrous plaster, 
gypsum board, and hardboard. 

8. lJOHTWEIGHT AGGREGATES. 

(Division of Building Research.) 

There is a pronounced world-wide trend to lighter 
building construction, and one of the most promising ways 
of achieving this is by the use of lightweight aggregates 
in concrete and plaster for structural and fireproofing 
purposes. Research on the production and properties of 
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these lightweight aggregates has been continued, notably on 
bloated clay and shale for concrete am.I on perlite for botb 
concrete and plaster. 

(a) Pcrlite.-Perlite is an ultralightweigbt aggregate 
made i'rom volcanic glasses by rapitlly heating small par­
ticles of the ground ore lo temperatures of 900-1 , l 00° C. 
A survey has been made o[ the perlite resources of Aus­
tralia and these have been studied in some detail. Much 
testing has been carried out for established and prospective 
manufacturers of perlite. Experimental studies of the 
mechanical and physical properties of perlite plaster and 
concrete have largely been completetl, and only the long­
term studies of the effect of the expansion of perlite plaster 
are still continuing. The most recent experimental work 
has confirmed tbat this long-term expansion, which was 
first discoveret.I by the Division some years ago, will not 
cause any structural damage or deformation in normal 
buildings. 

(b) Expanded or Bloated Clays and Slwles.-The work 
of the Division in the fielu of expanded clay and shale 
aggregate during the past year has been mainly on testing 
of raw ma1erials and advising on the selling up of com­
mercial plant. A new oil-fired rotary kiln has now been 
in almost continuous use since its installation, just on 
twelve months ago. testing clays and shales from Sydney, 
Melbourne, Hobart, and Adelaide for intending producers. 

In the absence of a commercial supply o f the material 
no large project on concrete incorporating these medium­
weigbt aggregates has been possible, but some interesting 
.::xploratory tests on bond strength and rain penet:raLion 
have been done with aggregate produced in the pilot kiln. 

9 . LIME AND LIMB PRODUCTS. 

(Division of Building Research.) 

With the completion of the studies on the correction 
of unsoundness in magnesium limes formal research studies 
on lime have been discontinued until such (ime as the 
demand for further work arises. The survey of the lime 
industry anti its resources is being continued as opportunity 
permits, and advice and assistance to manufacturers and 
tbose interested in lime and its products are still given upon 
request. 

{ 0. PA1NT ON PLASTER lNVEST!G/\TIONS. 

(Division of Building Research.) 

With the <lssistance of the Austral ian paint industry wo:-k 
is now in progress on the problems of the decoration of 
plaster surfaces in geueral. 'I'he problem first studied was 
"sulphide staining". It has been determined that this 
defect is caused by lead in the paint interacting wit)1 hydro­
gen sulphide in the atmosphere. To prevent danger of 
staining the amount of lead in the paint must be kept below 
0.004 per cent. 

Laboratory experiments show that a solution of 7 per 
cent. of the disodium salt of ethylene diamine tetraacetic 
acid in 10 volume hydrogen peroxide gives more lasting 
results in removing existing stains than does hydrogen 
peroxide alone, but the treatment is effective only if the 
paint film contains less than 0.5 per cent. lead. 

J l. THERMAL lNVESTIGATfONS. 

(Division of Building Research .) 

The mathematical treatment evolved by the Division 
for calculating temperatures inside buildings exposed to 
variable external condirions has been subjected to verifica­
tion by a lar ge-scaJe test using two bui ldings which are 
stylized copies of houses, one being of conventional timber 
construction with tiled roof nnd suspended timber floor 
and the other a timber house of "Solar" design having a 
north. facing glass wall. flat roof, and concrete floor on 

the ground. The general agreement between the calcu­
lated and observed temperatures was found to be very 
good, generally far better than might be expected when the 
likely inaccuracies in the assumed thermal properties are 
considered. 

The calculation technique was useful also in studyfag 
the probable temperature distributions in a new arch dam 
al present being designed by the Commonwealth Depart­
ment of Works for the Colter River, Australian Capital 
Territory. 

XVL WOOL TEXTlLES. 
1. GENERAL. 

With wool halt.ling such a prominent position io Aus­
tralia's economy, it is approp1iale that the Organi.zation 
should be paying special attention to the problems of the 
wool industry, particularly in their relation to 1he increas­
ing competition represented by the synthetic textile fibre~. 

The major aims of the Organization's wool textile 
research are: (i) to increase the knowledge and under­
standing of the complex structure of the wool fibre and 
its physical and chemical properties; (ii) to use this know­
ledge to improve wool as a textile fibre, to improve tech­
nology in wool processing, and to utilize by-products more 
fully; (iii) to improve machinery used in wool textile manu­
factur~. Tn these ways it is hoped to preserve wool's 
unique position amongst the world's textile fibres . 

This work is complementary to the research in sheep 
husbandry described in Chapters V. , VI., and VU., which 
is aimed at increasing the quality and production of wool 
at the pastoral stage. 

The Organization's wool textile research is distributed 
among three Wool Textile Research L aboratories, as 
follows: 

(i) The l'vfelbourne Laboratory at P arkville is respon­
sible for research on the structure and chemis­
try of wool and on some related wool 
processes. 

(ii) The Geelong Laboratory at Belmont is primarily 
responsible for technological investigations. 

(iij) T he Sydney Laboratory at Ryde carries out re­
- search on the physics of wool and on the 

physical and engineering aspects of wool 
processing. 

The overall policy of these L aboratories and the co­
ordination of wool textile research is the responsibility 
of the Wool Textile Research Committee. This Com­
mittee is comprised of the Officers-in-Charge of the tbree 
Laboratories, and it constantly reviews research pro· 
grammes to ensure that for each project the best use is 
made of available personnel and facilities. It also 
arranges if necessary for joint study on a project at two 
or all three of the Laboratories. The work of the Wool 
Textile Research Laboratories is described in this 
Chapter, 

The Division of Industrial Chemistry has continued a 
study of the constituents of wool wax and possible ways 
of utilizing tbe.m or their derivatives (see Section 4 of this 
Chapler). 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 the diges­
tive -processes of wool-eating insects and larvae (see 
Chapter IX., Section 2 (a)). 

Wool Textile Research Laboratories.-The projects pur­
sued in the Wool Textile Research L aboratories during 
the past year are essentially the same as those studied pre­
viously. 

A record quantity of SI-RO-MARK branding fluid ha5 
been marketed by the 27 firms which are now authorized 
to use the certification mark, and although unsatisfactory 
fluids are sti ll used by some growers and in sale yards, the 
problem of non-scourable brands in wool has been largely 
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overcome. The solvent degreasin g process is now being 
usetl commercially and the process is being investigated 
further on a pilot-plant scnle. Research is in progress oo 
an alternative process to worsted carding and an auto­
control unit for use on the Noble comb bas been 
developed. T he use of the Sl-RO-MOTH 'D proces~ 

involving dicldrin for mothproofing bas extended to the 
United States of America, the United Kingdom, ancl 
Japan. A major advance during the year has been the 
development of the SI-RO-SET process for the durable 
creasing of trousers or pleating of skirts. Investigations 
on hospital blankets have been extended and studies on the 
oull'ition of the footrot organism are continuing in associa­
tion with an officer of the Division of Animal Health and 
Production in Sydney. 

T he Officer-in-charge of the Melbourne Laboratory 
was appointed to represent the Organization on the newly 
formed Australian Wool T esting Authority. The 
Authority will be accommodated adjacent to the Mel­
bourne Laboratory. This arrangement will enable close 
liaison to be maintained with the Wool Textile Research 
Laboratories. Technicnl information on the properties 
of wool will be drawn on freely by the Authority to assist 
in developing re liable testing methods. T he Authority in 
turn will be able to provide the C.S.l.R.O. Laboratories 
with information on particular samples of wool to assist 
with the research work. 

The Officer-in-charge of the Geelong Laboratory par­
ticipated in a conference in London organized by the 
Interna tional Wool Secretariat at which the development 
of " easy care garments from wool " was the main theme 
for discussion. During this visit several papers were pre­
sented on behalf of the Laboratories at the International 
Wool Textile Wool Organization Technical Comminee 
Meeting in Paris. 

2. RAW WooL. 

(Wool Textile Research Laboratories.) 

(a) Sampling of Wool.-For estimating the yield or 
clean fibre in greasy wool, or moisture in scoured and 
carbonized wools, samples nre conveniently taken from 
the bales by means of a core borer. Jn this method; a 
metal tube, titted with a cutting tip, is attached to an 
electric drill and driven into the bale. The wool sample 
is recovered from the tube. An improved sampling device 
has now been developed, termed a " pressure corer " , 
which is pushed into the bale by hand without mechanical 
rotation. It is cheaper than the core borer, and simpler 
and more convenient to use, since it dispenses with the 
elecuic drill and allows the wool sample to be pushed 
through Lhc tube into a plastic bag attached to the end of 
the tube. Special attention has been paid to the design 
and sharpening of the tip. 

(b) Branding Fluids.-It is estimated that SI-RO· 
MARK branding flu id has been used on about 90 per cent. 
of the branded sheep in Australia. The 118,000 gallons 
produced during the past year included 46 per cent. blue. 
38 per cent. red, and 16 per cent. green fluid. The possi­
bility is being explored of introducing purple as a fourth 
colour into the range of available fluids. Black is 
not included in the range owing to the risk of confusion 
with the unscourable tar brands. 

(c) Solvent Degreasfng.-The solvent degreasing pro­
ces<: is now being operated commercially in Australia in 
one plant on a three-shift basis, and construction of a 
plant in the United K ingdom is about to commence. 

Pilot-plant trials indicate that woven nylon mesh may 
have a longer life than wire mesh as a conveyor and that 
fewer jets operating at an increased pressure may be sat is­
factory. If adopted, this arrangement would allow th~ 

plant to be shortened. The solvent degreasing proces~ 
has been shown to improve the tear, produce Jess nep, and, 
in some instances, to yield top of longer mean fibre length 
than soap-soda scouring. 

(d) Burr ill Woo/.-The Laboratory's discovery of the 
protective effect on wool of adding non-ionic detergent 
to the sulphuric acid bath used in carbonizing is now 
widely employed in the Australian industry and bas been 
confirmed overseas. However, the concentration of sul­
phuric acid normally used in European mills is lower than 
that in Australia, and damage to the wool is therefore 
less severe. Jt should be possible, by protecting the wool 
with wetting agent, to increase the acid concentracion and 
cheapen the processing by increasing the throughput of 
wool. 

T wo different types of damage arc produced in wool 
by sulphuric acid. That produced by heating wool in 
dilute :tciu increasc.:s the alkali solubility and trypsin 
digestibility but docs not appreciably affect the strength. 
The other type occurs when wool is saturated with dilute 
sulphuric acid and1 then heated in an oven in a draught 
of air to evaporate the water and concentrate the acid, as 
under indus trial conditions. This causes lit tle change in 
the alkali solubility but lowers the mechanical strength 
appreciably. 

3. FLEECE BY-PRODUCTS. 

(Wool Textile Research Laboratories.) 

The flotation pl:int for recovering lanolin has been 
modified to give greater production and more consistent 
performance, :md the improved machine is now being 
tested by a firm engaged in the refining of lanolin. 

The colour ot the lanolin produced by the solvent 
degreasing process is inferior to that produced by soap-soda. 
scouring. However, the colour is improved by hydrogen 
peroxide bleaching or by treatmer.t with the adsorbent, 
fuller's ear th. 

4. DERIVATIVES OP WOOL WAX AND SurNT. 

(Division of Industrial Chemistry.) 

The potential output of wool wux from the Australian 
wool c lip alone is between two and three times the present 
wool production of hard waxes from natural sources. Io 
seeking outlets for wool wnx, potentially larger fields of 
use must therefore be sought Esters are used as plasti­
cizers in the plastics industry and accordingly a range of 
esters has been prepared from the unfractionatcd acids 
from wool wax. Their use as second'ary plasticizers for 
polyvinyl chloride has been examined. Mechanical per. 
formance was maintained in replacing up to 30 per cent. 
of the dioctyl phthala te customarily employed, but each 
ester tested showed some exudation which indicated limited 
compatibility. A method for the separation of the acids 
into their three main chemical types has been developed. 
l nvestigation of the composition of unsaponified wool wax 
is being continued. 

Lanoslerol is obtained in u condition of near purity 
during the commercial production of cholesterol from wool 
wax. and the chemistry of this interesting triterpene is 
being extended. In seeking its conversion to hormone­
like chemicals, long-range interaction of substituent groups 
was encountered. It wus founu that carbonyl groups may 
nid the hydrolysis of distant ester groups, which would 
otherwise be too heavily hindered to react. 

5. WooL Texr1Le. P ROCESSES. 

(Wool Textile Research Laboratories.) 

(a) Yam Maiw/act11re.-Devclopment of the converter 
system to replace worsted carding has continued. T he 
prototype unit has been used to process several thousund 
pounds weight of wool ;it rates up to 70 lb. per hour, and 
has been shown to hnndlc soap-soda scoured wool as well 
as solvent degrensed wool. Removal of veoetable matter 
is the major difficulty, and several methods of dealing with 
this problem arc being explored. 
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Wool losses in worsted carding are being assessed for 
both soap-soda sconred and solvent degreased products, 
and' these studies are being related to similar studies on the 
new converter system which causes considerably less loss 
of wool. 

Solvent-degreased wool can be carded at mucll higher 
rates than soap-soda scoured wool. In one trial the rates 
were 92 lb. per hour and 40 lb. per hour respectively, 
and the corresponding tears 14.1 and 11.6. Less top is 
produced, however, at high carding rates, but the mean 
fibre length is unaffected. 

The Noble comb autocontrol unit has been considerably 
sin1plified and the electronic control replaced by a com­
paratively simple system of. micros:vi!~hes. A local firm 
is to manufacture these units and 1t is expected that the 
device will be widely adopted both in Australia and 
overseas. 

(b) Felting.-Following the demonstration that crimp­
less wool from the lustre-mutant Merino sheep at the Sheep 
Biology Laboratory at Prospect, New South Wales, 
possesses marked felting properties, samples have been 
distributed to firms and laboratories which are interested 
in testing its commercial possibilities. 

(c) Oiling.-lnvestigations continue on the velocity. 
friction and aging characteristics of cheap alternatives to 
the conventional combing oils. Drafting force measure­
ments are used to assess the suitability of the preparations 
and those showing promise are subjected to processing 
trials under mill conditionr.. 

(d) Dyeing.- Tbc melange printing process for worsted 
sliver is now being used on a large scale and assistance has 
been given to several firms wishing to employ the improved 
technique. Extension of the process to fabric printing is 
being investigate& Improved rate and evenness of dyeing 
are obtained if wool fabric is previously exposed to ultra­
violet irradiation. The exposure time and cost of electric 
power are at present too high for the process to be 
attractive, but if developed further it may find application, 
for example. in pattern printing. Exposure to ultraviolet 
irradiation also confers some sbrinkproofing effect. A new 
method of dyeing has been discovered which requires only 
a few minutes' immersion of the wool in a solution of the 
dyestuff in an organic solvent. Excess dye solution 1s 
squeezed out of the wool and solvent remaining is 
recovered from the wool by beating. 

6. FINlSHING PROCESSES. 

(Wool Textile Research Laboratories.) 
(a) Shrin.kproofing.-Greater effort has been devoted 

to research on shrink.proofing than in previous years. 
Ethanol extraction of wool has been shown to produce 
better sbrinkproofing, not only when resins are used in 
the subsequent treatment, as previously reported, but also 
with shrinkproofing reagents which chemicaJ!y modify the 
fibre surface. The ethanol extraction removes a small 
amount of wax from the wool, the composition of which 
is being studied. However, ethanol extraction is an 
unsatisfactory industrial process, and alternative methods 
of pretreating the wool are being sought. 

One very effective method of shrinkproofing wool is to 
synthesize polyglycine on the surface of the fibres. 
Depositioa of this polymer has been accomplished from 
organic solvents, but these could not easily be employed 
io the textile industry and the possibility of depositing 
polyglycine or some related compound from aqueous 
solution is being investigated. 

Shrinkproofing based on the use of alkali in concentrated 
salt solution has now been extended to oxidizing agents. 
Rapid sbrinkproofing has thus been obtained without fibre 
damage, and the method may find application in the treat­
ment of wool tops. It has already been applied to hospital 

blankets which are being subjected to repeated laundering. 
SI-RO-FIX-treated blankets are also being tested in the 
same experiment. 

A method bas been devised for removing and analysing 
scales, to determine the effects of various shrinkproofing 
processes on the surface layers of wool fibres. This method 
has shown that the scales of untreated wool contain less 
glumatic acid and aspartic acid and more proline than the 
rest of the fibre. This may account for the lower reactivity 
of the scales compared with the cortex of the wool fibre. 

( b) M othproofing.-The SI-RO-MOTH'D process of 
mothproofing with dieldrin has become widely used in 
Australia and the method is becoming very popular also 
in other countries. Considerable assistance has been given 
to firms in various parts of the world wishing to adopt the 
process. The most attractive feature of this method of 
mothproofing is the low cost. Goods may be treated for 
less than Id. per lb. 

Attempts to stabilize the wool fibre against biological 
and chemical attack by treating it with carbodiimides to 
introduce new peptide cross-links were only partially 
successful. 

(c) Anti-bacterial Treatment.-Examination of samples 
of dust collected in hospital wards and in the operating 
theatre has shown that this material consists mainly of 
cellulose. Wool represents only a very minor proportion 
of the total fibre and is thus likely to be insignificant as 
a cause of cross-infection in hospitals. Nevertheless, like 
other items in the ward, wool blankets become contamina­
ted, and non-damaging methods of cleaning and sterilizing 
blankets are being examined. 

(d) Permanent Pleating.-Chemical changes found pre­
viously to underlie the permanent creasing of wool fibres 
have been the basis of the development of a commercial 
method of permanent creasing known as the SI-RO..SEf 
process. The goods are sprayed with a dilute solution of 
ammonium thioglycollate before the final steaming or 
pressing, and the resulting creases or pleats are then 
resistant to normal wear, rain, aocl drycleaniug, and even 
to hot soap solution. In Australia, eighteen firms were 
licensed to use the process within six months of releasing 
the details. An officer of the Geelong Laboratory has 
been stationed in London to assist with the industrial 
application of the process in the United Kingdom and on 
the Continent, and the Australian Wool Bureau is sponsor­
ing a visit by two members of the research staff to New 
Zealand where they will assist with the initial technical 
development of the process. 

There is scope for further investigation to improve 
the retention of pleats in light-weight cloths and to increase 
their wrinkle resistance, and to develop finishing treatments 
which confer " wash-and-wear " properties on wool gar­
ments. Studies are in hand on the effect of fibre type, 
yam, and cloth structure on pleat retention and wrinkle 
resistance and on the mechanism by which felting destroys 
SI-RO-SET creases. A technique has been developed for 
embedding and sectioning creased cloth and this has 
allowed an estimate to be made of the range of strains on 
fibres in the region of the crease. This is important because 
chemical setting agents arc usually tested by observing 
their effect on single fibres under strain. By observing 
the movement of marked fibres in the region of a crease 
under the slereomicroscope it has been possible to follow 
their movement during felting. This has established that 
fibre movement destroys the crease even though the amount 
of felting would not normally be sufficient for detection by 
any change in the area of the fabric. A highly efficient 
shrinkproofing process is thus required in an all-wool 
cloth to achieve a crease which is fast to washing. 

The fate of thioglycollate sprayed on wooi fabric has 
been studied by applying prepnrntions containing radio­
active sulphur. It has been shown that none of the thio­
glycollate is volatilized during pressing with a steam iron 
but almost all is removed by washing with water. 
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1. PHYstcs OF WooL AND FIBRE A ssEMOLIES. 

(Wool T extile Research Laboratories.) 

(a) Mechanical Proper1ie.1· of Single Fibres.-Under 
certain conditions of heating and steaming or chemical 
action a stretched wool fibre will retain a proportion of the 
original extension which is fast in varying degrees to further 
wetting and heating. A broad classification of " per­
manent" and " temporary " set is given depending on 
whether the set withstands boiling water. Permanent 
setting is important in wet finishing operations such as 
blowing and crabbing, and in SI-RO-SET durable creases. 
Temporary set is achieved in domestic pressing and creas· 
iog operations and when a fabric becomes wrinkled during 
wear. Permanent and temporary set in single wool fibres 
are therefore of immediate practical as well as of great 
theoretical interest. 

Studies in permanent set have shown considerable 
variability between individual fibres within a fleece and 
between wool types and sheep breeds. Fine fibres can be 
set better than coarse fibres. A positive correlation has 
also been established between the setting and supercon­
traction properties of a fibre and this, together with the 
relationship between setting and the tension within a fibre , 
is helping to explain how set occurs. 

The changes in dimensions of a wool cloth during the 
manufacture of garments due to steaming, pressing, or 
variation in tbe relative humidity, sometimes cause serious 
difficulties. Some of tbese changes are due to fail ure to 
remove permanent or temporary set in the fabric. Others 
are related to the cloth structure and are observed when 
the relative humidity changes. Cloths with a variety of 
constructions are being examined in the laboratory to 
identify these causes more precisely. 

(b) Electrical Properties.- The electrical resistance of 
wool decreases by a factor of 10,000,000 as the fibre 
changes from the dry to the wet state, and this explains 
why wool rarely causes difficulties in processing due to 
static electricity, and why wool clothing does not develop 
electrical charges which cause discomfort or attract dirt. 

Measurements of the electrical resistance of a wool fibre 
while being stretched shows two effects. Firstly, an increase 
occurs in excess of that due to the fibre becoming longer 
and thinner and then, after stretching, a decrease occurs 
due to the entry of water into the structure. 

(c) Regain in Wool.-Studies have continued on the 
exchange of water between a mass of wool and the air 
passing through it. Calculations based on the measured 
sorption of water by single wool fibres have Jed to the con­
struction of a small drier for loose wool to test out some 
new possibilities in the field of wool drying. They have 
also provided the data for the construction of an apparatus 
for the rapid drying and weighing of samples for certificate 
purposes. This " C.S.l.R.O. Regain Apparatus " shows 
substantially better performance than commercially avail­
able regain testers. It is capable of determining the re­
gain of a 100 g. sample of wool to an accuracy of 0.01 
per cent. in 7 min. and will be of special value to the 
newly formed Australian Wool Testing Authority. Meas­
urements have been made of the moisture content of 
samples taken from bales of scoured and carbonized wool 
using the coring method to determine the variation in 
moisture content within bales and between bales. This 
information will also assist the Authority to develop wool 
sampling methods to suit Australian conditions. 

The method of estimating the regain of wool by 
measuring its electrical capacity at two different frequen­
cies is complicated by the presence of electrolyte~ in the 
wool. Apparalus is being constructed to examine if the 
method is applicable to the continuous measurement of 
the regain of a backwash sliver. 

The sorption of water by single wool fibres usin~ the 
vibrating string technique is being investigated1 further 

over a range of temperatures. notably between l 00 and 
105° C. Fibres dried at these high temperatures take an 
unexpectedly long time to absorb moisture from the air. 

To determine what drying procedures must be used in 
order to obtain correct values for the dry weight of wool, 
a vacuum apparatus has been constructed in which the 
drying and Wetting operatici:.s can be carried out under 
accurately controlled conditions of temperature and water 
vapour pressure. The samples are suspended on quartz 
springs and' rhe weight changes are followed by observa­
tion with a c:ithetomeler. It has been shown that errors 
exceeding 1 per cent. of regain can be introduced by using 
incorrect drying procedures. 

8. STRUCTURE OF THE WOOL FIBRE. 

tWool Textile Research Laboratories.) 

(a) Direct Examination of the Fibre.-With the aid of 
a new method of embedding wool fibres, using epoxy 
resin, sections can now be cut sufficiently thin for examina­
tion under the electron microscope. Formerly it bad been 
necessary to confine attention to the softer wool roots 
which are readily sectioned when embedded in metha­
crylate resin. Fully hardened Merino fibres, which have 
been partly extracted and then fixed in osmium tetroxide, 
reveal marked differences between the ortho and para 
segments. The former show fibrils within the cortical cells 
separated by regions of lower protein density where 
chemicals attacking the ortho segment would be cxpc<:ted 
to penetrate. Cells of the para segment, on the contrary, 
are clearly outlined by Lhe cell membranes, but apart from 
spaces formerly occupied by nuclei, they show no internal 
structure. Microfibrils have been ide;-,tified in sections of 
fibres after reduction with thioglycollate at pH 5 and fixing 
in osmium tetroxide, the metal being deposited in the 
intermicrofibrillar matrix. Jntcnsification of certain spots 
in the X-ray diffraction photograph of the same material, 
corresponding to the deposition of metal between the 
microfibrils, represents an important correlation between 
these two techniques. Jntensification of other spots in 
both the equatorial X-ray pattern and in the meridian, 
corresponding to repeats of pattern in the direction of the 
fibre axis, has been obtained by treatment with mercuric 
acetate l\nd with lead acetate following reduction. 

Measurement of the infra-red absorption spectra has 
provided information about the orientation, configuration, 
and accessibility of wool. Treatment of wool witb 
deuterium oxide eliminated the absorption due to amide 
groups in the infra-red spectrum, and this, together with 
other evidence, may mean that the amicfe groups in the 
crystallii.e regions of wool are accessible to water. 

From examination under the microscope of short 
lengths of wool fibre while heating them in lithium bromide 
solution, supercontraction proceeds in two stages. The 
rubber-like properties of the fibres while immersed in the 
supercontractiug medium permits the application of 
elastomeric theory which suggests that cystine may provide 
the restraining cross-links. Ultraviolet irradiation 
influer.c.es both the supercontraction and the setting of wool 
fibres, and the wavelengths concerned are such as would 
be expected to affect bonds at or near the tryosine residues. 

Supercontraction of wool fibres when heated in phenol 
solutions is due chiefly to phenolate ions if the solution is 
alkaline and to unionized phenol if the solution is acid. 

Electron microscopy of the inner root sheath of hair 
vibrissae has revealed' a cellular structure with spaces 
between the cells through which metabolites could pass 
to the growing root. Analysis of the fibrous protein of 
the inner root sheath has shown the presence of a signifi­
cant quantity of citrulline, and amir.o acid not previouslv 
fou nd in protein combination. The same amino acid ha·s 
been detected also in the wool follicle. 

( b) Examination of Extracted Proteins.-Following the 
i•c-!ation of a protein fraction from wool by extraction with 
thioglycollate, its conversion to SCMK2, and further 

-
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purification with zir.c salts, a second protein fraction has 
now been obtained. Protein remaining in the extract after 
precipitation of this second wool protein has a high sulphur 
content and may originate in the matrix between the 
microfibrils. Several methods have been found for dis­
aggregating SCMK2 and the wool protein derivative, 
a.-keratose. 

(c) Estimation of Amino Acids.-Tbc ion-exchange 
chromatographic method of estimating amino acids has 
now been made fully automatic, the extinction coefficients 
of the colours produced in successive fractions with 
ninhydrin being recorded on graph paper. 

The estimation of cystine and cysteine in wool has been 
greatly improved through the adoption of polarographi.:: 
methods. These acids may be estimated in 10-100 mg. 
samples of wool by the addition of excess mercuric chloride 
to an acid hydrolysate and by determination of the excess 
by polarography. Amounts between 0.15 and 0.10 mg .. 
that is, corresponding to single Merino fibres or portions 
cut from coarse wool fibres , are analysed by determining 
their effect on the cataiytic cobalt wave. Most important, 
however, has been the application of organic mercurials. 
for example, "Neohydrin ", for estimating cystine and 
cysteinc in intact wool by using urea to swell the fibre. 
Cystine methods involving hydrolysis yield values up to 
4 per cei: t. too high if applied to wool containing thioether 
groups which have been oxidized. 

9. WOOL P ROTEIN CHEMISTRY. 

(Wool Textile Research Laboratories.) 

(a) Studies 011 the Wool Fibre.-The disulphide bonds 
are the most reactive groups in wool, and conversion of 
each disulphide bond into two S-sulphocysteine groups 
by reaction with a solution containing ammoniacal cupric 
ions and sodium sulphite, as mentioned previously, has 
now been confirmed and extended. Reaction of the 
S·sulphocysteine with cyanide yields the corresponding 
tbiocyano derivative, and reaction with another thiol yields 
mixecF disulphide. T he th iocyanoproteins can also be 
obtained by reaction of reduced wool with cyanogen 
chloride. Studies are proceeding on the reaction of wool 
with reagents such as formaldeh}:de, with various reducing 
agents. including bisulphite, and with more specialized 
reagents with which it is hoped to modify specific chemical 
features of the molecules. 

If the more readily split disulphide bonds in wool. 
known as the A + B fraction, are replaced by stronger 
cross-links, and the Jess readily split bonds, known as the 
C + D traction. are then ruptured, the Hookean region 
of the stress-strain curve of the fibre is shown to be 
eliminated. Stretching fibres while immersed in thiogly­
collate solution at pH 5 has been shown to increase the 
extent of reduction of the disulphide bonds. 

(b) Studies with Model Compounds.-Research on 
cystine-contaioing peptides has led to the synthesis of a 
wide range of intermediate compounds, including two 
heptapeptides containing S-benzylcysteine. A peptide con­
taining one cystine and five glycine residues, in which the 
disulphide bond and the peptide chain form a closed ring, 
has been prepared. 

10. PROTETN STRUCTURE. 

(Division of Industrial Chemistry.) 

Work on the structure analysis of amino acids is pro· 
ceecf!n3 nod current studies have been extended to Jbe 
peptides. These are chosen either because they occur 
naturally. or because they have particular significance in 
the s tructural pattern of specific proteins. 

L-Leucylglycylglycylglycine has been synthesized by the 
carb0benzoxy method. The coupling of two of these 
units. which occurs with good efficiency, has yielded the 
carbobenzoxy octapeptide. X-ray structure analysis of 
the basic unit, LGGG, is well advanced. 

The sequence -L-prolyl-L-hydroxyprolyl- has been 
found to be significant in the structure of collagen, and a 
selected derivative, tosyl-prolyl-hydroxyproline bas been 
analysed. 

The final stages of the analysis of aspartic acid hydro· 
chloride revealed some weaknesses in previous calculations 
of X-ray atom scattering curves, and further calculations 
based on a more refined electron distribution have been 
made. The disposition of hydrogen atoms in this com­
pound has been established by a more complete treatment 
of the data. 

Further study of the iodoacetate of evolidine, an 
interesting natural heptapeptide, revealed that this deriva. 
tive decomposed in the X-ray beam, even at low tempera­
ltlres, ::ind a search is being made for a more suitable 
derivative. Other peptide crystals are being examined to 
determine their suitability for more detailed investigation. 

The power of the X-ray method is closely allied to the 
range and quality of the experimental data. A high-power 
(6-7 kW) X-ray generator, permitting a tenfold reduction 
of exposure times, is now in regular use. Valuable high­
angle data can be obtained when combined with the Jow­
temperature adapter for the Weissenberg goniometer. 

These improvements in technique provide experimental 
data which allow the application of modification functions 
with greater confidence; this has permitted a more rigor­
ous test of " image-seeking" techniques of structure 
analysis. Thus, it was possible to show, for tosyl-prolyl­
hydroxyprolinc, that the sulphur atom in the presence of 
26 other atoms (C, N, and 0) was of sufficient power to 
initiate the analysis. However, it was also found that 
with the addition of further atoms to the " image-seeking " 
function. the situation does not improve as expected but 
tends to deteriorate. This limitation in " image-seeking " 
techniques is being studied. The selection of more suit­
able functions will probably require accurate knowledge 
of scattering curves, particularly for the principal 
" marker " atoms. Of such atoms, Cl, S, and P are all 
of importance in biological systems and the curves avail­
able in the literature arc considerably in error. To elimin­
ate these errors, first noted in aspartic acid hydrochloride, 
new calculations have been made. 

11. GEN ERAL PROTEIN INVESTIGATIONS. 

(Wool Textile Research Laboratories.) 

To explain the effect of some salts on the supercon­
traction of wool fibres, experiments have been made on the 
effect of various ions on the thermal contraction of another 
fibrous protein, collagen. Unlike wool proteins, changes 
in the structure of collagen are not complicated by the 
presence of disulphide bonds, since it contains no cystine. 
Anions appear to affect the contraction of collagen partly 
through being absorbed and thus affecting the net charge 
on the protein, and partly through the water carried into 
the collagen by the associated cations. 

Bovine serum albumin and other proteins have been 
used to demonstrate that amino acid hydrochlorides are 
unsuitable as electrophoresis buffers. 

12. BtOLOGTCAL DEGRADATION OP CELLULOSE. 

(Wool Textile Research Laboratories.) 
Tn an initial survey of the digestibility of pasture plants 

samples were prepared of crude fibre and a-cellulose from 
Phalaris, Wimmera ryegrass, and subterranean clover at 
different stages of growth, and these were used as sub­
strates for growth of the fungi Stachybotrys atra and 
Lenzites trabea and for the bacterium Cellulomonas 
biazotea. Results were variable and no differences were 
detected between samples from the same plant at different 
stages of maturity. Differences were observed, however. 
between different species of plant. 
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XVIJ. INUUSTRIAL CHEMISTRY. 

1. GENERAL. 

Although certain supplies of raw and processed 
materials must always be imported to fulfil special manu­
facturing requirements, it is nevertheless essential for 
Australia to develop local raw materials wherever this is 
economically possible. 

The Division of Industrial Chemistry represents the 
major concentration of chemica~ researc~ within the 
Organization, although much chemical work 1s undertaken 
in other Divisions and Sections. 

This Division was formed to promote greater technical 
efficiency in established industries; to stimulate the estab­
lishment of new industries; to encourage the use of raw 
nrnterials of Australian origin; to seek substitutes for im­
ported materials; to find uses for by-~roducts n?t. ~tilized; 
and to study national problems to which the D 1V1s1on can 
contribute by virtue of its experience in other fields. T his 
Chapter describes the work of the D ivision. 

The Division's study of the constituents of wool wax 
and ways of utilizing them or their derivatives is described 
in Chapter XY1., Section 4 . The Division i9 also studying 
the structure of proteins in relation to wool (see Chapter 
XVI., Section 10). The Division's work on the utilization 
of brown coal is described in Chapter XIX., Section 5. 

Divison of Industrial Cliemistry.-Several companies 
have placed their confidence in this Division by sponsoring 
pilot-plant work. 

An example of this type of co-operation with industry 
is the development of the Weiss-Swinton jigged-bed pro­
cess for continuous ion exchange. I t was recently 
announced that a single full-scale unit will be installed 
at Rum Jungle for final tests on the recovery of uranium 
from Dyson's ore, and so bring to a final stage the develop~ 
ment and application of this new metallurgical technique. 
The extensive work on the development of this process 
bas been made possible only by the continuous and 
generous support of the Austrnlian Atomic Energy Com­
mission, which .financed the first pilot plant, and by the 
grants received from the Rio Tinto Company Limited and 
Territory Enterprises Proprietary Limited for tests on the 
Mary Kathleen and Dyson's ore respectively. I t is pleas­
ing to acknowledge the important part played in the 
engineering development of the process by the Organiza­
tion's licensees of the process for uranium recovery, the 
Permutit Company. 

The Division has recently completed another major p ro­
ject with support from industry. Jn 1953, Mount Morgan 
Limited and Mount Lyell Mining and Railway Company 
L imited arranged with the Division to conduct an investiga­
tion of the fluid bed roasting of copper concentrates and the 
subsequent leaching and electrowinning of copper. These 
companies were later joined by Mount Isa Mines Limited 
and Peko Mines N.L. in sponsoring the investigation. This 
work has now been brought to a successful conclusion 
(see Section 2 (a) of this Chapter). Over the period of the 
investigation, the companies have contributed a total ot 
£40,300. 

The Cement and Concrete Association, which has made 
an annual gr ant for the past sixteen years as a contri­
bution to the Division's research on cement, has this year 
increased its grant to £5,000. Work on the sintering of 
brown coal ash is being supported by the State Electricity 
Commission of Victoria, the Gas and Fuel Corporation of 
Victoria, and Australian Paper Manufacturers Limited . 

A group of Australian companies is sponsoring an 
assessment of a process for the production of ruti le from 
ilmenite. 

In January, 1958, Dr. H . R . C. Pratt, formerly of the 
Chemical Bogineering Division . of the Atomic Energy 
Research Establishment, HarweU, joined the Division as 
leader of the Chemkal Engineering Section. 

2. MINERAL UTILIZATION. 

(Division of Industrial Chemistry.) 
This. Section is mainly concerned with the techniques of 

ex.tractive metallurgy. The recovery of many of the less 
common elements from their ores are studied concurrently 
wich the extraction of well-known metals such as copper. 
Projects in both classes of work have been sponsored and 
financed by Australian industry. The emphasis on hydro­
metaUurgical processes, including pressure digestion tech­
niques, which was maintained throughout much of the 
programme, is in sharp contrast to the modern version of 
pyromelallurgical purification applied to thorium carbide 
and the derived metal as described herein. F undamental 
studies on various metal and mineral derivatives which 
have been undertaken concurrently with the applied re­
search fall into two classes: those which are incidental 
to the main object of the research, and those which have 
as their object the assessment of mineral derivatives which 
may eventually lead to new industrial utilization. 

(a) Hydrometa/lurgy of Copper.-The investigation 
which bas occupied the attention of a small group for the 
past four years has now been completed. The companies 
which originally requested the Division's collaboration, 
Mount Morgan Limited and Mount Lyell Mining and R~il­
way Company Limited, were later joined by the two remarn­
ing major copper producers of Australia, Mount Isa Mines 
Limited and Peko Mines N.L., while the Copper Producers' 
Association supplied the liaison between these companies 
and the Organization. This type of collaboration, in which 
funds were supplied by private interests for an investiga­
tion of a specific process, is a departure from the previous 
practice of the Division. 

The investigation concerned the possibility of replacing 
conventional smelting and refining by leaching and elec­
trolysis, after an initial roast in a f:luidizing bed reactor. 
'!he Chemical Engineering Section undertook the investiga­
tion of the roasting techniques, and the leaching of the 
calcines produced in the roaster and the winning of copper 
metal by electrolysis from the liquor were then taken up 
by the Minerals Utilization Section. 

It became apparent that there was not one hydrometal­
Lurgical problem but several related problems, and the 
objectives of the project becamc:-

(i) To recover as much copper from the calcine as 
possible. As some existiog methods are very 
efficient in this respect a high target of 97 
per cent. recovery was aimed at. 

(ii) To recover as much gold from the calcine as 
possible, as three of the four mines at present 
derive income from gold. 

(iii) To deposit the copper in a form sufficiently pure 
for d irect melting and casting into marketable 
shapes. The specifications of the electrical 
industry for ductility and conductivity required 
that many impurities do not exceed a few parts 
per million. 

(iv) To deposit the copper in a massive coherent form 
which can be readily transported and melted, 
and not as a powder or sponge. 

(v) To recover the copper with the minimum con­
sumption of power. The power for elec­
trolysis may amount 1·0 two-thirds of the total 
running costs of the whole roast-leach plant, 
labour included. 

(vi) 'To produce as little waste acid as possible, thus 
obviating the need to neutralize large quantities 
of acid with limestone to avoid pollution of 
adjacent water supplies. Where the process 
has been suggested overseas, excess acid has 
been in demand and this simple difference is 
respoosible for many unique aspects of the 
investigation. 
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(vu) lo U\tcgrntc the \'arious parts of the process into (b) Ura11i11m Ex1ractio11.-An investigation bas been 
a workable whole. Some of the above aim$ commenced anto the poss1bilny o{ selectively extracting 
were antagoni:.tic, and a change at any stage uranium lrom monaute sand~. Undec existing ciccum· 
ol lhc process required modifications in the stances, 1l as not economic to decompose monazite com­
othera. plctcly cor uranium recovery, ns an adequate market does 

These probh:ms dcmnnded a diversity of knowledge and not yet exist Cor the rare earths and thoiium simuJtaneolIDy 
kill$ and collaboration wni. trcquenlly sought both inside produced. Current work is concerned with the promising 

the Organua11on and elsewhere. A senior member oC the cffe~ts .'.lchievcd by :.intcring ruonazite with appropriate 
group made .i sponsored visit to the large copper leach ~alts, lollowcd by leaching with dilute acid. lo this way, 
plants of central Africa with the object of comparing very lntlc monaLite, but a substantial portion of uranium, 
recommended procedures with those practised elsewhere. is dissolved. 

Expctiments were begun on a laboratory scale but were A simple but cfToctivc precipitat ion method has been 
fi r.ally taken to semi-pilot-plant scale for the leaching, devised for the rcmovnl ol phosphate f rom uranium-rich 
pu riliculion, unc.I electrolysis processes. The need for rapid eluates ul Rum Jungle. Studies on the removal of phos­
r.nulyticu l control lod to the development of new procedun:s phatc from lc11ch liquors during solvent extraction have 
in polurogrnphy und spectrophotometry, for eight different been completed. 
cJemcnts \1( signlllcuncc in the process. Spectrograpbic Analyticol services nnd personnel have been provided in 
am1lyscs were conducted by the South Australian Mines supporl ol the jigged-bed process for recovery of uranium 
Department. Crom leach liquors. Studies have also been made on the 

A study o( rhe first objective showed that careful control possible additional leaching of uranium fro m leach rcsidu~ 
of roasting was the key to success and that inadeq uacies during thickening operations. Co-operation with the 
of roasting could not be made good by simple modifka· Austrulinn Atomic Energy Commission and Territory 
lions of leaching technique. The best roasting techniques Enterpmcs Propnctnry Limited has been continued, and 
achie\'ed a 97 per cent. recovery for calcines from all the rc:.ults of this work have been given restricted publica­
mioe . The second objecl was achieved by the Organiza- tton in the lorm of seven technical notes. 
tioa·s Ore-dr.:ssing Laboratories at Melbourne University, (c) Chemistry of Zirco11i11m and Hafnium.- ln the 
which recovered, by cyaoidation, more than 90 per cent. period under review the NaLional Distillers and Chemical 
o( the gold from the calcines of the two mines so far Corporation of the United St:ues of America completed 
s tudied. The cconC'mics of cyaoidation were found to the payments for their purchase of the overseas rights to 
depend on the method o( roasting and leaching. use the process patented by the Organization for the 
Unc>.pected difficulties arose in the preparation of pure separation of hafnium from zirconium. Work is con­
coppcr, lending to the discovery of molybdenum as a new 1muing on the chemi~try of urconium. 
addjtion 10 the metals whose presence is deleterious to (d) Cl · / I 1.1 · A f b · · 

T
l f ll ti" • t 1('111/S ry 0 IOT/U/11,- process or 0 taUUOg 

copper. 1c. occurrence o very so:ia quan ues 0 • thorium of high purity has been developed. Thorium 
molybJenum 1~ the concentrate, unnoticed ~hen treated oxide usct.I as a source nintcrial is heated to a high tern· 
by_ lhc convenuonal process, procfuccd me~allLc copper too peraLUre with carbon to form thorium carbide. A small 
bnule 10 be hnndlcd. ll olso caused arsenic to be concen- "llOU t of ·o·' ' c ·s nd· 'ed t d 1 1 . S f . 11 u l n 1 uin • 1 u o an evacuate vesse con-
t roted ~n lho _coppcl'. cvcral mcth~ds ~ preve~llng 1c mining lho powdered or pelleted thorium carbide heated 
dcposir10H o( molybdenum (and with 1t arsenic) were to u temi•or tu 1 1 d h t Th 1 .·I I · 

• 1. l b · · f 1 ' u re JO ow re en . e vo at1 e t 1onum 
fo llnu. l~c simplest L1e ng Y the addiuon ° SJ:?al amounts iodide produced by reaction of thorium carbide with iodine 
of chlomlc to the electrolyte. The Iodustnal Research nets ,18 . c~rrlcr to convc ti · t b. f h 
S · M II o 1 v · ·t f M lb . • .i " y 1on um o anot er part o l r. 

ccllon. Clo ursy . epor mcnt, .ruversi Y 0 ~ ournc, vessel contnir.lng a fi lament heated electrical! to white 
undertook the melting nnd cnsnng of the pilot-plant heat Thor'um met 1 d ·1 b fil Y d u 
cathodes, wiredrawing, and metallographic examination. bu"ltl. . u 

1

3 1 1 n dcposdi s. od~ t elib amedntb. grab ua Y
1 

1 h th 
· f d · · d" th 1 1 mg P • me a ro , nn 10 me crate y t ermn 

t was s own at wire o con ucuvity ex.cee mg e usua decomposilion of the iodide is made available for fu rther 
st~ncfard co~ld ~ produced from_ th~ products of all f~ur reaction with thorium carbide. 
mmcs. This bcang the 6nal cnrcnon of the technical 
fcnsibility of the overall process from roasting to wirc­
drawing, costs rem:uned as lhe major consideration. P ower 
costs v:iry widely at the four mine sites. Power consump­
tion. dcpcnd10g primarily on the amount of iron in the 
electrolyte, can be reduced by control in the leaching and 
roasting .. 1ages, 1hough more effectively by solution 
puriflcauoo. Conventional limestone precipitation was 
compared with hydrolysis developed in the Section''> 
general studies on pressure leaching. The same roasting 
control has enabled less acid 3nd less sponge copper lo 
be p roduced, so that the next three aims proved to be 
inseparable. Simple mathemntical expressions have been 
found rcluting the main running costs (power and l ime­
stone) to the conditions or roasting and leach ing. These 
expressions form n basis for deciding which of three or l 
fo ur possible now sheets or processes would be the most 
suiloblc fo r the conditions prevniling at each mine, e.g. 
w hether the capital costs in setting up a purification section 
w ould be warranted by the savings in power. 

T he extraction of bism111h, lead, and cobalt from calcine9 
oC one of the concentrates hns also been investigated and 
promising methods found for recovering about 80 per cent. 
of each metal in rhc form or a concentrate. The possi­
bili ty of increased use for the valuable metals bismuth 
and cobalt in nuclear reactors and high temperature alloys, 
re.spectively, lends added weight to this study. Funda­
mental invc tigations hove been conducted on methods of 
analys1 • heterogeneous kinetics, and the mechanism of 
electrode proccsss. 

The cnrbo. , O'(ygen, and nitrogen contents of the 
product arc os low .is, or lower than, those in the best 
material obtained Crom a metal feed. A study of the 
relevant variable~ has shown that the rate of growth of 
the product compar~ favourably with that obtained with 
thorium mctnl feed materials. Thus a simpleI and cheaper 
method for making pure thorium has been made available, 
as ii is no longer nc..:cssary 10 use expensive raw materia!s 
in the form of thorium metaJ of relatively low purity. 
Such costly stnrung materials have hitherto relegated the 
original Van Ai kcl-de Boer process to the role of a refining 
process onlv. 

A fcaturo of tho cnrbidc-iodide process is tbe high degree 
of purification ullninoblc. This has been investigated 
experimentally by use of radioactive tracers, and 
theoretically by cnlculution of 1:1ppropriate thermodyoomlc 
funcllons for vlr tunlly nil the clements. Thjs has been 
done for cneh sl11gl! of the process. For each of tbeso 
~tagcs 11 useful correlation has been obtained between 
experimental und calculated results, and p rediction of the 
overall behaviour of most impurity elements can now be 
made with some confidence. 

Very considcrnblc purification occurs during the carbide 
lormation stage when low concentrations of some 60 
clements volntiliie nt the high temperature required to 
convert thorium 0~1de to thorium carbide. The remaining 
impurity element are separated at one or other of the 
four principll srages of the metal deposition process. Thus 
some impurities may be separated from the product metal 



because lhe iodide of the impurity metal is unstable in the 
presence of thorium carbide. or is of too low a vapour 
pressure to transfer the impurity to the filament. Other 
impurities m::iy be separated because the iodide of the 
impurity metal is too stable to be decomposed by the 
heated thorium filament or because the impurity metal 
concerned is too voltatile to remain on the filament. Only 
uranium, zirconium. hafnium, and possibly protoactinium, 
transfer substantially to the product metal. 

The carbide-iodide process also has other applications. 
Thus thorium metal or ceramic materials containing 
thorium which have been irradiated in an atomic reactor 
can be clecou,aminated from fission products. Both the 
thermal decontamination occurring during the carbide 
format ion stage and the greater degree of decontamination 
occurring at the metal growing stage may have useful 
itpplications, while the decontamination attainable in the 
overall process exceeds by several orders of magnitude 
that obtained in most current pyrometallurgical decon­
tamination procedures. 

(e) Germanium Extraction.-Examination was con­
tinued of hydrometallurgical and pyrornetallurgical 
extraction techniques for the recovery of germanium from 
certain coal-fired power-station flue dusts. Improvements 
made to a process based on dilute acid leaching resulted 
in an increase in extraction yield to 80 per cent.; yields of 
this order were also noted when using aqueous alkaline 
systems. To evaluate these processes and to study the 
reactions associated with release of germanium from th;! 
complex silicate mixtures, data have been obtained on tbt: 
simultaneous transfer to solution of Si02, Al, Ti, and P0.1• 

Satisfactory recovery from leach solutions has been 
achieved by using precipitation anci1 ion-exchar.ge 
techniques. 

(/) Chemistry of Graphite.-Work was concluded to 
elucidate fundament~I aspects of the formation of mole­
cular compounds of graphite and to add to this class of 
compound a large number of new examples. 

Interest in the corrosion resistance of graphite used as 
a moderating material in certain types of atomic reactors 
has prompted investigation of the reactivity of graphite 
towards several materials such as metal coolants which 
may also be present. The possibility is being studied of 
taking advantage of the high selectivity shown by graphite 
in its intercalation reactions to effect separation of fission 
products during reprocessing of spent atomic fuel elements. 

The possibility has been indicated of varying the elec­
trical and thermal properties of graphite to suit specific 
purposes by the intercalation of various materials in the 
graphite lattice. Entirely new anisotropic compound's with 
possible uses as electrical semiconductors may be produced 
by this technique. 

(g) Chemistry of Lithium.-Investigation was com­
pleted of the various methods of extracting lithium salts 
from spodumene. This project, sponsored by the Western 
Mining Corporation, was an assessment of the various 
factors involved in processing hand-picked spodumene, 
cor. ta ining 4.8 per cent. lithium oxide, by such methods 
as roasting \\'ilh lime, sintering with lime and gypsum, or 
extraction hy the sulphuric acid, ion-exchange procedure. 
Although each method gave satisfactory yields of techn.ical­
grade lithium derivatives, the sulphuric acicf, ion-exchange 
process offered the most advantages. 

The conversion of a.-spodurnene to the .B-modification 
by heating the mineral for a few minutes at 1,100° C. is 
a necessary preliminary stage of the acid process and serves 
well to illustrate the scope for increasing the chemic!!I 
reactivity of various minerals by alteration of the crystal 
structure. This has been investigated from several aspect~ 
apart a ltogether from lithium minerals. Various natural 
decomposition products of silicate minerals were studied 
with a view to correlating the general effects of weathering 
with analogous changes effected more rapidly under 
laboratory conditioo.'J 
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(h) Tra11si.tio11 Group Sulphides, &c.-Work on the 
syr.thetic chalcogenides of titanium, zirconium, hafnium, 
and thorium was completed, aocf the results, comprising 
X-ray and structural data, chemical properties, electrical 
properties, and lubrication data, were submitted for 
publication. The chalcogenides of niobium and tantalum 
were also prepared and investigated by X-ray techniques. 

(i) Chemical Crystallography.-Much of the emphasis 
in this subject in the past has concerned the insertion of 
large catior.s into transition metal oxides with a view to 
the formation of semiconducting " bronzes " which arc 
potentially useful industrially. The complementary 
problem is the substitution of smaller ions of different 
valency for the host cations with the consequent creation 
of vacant sites which, if in a sufficiently large concentra­
tion, could modify the properties of the host oxide. With 
the collaboration of the Cement and Ceramics Section. 
a start has been made upon the system CaO-TiO:! with a 
view lo improving the hydration resistance of lime, a 
potentially valuable refractory material. 

(j) Pressure Hydrometall11rgy.-Further kinetic studies 
have been made on the decomposition of sulphide minerals 
in the presence of water and oxygen. Covellite and 
pyrrhotite have been added to the list of mir.erals men­
tioned in the previous report. Reactor design has been 
further improved by incorporating devices for the control 
and measurement of pH during operation and for the 
lntroduclion of samples at a high temperature by means 
of an oxygen blast. A new and larger reactor has been 
built for studying oxygen transfer rates ancF to allow 
recirculation ol oxygen during operation. Applied studies 
have ::ilso been made on the recovery o( valuable base 
metals from pyritic cinder, using oxygen and water as the 
sole reagents. 

Jn the r.on-sulphide field , work is in progress on th~ 

hydrolysis of iron nnd aluminium sulphate solutions at 
temperatures up to 200° C. Under non-equilibrium (i.e. 
short ti me) conditions, the compositions or solubilities of 
the hydrolysis products may vary from those reported for 
equilibrium conditions, and various interesting applications 
of the new results have been envisaged. Iron contamina­
tion in copper calcine liquors can be reduced to a sur­
prisingly low level of autoclaving for a brief period at 
200° C. The pressure technique has also been used to 
accelerate the decomposition of several non-sulphide 
minerals and ores, simultaneously taking advantage of the 
hydrolytic effects to ohtain a purer product. With 
phosphatic uranium ores, for instance, practically all the 
phosphate is removed from the leach liquors as insoluble 
ferric phosphate. during digestion. 

3. CEMENT AND CERAMICS. 

(Division of Industrial Chemistry.) 

(a) Cements and Co11cretes.-(i) Analytical Methods. 
- Members ot the Cement and Concrete Association of 
Australia have expressed a desire for an analytical schedule 
sufficientJy rapid and accurate to be used as a control oo 
all the main components of both raw materials and' 
products in cement plants. Suitable methods are being 
developed, based hugely on the use of the absorption 
spectrophotometer. 

A satisfactory degree of precision of the six main oxide 
components of cements should be attainable in an analysis 
taking only 1 t hr. 

(ii) Cement Characteristics.- The behaviour of mortars 
made from cements of higher sulphate content than normal 
is being examined, at the instigation of Australian manufac­
turers. It has been shown that the strength of such mortars 
may be adversely affected by an increase in sulphate­
bearing components. 

Fundamental studies using various Australian cements 
have shown that for a given cement and a fixed water­
cement ratio, there is a linear relationship between strength 



development and the extent of hydration. The relation 
is linear over a range of water-cement ratios from 0.16 to 
0.80. Temperature variations and the presence of retard­
ing agents appear to be purely kinetic factors, and do not 
affect the basic dependence of strength on the proportion 
of cement hydrated. 

ft has been found that Australian cements often show 
slight premature stiffening in the mixing stage. This may, 
on occasion, increase the water requirement for normal 
consistency, and hence lead to a lower strength than might 
otherwise be obtainable from such cements. A detailed X­
ray examination of these cements has suggested that 
decomposition of the gypsum component may be a possible 
cause of the stiffening phenomenon. 

(iii) Concretes.-Further additives and treatments have 
been studied to improve the workability and durability of 
concretes. The plastic properties of concrete mixes can 
now be varied over a wide range by suitable additions of 
flocculauts, deflocculants, and air-entraining agents. Ex­
tended laboratory trials have shown that concretes can be 
made completely resistant to sulphate attack. 

An examination of the adhesion developed between 
hardening concrete and different liquid and solid substances 
has shown that orthodox form oils and linings can be 
replaced by much more efficient materials. Materials of 
grease-like consistency are better than oils, whilst certain 
plastics have excellent properties as linings. 

In studying the strength components of concrete it has 
been shown that bond strengths between cement paste and 
the surfaces of different rock types exhibit appreciable 
variation. Laboratory determinations of such bond 
strengths can be correlated to some extent with the strength 
of concretes as determined in the field. 

ln view of tbe variation in concrete strength with dif­
ferent rock types, a collaborative project with Australian 
cement manufacturers has been instituted, to determine 
whether more consistent results are possible in concrete 
testing when a standard aggregate is used, than when the 
choice of aggregate is left to the individual testing 
authority. 

( b) Refractories.-(i) Cement Kilns.-The behaviour 
of rotary kiln linings has been investigated further, with 
particular reference to the effects of kiln distortion. 
Measurements have been made on operating kilns in several 
cement plants, and some instances of appreciable flexing 
of the shells have been encountered. Corrective measures 
have been recommended and are being adopted. 

(ii) Silica Bricks.-As low porosity is an important 
requirement in silica refractories, particularly those used in 
steel production, the factors which control this property 
have been examined. Notable reductions in porosity can 
be made when special raw-material gradings are used in 
conjunction with small additions of boundary-layer 
lubricants in the pressing stage of fabrication. 

Further work on the embrittlement of silica bricks in 
reducing atmospheres has not given a clear picture of the 
mechanism involved, although the effect has been demon­
strated with further samples of refractories from overseas 
sources. 

(iii) Cermets and Oxide Refractories.-Experimental 
turbine blade shapes have been fabricated from a modified 
alumina-chromium cermet. A titanium carbide-nickel 
alloy cermet has been used in the construction of dies for 
the application of hot-pressing techniques to reactive raw 
materials. Hot-pressed and sintered thoria bodies have 
been fabricated for the Australian Atomic Energy 
Commission. 

Composite ceramics of high electrical conductivity have 
been prepared for evaluation as heating elements. The 
metallic characteristics of these composites are due to the 
presence of molybdenum disilicide. 

The projects on the slip-casting and sintering of mag­
nesia and lime has been completed. Studies aimed at 
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increasing the stabilization of lime have shown that some 
success can be attained through the addition of elements 
of higher valency to the oxide system. 

(iv) Brow11 Coal Ash.-This work is reported on in 
Chapter XIX., Section 5. 

(c) Ceramics.-(i) Clay lnvestigations.-Samples of 
kaolins, plastic clays, bentonites, and related raw materials 
submitted from deposits in all States were examined and 
assessed for potential utility in various industries. Detailed 
investigations of the Egerton and Heyfield deposits were 
made. 

Further studies on the nature and behaviour of halloy­
sites and vermiculites were made. By analogy with carbon­
vermiculite complexes, a method of preparing carbon­
montmorillonite complexes was developed, and sufficient 
material of this type is now available for evaluation as a 
potential pigment. It is also an efficient adsorbent, and 
should have useful molecular sieve properties. 

(ii) Whiteware.-Several problems involving experi­
mental and advisory work were submitted by industry, 
including the development of a wall-tile body resistant to 
moisture expansion, the cracking of drain tile during firing, 
clay preparation difficulties in the compounding of table­
ware body, the improvement of artware body colours, and 
t 'le production of lead silicate fr its. 

(iii) Adelaide Laboratory.- With the renewed support 
of the South Australian Government for a period of two 
years, several reports on raw materials have been issued, 
and special investigations are in progress on the suitability 
of shales for brick production, and on the characteristics of 
clays used in roofing tile manufacture. 

4. FOUNDRY SANDS SECTION. 

(Division of Industrial Chemistry.) 

A laboratory, located in the Metallurgy Department 
of the Royal Melbourne Technical College, is equipped for 
the study of foundry problems with special reference to 
moulding sands, and for assistance to industry. A catalogue 
of Australian moulding sand deposits is maintained, and 
new sources are continually being investigated to assess 
their usefulness in the foundry industry. T he need for 
improved surface finish in castings has stimulated study of 
the production of fine sands as base materials. 

A study of the formation of " buckle and scab " defects 
in castings bas shown that these are due to the very rapid 
expansion of the thin crust of sand adjacent to the molten 
metal and not to the expansion of the whole mass of sand. 
The equipment is being designed for routine control tests 
in foundries. 

The Section is studying the effect of adding small quan­
tities of various salts to clays for synthetic sands. Such 
additions cause a significant change in the strength pro­
perties of the sands, especially on drying. It has been 
shown that the effect is not due to an alteration in the 
hydrogen ion concentration, as other workers have 
maintained. 

One of the Section's officers who bad worked at the 
Tin Research Institute in England on the production of 
steel-backed aluminium-tin bearings is now assisting an 
Australian automotive. company in the production of such 
bearings. A method has been developed of casting duplex 
bearing alloys. 

To develop a nearby source of sands for foundries at 
Geelong, methods are being investigated for separating 
finely divided shell from the sand in deposits on the 
Bellarine P eninsula. 

5. PHYSICAL CHEMISTRY. 

(Division of Industrial Chemistry.) 
(a) Conservation of Water.-The e11.-periment at 

Stephen's Creek Reservoir, Broken Hill, using cety! alcohoi 
dissolved in a solvent, was continued until September, 
J 957. Between December, 1956, and September, 1957, 
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evaporat_ion was ~educed overall by about 32 per cent., Difficulties in tbe determination of the heats of mixing 
there bemg a noticeable trend towards reduced effective· 0£ two liquids at elevated temperatures were overcome in 
ness of the film during the winter months. As a result ot a new cell in which a membrane separating the liquids is 
~his experiment, some features of the process which require ruptured. Measurements were made on mixtures con-
1mprovemeut became apparent. In particular, spreading taining acetone, ethanol, nitrometban.e, and acetonitrile. 
of the film from the floating drops of cetyl alcohol solution (e) Chemical Effects of High Pressure.-Study is con­
was ?ften retarded by film already present. A new type tinuing of the effects of pressure on the rates of equilibria 
of dtSpenser, capable of minimizing this fault, is being of important reactions in solutions as these will ailow 
developed. prediction of the types of reaction favoured by pressure. 

lt has been found that some commercial samples ot lo the range 1-10,000 atmospheres, a detailed study has 
cetyl alcohol diminish in spreading power when left floating been made of the errors introduced by the unavoidable 
on water. The change was traced to a phase transition b.eating during compression. The principal development, 
which occurs when the cetyl alcohol reaches a temperature however, is the introduction of a new technique for pro­
which depends on impurities present in the cetyl alcohol. ducing extreme pressures for short periods. When an 
The transformed material does not spread as well as the explosive is detonated in contact with a solid or a liquid, 
original material. a strong shock wave is driven into the material. The 

The small-scale process for reducing evaporation, which shock causes a sudden increase both in the temperature and 
uses floating containers filled with beaded cetyl alcohol, pressure, and in a typical solid these may reach l,500° K. 
is at present in wide use. Some have found difficulties with ar.d 250,000 atmospheres respectively for a few millionths 
the process; a few disappointing results, probably due to of a second. Under these conditions a typical non-metal 
faults in the cetyl alcohol, have been reported, but most : such as sulphur develops metallic properties, and water 
troubles have followed heavy clogging of the containers. becomes highly ionized. Both effects were expected on 
Advice on these matters has been given, and new methods : theoretical grounds. 
are being investigated of storing solid cetyl alcohol on a (f) The Chemistry of Carbon.- Earlier work em-
water surface. pbasized the unique character of activated carbon when 

( b) A 11 Ion-exchange Process for the Recovery of considered as an organic polymer. Unlike other organic 
Uranium from Ore Slurries.-Researcb continued on the polymers it is an excellent conductor of electricity, it is 
jigged-bed process for the recovery of uranium abnormally hard, and it possesses unique ion- and clectron­
by a continuous ion-exchange process without filtra- exchange characteristics. These aspects are being studied 
tion of the leaching liquors. Jn conjunction with further. 
Territory Enterprise~ Proprietary Limited, a pilot (g) MeLal Organic Complexes and Enzymes.-Some 
plant was operated successfully on an ore not metal-organic complexes behave like the cuzymes that are 
readily amenable to conventional treatment. The important in biological processes. The mechanisms were 
jigged-bed process appears to be cheaper to operate than investigated of the decomposition of water by cobaJto­
tbe conventional process irrespective of whether the ore, cyanides to give hydrogen, the evolution of oxygen from 
after leaching, is difficult or easy to filter. hydrogen peroxide by the enzyme catalase, and the uptake 

The mechanical development of a commercial unit of oxygen by the enzyme cytochrome oxidase. 
having a diameter of tour feet was completed by the That an aqueous solution of potassium coballicyanide, 
Permutit Company Limited, of London, which has been when illuminated by light of wavelengths up to 4,900A, 
granted licences to use this group of patents, and this unit produces a highly reactive complex wh ich is capable of 
will be installed in the near future for further testing al decomposing water with liberation of hydrogen gas suggests 
Rum .I ungle, Northern Territory. that solar energy might be used to generate a fuel, 

(c) Chemistry of Tar from Lurgi Gasification Plant.- hydrogen, from water. 
The investigation of the constituents of tar from the Lurgi (h) Nucleation to Form Jce.-The action of silver 
gasiikation plant of the Gas and Fuel Corporation of iodide in the formation of snow in-and hence rain from 
Victoria was continued. The tar was separated into several -a cloud is still incompletely understood. T he effects 
fractions boiling between 40 and 400° C. and then of silver iodide on -supercooled clouds and on supercooled 
further separated into phenols, bases, and hydrocarbons. water droplets have been compared with the growth of 

The lower boiling mixtures of hydrocarbon were ice from the vapour directly on to silver iodide particles 
separated further by adsorption into fractions containing resting on a glass substrate. All three methods give 
paraffins, olefins, and aromatics from which the com- substantially the same results, except the experiments on 
ponents are being prepared by fractional distillation. Gas clouds appear to be particularly sensitive to accidental 
chromatography is being used to identify and estimate the contamination and therefore require stringent precautions 
individual hydrocarbons present in the tar. if the results are to apply generally. 

Vapour-phase chromatography bas also been used by The activity of silver iodide as an ice nucleus varies 
officers of the Organic Chemistry Section to analyse the according to the manner in which the sample is prepared, 
mixture of phenols present in the tars. A crude tar acid the most active form being that prepared by treating a 
mixture can now be examined. First, a large vapour-phase silver smoke with iodine vapour. 
chromatographic unit resolves the crude phenols into It is known that exposure of silver iodide to sufficient 
several fractions of a few grams and these are then resolved light renders the material useless as a seedling agent; this 
on the analytical column. The two columns employ failure is common to all samples yet prepared. Special 
different stationary phases. The combined process gives a preparations containing small amounts of lead or cadmium 
quantitative analysis for most of the lower-boiling phenols are less affected by light, but this advantage has invariably 
with a speed not possible with normal fractional distillation. been offset by a reduction in intrinsic nucleation efficiency. 
The extent to which the method is applicable to higher Of special interest is the discovery that ion relatively 
phenols bas yet to be determined. free from oxide has a nucleation efficiency equal to that 

(d) Properties of Liquids.- The properties of liquid of silver iodide. 
mixtures determine the ease with which many separations (i) Fire Research.-Research on. the fighting of bush­
may be effected in industrial distillations. A new formal fires has continued in both the laboratory and the field, 
approach to the theory of mixtures has unified the various although the short duration of most bushfires visited 
approximate theories and indicated how more accurate limited field programmes. Nevertheless, data gained have 
information may I.le obtained. Numerical calculations been used in the design of a model fire to simulate 
were made for this generalizecF theory and suitable com- bushfire conditions in the laboratory. 
putational methods were deve.loped for tbe solution of A cream' containing aluminium fi~ke which insulates the 
bilinear simultaneous equations arising in most theories of skin has been produced for protection of fire fighters and 
associated liquids. for people working in hot or subzero environments. 
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Although it .is believed that much of the fatigue of fire· 
fighting a1ises through the attack of smoke on the eyes, 
goggles are not favoured because the lenses quickly 
become dirty and distract the wearer. This difficulty ha·3 
been partly overcome by placing wire gauze against th.e 
lenses; the eyes accommodate themselves to the uniform 
" di rt " pattern which in turn distracts tbe eyes from notic­
ing the genuine smuts oo the surface. Field experience 
is still required with these. 

A ttempts to fireproof bark have been encouraging and 
the laboratory findings have been checked under actual 
burning conditions, but further tests are required. A 
sufficiently cheap material would greatly improve fire­
breaks and facilitate control burning. The use ol 
explosives to fell burning trees when conventional methods 
are unsuitable is being examined. 

(j) Oxidaton with Air and Water.-Many common 
m ateri<1ls such as paint break down rapidJy umler atmo5-
pheric conditions. Some of this breakdown is atLributed 
to the formation o( hydrogen peroxide, and methods o( 
detecting peroxide have been examined. Other authorities 
have claimed that one of the more sensitive methods is to 
expose photographic plates LO the area where peroxide is 
forming and then to develop the plate. The image forms 
on the plate, bowever, only if o"ygen or hydrogen 
peroxide and water are present, although heat radiation 
also contributes to an unspecified extent. This 
phenomenon, known as the Russell effect, is shown by 
carbon blacks, but, in contradiction to results obtained by 
other workers, there is no obvious relat ion bztwecn 
fogging ability and the peroxide content of vario~1s car­
bons as determined by different chemical methods. The 
effect is strongest with red-sensitive plates, wh;cb do not 
respond to peroxide. 

6. CtrEMJCAL PHYSICS. 

(Division of Industrial Chemistry.) 

(a) Protein Structure Investigatio11s.-This work is 
described in ChapLer XVI., Section l 0. 

( b) Chemical Physics of the Solid State.-Stud y has 
continued of the production and properlies o.f various 
kinds of defect in crystals and their bearing on chemical 
and physical properties of solids. 

Further theoretical work, based on calculations of the 
energy levels of clusters of F centres in ionic (alkali 
halide) crys tals, has been conducted. Attempts have been 
made to interpret some of the phenomena of aggregation 
of F centres. 

Study has proceeded on the mass transport in zinc oxide 
and on oxidation of the metal. The capacity-type 
di[crential manometer developed for this work has be:::n 
refined, and an abwlute gauge capable of measuring 
accurately to 10-1 mm. of mercury has resulted. Growth 
mechanisms of zinc crystal have been studied micro­
scopically from both vapour and liquid phase. 

The phosphorometer has yielded valuable results on the 
decay processes involved fo solid-state phosphorescence. 
instrumental techniques and numerical analyses have been 
improved greatly. One system is now being investigated 
in some detai l, and the nature of decay mechanisms have 
been clairfied. It is clear that several processes proce :d 
simultaneously. 

Wor!\ has continued on the photoconductivity ot 
cadmium sulphide. Single crystals and evaporatc-d layer!'> 
have been produced under a variety of conditions and 
chcir properties have been observed. Long-term exposure 
of the evaporated layers to an electric field results in 
electric breakdown of the crystals. Zone refining of the 
materials involved ha3 been necessary to produce the 
required purity. The way in which optical absorption 
bands in solids change with temperature has also been 
studied. A theoretical model for optical phenomena 
associated with the long-wavelength absorption " tail " of 
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evaporalcd layers has been studied, together with other 
departures of evaporated layers from ideal thcoreticaJ 
models used in the past. 

(c) Molecular Structure Studies.-(i) Electron-lmpac1 
Studies.-A study has been made of the accuracy which 
can be obtained in the measurement of ion appearance 
potentials, using the second derivative method, and all the 
factors which affect the measurements have been carefully 
evaluated. It has been shown that under favourable 
conditions accuracies of ± 0.01 eV can be achieved, even 
though the electron beams used have energy spreads of 
0.5 eV. 

(ii) Photochemistry.-An examination has been made 
..>f the mercury-photosensitized reactions of hydrogen and 
carbon monoxide, as part of a more complete study of 
the formyl radical. 

(iii) Structure Analysis by Electron Diffraction 
Methods.-Siogle-crystal studies on some aromatic poly­
..:arboxylic acids have revealed a remarkable range of dis­
ordered sublattices not detectable by X-ray diffraction 
inethods. 

(iv) Calculation of Molecular Energy Levels.-Previous 
calculations on the energy levels of any but the simplest 
diatomic molculcs failed to yield results in agreement with 
the thermochemical and spectroscopic data. However, 
by taking into account the appropriate valence states of 
the atoms rather than their spectroscopic ground states, 
calculations have been made for the first-row hydrides 
(BH, CH, NH, OH, and FH) which account satisfactorily 
for Lheir thermochemical and spectroscopic properties. 

(d) Development of Specialized Instruments and Tech­
niques.- The Section has continued the development of 
new techniques and the design and construction of new 
instruments for application to chemico-physical problems. 
Frequently, such inslruments prove to be o f wider use 
than was originally envisaged, and in several instances 
commercial instrument firms have shown interest in 
acquiring the manufacturing rights. 

(i) Optical and Spectroscopic Instruments.-The Sec­
tion has devoted au increasing effort to the design and 
development of optical and spectroscopic equipment. This 
work has necessitated the formation of a specialized optics 
group and the provision of facilities for making optical 
components. 

Work has been devoted primarily to the development of 
apparatus for the solution of specific problems, with 
emphasis on simplicity of design and ease of production 
under Australian conditions. Ins truments developed by 
the spectroscopic group are already being produced over­
seas, and the possibility is constantly kept in mind that 
these. and other instruments which may be developed in 
the future, will be manufactured in Australia. 

A commercial high-performance spectrograph which 
normally ~equircs to be operated in a room whose tempera­
ture is rigidly controlled has been redesigned. T he re· 
design dispenses with the necessity for temperature control 
and greatly reduces the cost of manufacture and the diffi­
culty of alignment. This is of special relevance to Aus­
tra.lian conditions. 

The problem of obtaining measurements of the light 
scattered by absorbing solutions-the so-called R aman 
spectrum-is one of long standing. A new type o( Raman 
light source has been developed which is applicable to 
either coloured or colourless solutions. The new source 
is much simpler and cheaper than existing Raman sources. 

During the year the vacuum ultraviolet spectrograph, 
built by the Section in 1951, has been converted to a mono­
chromator. This employs a new type of concave-grating 
mounting which is of extreme simplicity and may find 
wide application in other spectroscopic instruments. An 
important characteristic of this new mounting is its com­
pactness, a featu re which is of particular value if the 
instrument has to be evacuated, as is necessary for the 
.rcgio11 below 1,800A. 
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Encouraging preliminary results have been obtained 
from the application of the "curve follower", described 
in last year's Annual Report, in the conversion of a single­
beam, infra-red spectrometer to a double-beam spectro­
meter using the " memory " principle. 

Attention has been devoted to the design of the elec­
tronic equipment, such as power supplies, amplifiers, 
recording systems, etc., which is used in the production and 
measurement of radiation. For example, the electronic 
equipment used in the atomic absorption spectrophoto­
meters introduced and developed by the Chemical Physics 
Section has been greatly simplified, and several units have 
been produced by a local manufacturer. 

(ii) Electron-Microscope lnstrwnents and Techniques. 
-During the last decade, evidence has accumulated that 
it may be possible to devise electron lenses of a quality 
sufficient to permit the resolution of at least tbe heaviest 
atoms. To test this possibility a high-quality objective lens 
and power supply have been designed and are almost ready 
for installation in the Division's electron microscope. 

The techniques used for the fixation and embedding of 
tissue for electron microscope examination are much less 
satisfactory for plant than for animal material. A critical 
examination is being made of the effectiveness of a variety 
of fixatives and embedding materials. The best results 
have been obtained in the study of young plant materials 
in which the cells closely resemble animal cells. 

Much more uniform sections can be cut with uJtra­
microtomes if the specimen movement past the knife is 
extremely slow. A variety of mechanisms for achieving 
this without diminishing the rate of sectioning has been 
examined, and the most satisfactory has been built into a 
microtome developed in the Chemical Physics Section. An 
Australian company has begun manufacture of this type 
of ultramicrotome. 

To build up a three-dimensional model of the cell struc­
tures observed in electron micrographs of tissue sections, 
it is necessary to examine a series of successive slices. Until 
recently the weakness of supporting films seriously limited 
this possibility. Composite films of plastic and evaporated 
carbon, lithium fluoride, or silicon monoxide have been 
developed which are so strong that they can be used to 
support ribbons of sections over areas 2 mm. in diameter 
without obstruction and which are sufficiently thin to 
permit use of the full resolving power of modern electron 
microscopes. 

( iii) Deve/opmenl of New Techniques in Structure 
Analysis-Physical Optics Theory.-About three years 
ago, a chance observation led to the discovery of a new 
optical phenomenon, namely, the formation of multiple 
images of periodic objects without the aid of any lens or 
other optical component. These effects were interpreted 
theoretically and the results were checked by laboratory 
experiments with visible light. Magnified images of periodic 
objects could be obtained with good resolution merely by 
illuminating them with a suitable small source of light. 
By usiog electrons instead of light it may be possible to use 
this effect to improve the effective resolution of an electron 
mjcroscope to the point where the atoms in a crystal lattice 
become visible. 

The most far-reaching development from tbjs observa­
tion, however, has arisen on the theoretical side. As the 
conventional methods of treating optical problems proved 
cumbersome when applied to the formation of the images 
of periodic objects, a new direction of attack was tried, 
makino use of the properties of the convolution integrals 
widel/' used in the mathematica l theory of diffraction pro­
cesses. This method proved successful, and was gener­
alized to form the basis ror a new formulation of physical 
optics which could be applied to the solution of problems 

i111 many different fields, including radio astronomy, micro­
scopy and telescopy with visible light, X-ray diffraction, 
electron diffraction and microscopy, and nuclear physics. 

This new formulation has been applied to electron 
diffraction and microscopy. Jn these fields the theory 
,generally used, the kinetic theory, is actually an approxi­
mation which is valid only for zero crystal thickness and 
may often be greatly in error in practice. T he standard 
wave-mechanical, or dynamic, theory, although valid for 
crystals of any thickness, can be evaluated only in a few 
very specialized examples of limited interest. The new 
formulation has made possible a new line of attack on 
problems in this field. Although a completely general 
treatment of the scattering of electrons by crystals has 
not yet been made, interesting results have already been 
obtained for several problems which had previously proved 
intractable. 

For ex.ample, the dependence on crystal thickness has 
been calculated for the intensities of the spots in the single­
crystal spot patterns which form the basis of the techniques 
recently developed for determining the structure of sub­
microscopic crystals. Previous predictions that increasing 
thickness would make the spot patterns unusable were 
wrong, but new, more powerful methods of structure 
analysis can be developed by making use of the variation 
with thickness. 

Improvements in the technique of electron microscopy 
have enabled several electron microscop.ists to record 
periodic structures in images of crystals. !f'hey interpreted 
them as corresponding to the molecular structure of the 
crystals. The extent to which an electron microscope 
image of a crystal lattice can be said to represent the crystal 
structure was in doubt. The new formulation has supplied 
the answer. TI1e kinematic theory arguments used to date 
to interpret the images of crystals are usualJy quite mislead­
ing and may give rise to false conclusions, especially when 
the crystals are bent or slightly out of focus, as often 
occurs. 

Related subjects treated using the new formulation 
include the electron diffraction and microscopy of dis­
ordered crystals and of superimposed crysrals giving rise 
to moire-like fringes and images related to the crystal 
lattice structure. Some work has- been done on the degree 
of coherence of electron beams used experimentally, and 
on the scattering of electrons by atoms, which is of basic 
importance for structure analysis. 

Applicatio;·.s of the formulation to radiation other than 
electron beams have not been developed to such au extent. 
Possible uses have been indicated in the design of light­
optical instruments and instruments for radio astonomy. 
The mathematical techniques themselves may fincf applica­
tion in the treatment of statistical problems. 

The theoretical predictions have been tested by experi­
ments with visible light and suitable test objects. The 
agreement obtained has invariably been good. Experi­
ments with electrons to confirm directly the predictions 
relating to electron diffraction and microscopy have as yet 
been limited and of a rather qualitative nature. 

(e) Collaborative and Service Work.-The following is 
a selection of problems undertaken for industry, universi­
ties, and other parts of the Organizatioo:-

(i) Elec/ron Microscopy.- Investigation of chloro· 
plast and tonoplast structures; measurement 
of particle sizes in silver sols. 

( ii) X-ray Diflraction.-Phase identification of silver 
iodide specimens; examination of cetyl alcohol 
samples. 

(iii) Elecrro11 Diffraction.-Examination of corrosion 
products in gauges; surface contamination of 
molten silicon. 

(iv) lvfass Specrroscopy.-Measurement of H-D ratios 
in wa1er samples; analysis of gaseous photo­
chemical products; impurities in i1cetylene 
samples. 
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l v) Spectroscopy.-lnfra-red spectroscopic study of 
quinolones, of Australian pitches, of isothio­
ryanatcs, and o f phthalimide derivatives; infra­
red spectroscopic analysis of soil air samples 
and of cyanidation liquors; measurement of 
infra-red rcncctance spectra. Spectrochemical 
analysis for 1racc clements in dried blood 
s:implcs. 

(/) lnstrrunent Laboratory.-Major items completed 
this ye::ir include: Raman source, caesium iodide prism, 
counting head. split-beam photometer, photomulliplier 
power supplies and amplifiers, casing for electron micro­
scope projector lens, mercury diffusion pumps, rebuilding 
of vibrating recd clectromcter, and temperature-com­
r>cnsatcd mirror mount. 

7. 0ROANIC CHEMISTRY. 

(Division of lnc.Justrial Chemistry.) 

Research of the Section has received valuable stimulus 
from the support of an American pharmaceu1ical com­
pany, which has financed the appointment of a research 
officer and assistant to undertake the isolation and struc­
ture determination of new alkaloids. The company has 
a lso contributed towards the cos! of collecting plant 
materials, will itself undertake the pharmacological assess­
ment of cruc.Je :ilkaloidal extracts prepared in the Section, 
and will report on irs findings. 

T he :ic1ivities of the microanalytical laboratory, operated 
jointly with the Chemistry Department of the University 
of Melbourne, have continued unchanged. Other facilities 
of the Organic Chemistry Section have been of value to 
research workers from outside, particularly a vapour-phase 
chromatogr:iphie uni t incorpora1ing a robust but se~ sitive 
gas-density balance. The laboratory for large-scale opera­
tions has in the past supplied several plant extracts to 
University research workers engaged in the field of natural 
products. Recently installed equipment includes an 
extraction unit which replaces improvised units and is 
capable of handling 3-4 cwt. of material per batch. 

(c1) Wool Wax.-This work is described in Chapter 
XVI., Section 4. 

(b) Sugar Cane Wax.- Following on the demonstration 
that the method of refining sugar cane wax with light 
petroleum and ethanol presented no difficulties when 
operated on a larger scale, the possible uses of the wax 
in wax emulsio::s of the "self-polishing " type have been 
examined. 1t proved possible to replace more than 80 per 
cent. of carnaub:i and other imported waxes io polishes 
of this type. 

An approximate estimate of the cost of producing this 
type of wax has been made. Final costs are largely 
dependent on the cost of the crude wax made available, 
but a competitive price appears possible. The information 
obtained hM been made available to the Bureau of Su!!ar 
E xperiment Stations of Queensland, which has in h;nd 
the production of the crude wax . 

The cost of the crude wax is such a large proportion 
of the final cost of the refined wax because about half is 
discarded as a fatty by-product with little or no market 
value as such. The conversion of this " fat " into materinls 
of commercial value may be possible, as it contains among 
other ingredients 4 per cent. of sterols, of which a large 
proportion is stigmasterol. 

(c) Plant Alkaloids.-The grant of £6,000 per annum 
from Smith, Kline, and French Laboratories to further 
work o:i the pharmacologically active constituents of 
Australian plants, and reference to which was made in the 
previous Annual Report, became effective from January, 
J 958. Already. sufficient species have been screenec.I 
pharmacologically to permit a preliminary assessment of 
the results. Approximately 25 per cenl. of the samples 
submitted h:ive ~hown :ie tivity warrnn1ing isolation of the 
constituenl alkaloids for further testing, and several samples 

have shown considerable promise. Some progress has been 
mac.le with 1he investig::tion of certain of these more 
promising species. Several new alkaloius have been 
isolated in the course of the work. 

Work bas continued on the alkaloids of Alsto11ia con­
stricta, Kopsia longiflora, Cryptocarya pleurosperma, and 
L1111asia quercifolin. The structure of the principal water­
soluble Lwwsia base has been determined, together with 
that of the artefact to which it gives rise under alkaline 
conditions. Further pharmacological testing of the 
vesicant alkaloid cryptoplcurine, from the bark of C. 
ple11rosper111a, has been arranged, and the structure of 
another novel alkaloid from lhc leaves of this species is 
under examination. 

In atfdi1ion to general pharmacological screening, a 
number of subsl:mccs, and extracts, have been submitted 
to the Victorian Cancer Institute Board and to the Cancer 
Chemotherapy National Service Centre (U.S.A.) for 
antitumour testing. 

(d) Stock Poiso11s.-Collaboration has continued with 
the D ivision of Animal Health :ind Production (see Chapter 
Y., Sec1ion 11 (e)) h l~e investiga1ion of plants poisonous 
to stock. The problem of collecting materials for stock 
poison work :ind' of making them available in bulk for 
laborato:r work before they dclcriorate bas been solved 
by the provision· by the Division of Animal Health and 
Production of a mobile crop drier. This equipment has 
proved very saiisfoctory under a variety of field conditions. 

Further examples of non-estcrified pyrrolizidine alkaloids 
have been isolated from Crota/aria goreensis and C. 
a11ngyroides, lhe major components of which have been 
found to b.! 7-hydroxy-1-mcthyl-1,2-dehydropyrrolizidinc 
and 1-methylencpyrrolizidine respectively. Acute toxfoity 
tests carried out by the Division of Animal H ealth and 
Produclion have shown that C. /a11ceo/ata contains one or 
more substa nces of very high toxicity, and isolation of 
these is bei~1g :it~c~pted. Efforts to isolate the previously 
reported m1kano1drnc from Sc11ecio miknnioides were not 
successful ; under Australian conditions the predominant 
alkuloid of this species is s:irrucinc, which was found to be 
a dies~cr of pl~tyne~inc, the 7-hydroxyl group being csteri­
fi::d wtth angelic acid and the 1-hydroxymethyl group with 
sarraccnic acid. A reinterpretation of data oa the st ruc­
ture of jacobine, the principal alkaloid of Senecio ;ncobea, 
has been made by a guest worker. T he proposed structure 
is not only consistent with the available evidence but also 
fits into the structural p:ittcrn of other Senecio alkaloids. 
A method has been devised for reformina an alkaloid 
such as heliotrine from its component acid and amino 
:.i.lcohol. The way is thus opened for systematic study of 
~ ,1e s~ructural features necessary for liver-damaging activity 
10 this ~rou~ o~ compounds. Work is proceeding to isolate 
t~e ~ox1e pr10c1iJl~ of A talaya ~1emig/a11ca, but attempts to 
o.otam dry material of Phnlar1s 111berosa which will give 
nse. to the .. staggers" syndrome when fed to sheep have 
agam been unsuccessful. 

(c_) Root Exudates.-Production of radish root exudate 
required for study of the Pellic11/aria fi/amc11tosa stimulant 
h~s now bee~ placed on a snti~factory routine basis. Like­
wise. the b1oass;~y mcU10d 1s now operating smoothly. 
Treal~ent of rachsh r~ot exud~te with ion-exchange resins 
has yielded three active fracllons. Further attempts are 
in progress. to isoltHc the stimulatory substances present in 
these fractions. Many water-soluble compounds of low 
~olecular weight whic~ mig~t be expected to be present 
1n 1h~ ro~L exudate, mcludmg sugars, carboxylic acids, 
and v1tam10s, have been screened for ability to stimulate 
the ~rO\~th o.f the fun gus, but with the possible exception 
of nrcounam1de all have proved to be inactive. 

l nvestig:ition of Dackliousia ang11stifolia in collaboration 
'~it h the Division of Plant Industry (see Chapter ill., Scc-
11on 12 (a)) revealed thnt, a lthough the species contains 
nngustionc, or dehydroangustionc, both of which strongly 
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inhibit germinati.o~ of hoop pine and other species under 
laboratory cond1t1ons, the B. angustifolia Jitter had no 
influenc~ on. hoo~ pine germination in a field experiment. 

fovest1gat10~ of the root exudate of subterranean clover 
contmues, to isolate substances believed to influence the 
course of noduJation by Rhizobittm. A unit which maio­
tains reproducible environmental conditions for growing 
the plants has been constructed and is operating success­
fully. 

(/) Fats and Related Long-chain Compounds.-(i) 
lnsecticides.-One group of naturally occurring insecti­
cides of considerable potency is known to comprise the 
isobutylaroides of polyunsaturated fatty acids. The 
length of the carbon chain in these active natural com­
pounds ranges from ten to eighteen, and tbe degree and 
location of the unsaturation necessary are uncertain. The 
preparation of. the isobutylamides of several long-chain 
unsaturated acids has been undertaken to discover the 
structural features needed for high insecticidal action. The 
carbon chain length chosen for these compounds was 16, 
being that present in the widely available palmitic acid. 
The isobutylamides of all four possible 2, 4-hexadeca­
dienoic acids have now been prepared and submitted to 
the Division of Entomology for testing. 

(ii) Tigaso Oil.-Tigaso oil from a New Guinea tree 
Campnosperma brevipetiolata of the Anacardiaceae is still 
under investigation. A complete structure has been 
assigned to its optically active, non-phenolic compound. 
It represents a new type of long-chain alkylated hydroxy­
cyclohexane and displays interesting biogenetic relation­
ships to the characteristic vesicant phenols of this family 
of the Anacardiaceae. One of the obscure chemical re­
actions of this interesting compound has now been made 
clear. In cold alcoholic alkali it cyclizes rapidly, with 
optical inversion, yielding a long-chain bicyclo-nonane 
derivative; in warm alkali this reacts with optical inversion 
to produce a 1,3-cyclic dikelone. 

The principal constituents of the exudate from a related 
species, Campnosperma auriculata from Malaya, have been 
identified; in addition to the chemicals reported previously, 
it has now been found LO contain small quantities of long­
chain-substituted quinols, and provides the first example of 
the natural occurrence of dibydric phenols of this class. 

(iii) Chemistry of Fatty Acids.- Tbe competition be­
tween synthetic surface active agents and soaps makes it 
increasingly difficult to absorb surplus animal fats, and for 
this reason two new investigations related to the chemistry 
of fatty acids have been commenced. The first concerns 
the preparation of substituted sebacic acids that could be of 
value as plasticizers and as low-temperature lubricants. It 
has been confumed that the erylhro-dibydroxy stearic acid 
prepared from oleic acid was transformed in fused alkali 
to a-hydroxy-.a-octylscbacic acid, and it has also been 
shown that the isomeric dihydroxystearic acid, now the 
more easily prepared from oleic acid, is likewise con­
vertible to this substituted sebacic acid. Considerably im­
proved yields have been obtained. Conversion can be 
achieved in aqueous alkali under pressure, but with, as 
yet, diminished yield. 

Esters of this hydroxyoctylsebacic acid have been shown 
to be efficient plasticizers for polyvinyl chloride. 

The second investigation seeking the means to attack 
long-chain compounds such as stearic acid at positions 
normally unreactive bas continued. The procedure 
examined involved the use of strong oxidizing agents upon 
the material, which could be stearic acid, while firmly 
adsorbed. Several agents were tried under a range of con­
ditions without achieving any certain result, until it was 
discovered that in the crystal of the organic chemical the 
normally reactive positions were sufficiently protected 
from attack and positions usually viewed as inert were 
vulnerable. For example, cholesterol in the crystalline 
condition is oxidized preferentially at the 26 position by 
Fenton's reagent. 

. (g) Phenols of Brown Coal Tar.~Iovestigation con­
!mued on. the ~eparation of phenols from the tar produced 
m the gas1ficat1on of brown coal by the Lurgi process. 

(/z) MisceJlaneous.--Some early observations in terpene 
chemistry have been interpreted in terms of stereochemicaJ 
theory. Configurations have been assigned to nine 
compounds and the mode of addition of the elements of 
water to olefines has been discussed. 

8. CHEMICAL ENOINEERlNG. 

(Division of In.dust.rial Chemistry.) 

lu an attempt to meet the demand from industry for 
services, it is proposed to extend considerably the scope of 
the Section's activities and to subdivide the Section into 
three main groups: a process group, which will incor­
porate most of the activities of the Section as at present 
constituted, a unit operations group, and a fundamental 
group. Steps have been taken to recruit a leader for the 
unit operations group, and work will be instituted as soon 
as possible on operations involving solids handling, e.g. 
comminution and solids separation. The work for the 
past year, however, bas followed mainly on the same lines 
as those of the previous year. 

(a) Utilization of Brown Coal.- This work is described 
in Chapter XIX., Section 5. 

(b) Generdl Process Development.-(i) Fluidized Bed 
Roasting of Copper Concentrates.-Experiroental work 
associated with the programme of tests in the 12-in. 
diameter roaster was completed early in the year. 
Following the completion of calcine leaching and electro­
lysis experiments by the Minerals Utilization Section of 
the Division, an cv::iluation of the overall process was 
undertaken. This work is reported under the heading of 
Minerals Utilization (see Section 2 (a)). 

(ii) Rutile from llmenite.- Under the sponsorship of 
four Australian companies, work commenced in 1957 on 
a project aimed at the evaluation and development of a 
new process for the production of granular rutile from 
ilmenite. This process consists of two main stages, 
namely, the reaction of ilmenite witb sulphur vapour at 
700-850° C., and a hydrothermal oxidation of the sul­
phided product, performed in an autoclave at 100-140° C. 
In the second stage, iron compounds are removed, leaving 
skeletal aggregates of substantially pure titanium dioxide, 
and elemental sulphur is recovered. 

Study. of the ilmenite-sulphur system has been per­
formed m a small, batch-operated, fluidized bed reactor. 
This has provided quantitative information on the con­
ditions required for production of an optimum product, 
and the factors influencing sulphur utilization. Design 
data for a practical reaction system have also been 
obtained. Attention is now being directed to a systematic 
study of the second stage of the process, and to methods 
of separating contaminant materials other than iron from 
rutile. 

(c) Process Equipment Laboratory.- This laboratory 
provides a range of chemical processing equipment which, 
in addition to meeting the requirements of the Division 
is available for use by other Government departments antl 
by private firms. During the year the laboratory handled 
six projects from within the Division, and with staff pro­
vided by tile companies fourteen projects were under­
taken for private industry. 

Assistance was given to the Department of Defence 
Production in developing a process for producing 
isopropyl acetate which was urgently required by the Royal 
Australian Air Force. 

Work on the utilization of solar energy continued and 
included studies on the commercial drying of grapes and 
peanu!s. Assi~tance was also given to the Physical 
Chemistry Section on the bushfire project. 
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XVIII. MTNERAGRAPHY AND ORE-DRESSING. 

l. GENERAL. 

For the past century, mining bas been one of tbe major 
industries in Australia, and wealth from mineral resources 
~onstitutes a large proportion of the nation's export 
mco.rne. Mineragraphic work to provide information on 
the mineral composition of ores has been an important 
field of investigations for the Organization and its pre­
cJecessors. The techniques used are h ighly specialized 
and require considerable experience, so that it is only 
rarely that they can be applied by the staffs of operating 
mines. The current work of the Mineragrapbic Investi­
gations Section is described in Section 2 of this Chapter. 

The Ore-dressing Laboratories' operated .in Melbourne 
in collaboration with the Unjversjty Department of Min· 
ing, and in Kalgoorlie in co-operation with the School ot 
Mines, investigate lbe 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 on the utilization of minerals is carried out by 
the Division of lodustrial Chemistry (see Chapter 
XVII., Section 2). 

Mineragraphic I11vestigalio11s Section.- Research pro· 
grammes of the Section have continued unchanged. Forty­
eight investigations have been made during the year of 
mill products, drill cores, mineral associations, and rocks 
submitted by mining companies, other establishments of 
the Organization, and Government Departments. 

Investigation has been facilitated by contributions from 
a number of mining companies through the Australasian 
Institute of Mining and Metallurgy. 

Ore-dressing Laboralory. Mclbourne.:-The growth ot 
co-operative investigations undertaken for mining com­
panies continued throughout the year. Two important 
investigations. tl1e flotation of base metal ores from Rum 
Jungle, Northern Territory, and the concentration of 
oolitic iron ores from Roper Bar, Northern Territory, 
were advanced. Many problems associated with a pro­
posed expan,sion of production at Wattle Gully Gold 
Mines N.L. were examined, and in addition several 
smaller investigations undertaken for mining compan ies 
were sponsored on a cost basis. These investigations have 
resulted in liberal donations by mining companies to the 
fonds of the Section. 

A modified reporting practice bas been adopted for 
sponsored investigations. The reports are retained as 
confidential for a longer period than formerly, but it is 
anticipated that ail the work of the Section will even­
tually appear as published reports. 

The Laboratory has this year received an increased 
number of requests for the services of staff for field 
consuJtations. 

Ore-dressing Laboratory, Kalgoorlie.-The research of 
the Laboratory bas continued as in previous years. 

Eleven reports of investigations and 69 certificates were 
issued from the Kalgoorlie Metallurgical Laboratory. Six 
of the reports referred to gold ores, one to a copper ore, 
one to a copper-cobalt ore, and the remaining three to 
non-metallics. 

During the year, officers of the Laboratory made visits 
to Christmas Island, Bunbury. and Capel to advise on 
~ining operations. 

2. ]'vUNEMGRAPHlC I NVESTIGATIONS. 

(Mineragraphic Investigations Section.) 

A study of nickel mineralization in western Tasmania 
revealed four distinctive mineraJ associations, containing 
between them sixteen different species of primary nickel 
minerals. and drew attention to the possible existence of 
extensive low-)!rade nickel sulphide mineralization asso­
ciated with areas of ultrabasic igneous rocks in this part 
of Tasmania. A new nickel mineral, a hexahydrate nickel 
carbonate (hellyerite), was d iscov~red in one deposit. T~e 
occurrence of nickel and chromruro near .Beaconsfield m 

northern Tasmania was investigated. Nickellierous 
cobaltite was described from the Ortoua mine, Queens­
land, and various rncks from New Guinea were examined 
for the presence of nickel. 

Study of drill cores of an oolitic iron formation from 
lhe Constance Range area of north-west Queensland 
demonstrated that the outcropping beds pass, below the 
wne of oxidation, into beds of oolitic haematite and 
chamosite in a siderite matrix, wbich locally constitute 
shipping grade ore. These deposits warrant further 
exploration in view of their known extent. The possi­
biLity that a siroHar relation cquld apply to the oofrtic 
iron formation of Arnhem Land, studied during the pre­
vious year, has led to drilling of some of the deeper sec­
cion of the Arnhem Land formation, with the discovery 
of a siderite formation there also. 

Ao examination was made also of drill cores from 
iron ore in the Savage River district of western Tasmania, 
with speciiil reference to the occurrence of titanium in it. 

The mineral composition of the bauxites of Weipa, 
Queensland, is being investigated, following a visit to the 
area. The size and distribution of quartz and heavy 
minerals (mainly zircon, rutile, tourmaline, and leucoxene) 
have been studied, and the relative distribution of 
boehmite and gibbsite is being studied. 

The mineralization in exploratory drill boles at Peko, 
Northern Territory, are under investigation. 

A uranium concentrate from South A!Jigator River, 
Northern. Territory, yielded a variety of relatively rare 
secondary uranium minerals, as did further specimens 
from the Milestone Lease,, Northem Territory. Man­
ganeses ores from Heyfield, Victoria, Rippon Hills, 
Western Australia, and Gebore, New Guinea, were 
examined. D rnt core samples from Komewu No. 1 well, 
Papua, were identified. 

Tin ores were examined from Nymbool, Queensland, 
Renison Bill, Tasmania, and Mount Wells, Northern 
Territory. • 

Beach sands captaining valuable minerals have been 
examined from Bagama and .Southport, Queensland, and 
from north-west Western Australia. 

Copper selenides were found associated wjth gold 
tellurides in the ore of the Phantom and Phantom South 
lodes, Kalgoorlie, Western Australia. 

Studies have been made of the gold ores of the Maude 
and Yellow Girl Mine, Victoria, and an investigation bas 
been made of a pyritif.erous breccia from Gold~n Ridges, 
New Guinea (Wau). The rare mineral, berthierite, 
FeSb0, was found associated with stibnite at Steel's Creek, 
Victoria. 

3. ORE·DRESSTNG lNVESTIOATlONS. 

(Melbourne Laboratory.) 
This year's work for the Laboratory again covers a 

wide field. Beach sands and ores of iron, lead, copper, 
tin, gold, manganese, tungsten, and uraoiUm are being 
investigated as well as ores of fluorite and beryl, while 
several investigations are devoted solely to the properties 
of minerals for particular uses. Twenty reports and two 
information circulars were issued. 

Work on beach sands from northern areas declined, 
owing largely to the sharp drop in the price of rutile. 
Some progress has been made in developing the better 
methods of recovering monazite, a mineral of growing 
interest in the field of atomic energy. Extensive investi­
gations have been undertaken of methods for recovering 
ilmenite and other minerals from Western Australian 
beach sand def)osits, which seem likely to contribute sub­
stantially to world resource$ of ilmerute. 

Work on the concentration of uranium ore is expand­
ing. Tt appears likely that some AustTalian uranium 
deposits cannot be exploited economically by direct chemi­
cal extraction. 1t is expected that several reports on the 
concentration of manium ores will be published witl1i11 
the ensuing year, 
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A detailed investigation was undertaken of the 
bebaviour of oolitic iron ores botb in direct magnetic 
concentration and in magnetic concentration after reduc­
tion roasting. 

In investigating the flotation treatment of base metal 
ores from Rum Jungle, attention was directed mainly to 
the lead-bearing ores which do not respond to the special 
conditioning procedure which was successful for copper­
bearing ores in close proximity to them. In flotation of 
the lead ores the control of readily ftotable silicious 
gangue was substa1Jtially improved by optimum adjust­
ment of pH, together with type and amount of depressant 
reagents. 

Two papers relating to the pressure leaching of man­
ganese ores were published. It is hoped to extend these 
investigations to cover cobalt minerals with the eventual 
objective of developing a process for treating cobaltifer­
ous wad ores. 

A chromatographic method for estimating gold in ores 
has been developed. The traditional prospector's tool, 
the panning dish, fails to detect ultra-fine gold. The 
chromatographic method can give, in the field , rapid 
results of an accuracy adequate for prospecting purposes 
for many types of gold ore. The technique can be learnt 
rapidly by untrained personnel, and the capital outlay 
and running costs are moderate. 

For the Wattle Gully gold-mine, which is contemplating 
plant expansion, tbe recovery of coarse gold, the flotation 
of gold-bearing sulphides, grindability of ore, cyanidation 
of concentrates, and other problems were investigated in 
a comprehensive test programme. 

Several investigations were concerned with the proper­
ties of minerals as they affected handling and uses. The 
slump angle for ilmenite, pyrite, gypsum, and other 
minerals shipped in bulk was investigated, and the ettect 
of moisture content Oll slump angle determined. These 
properties influence shipping regulations. The pelletizing 
of " Kopi " (the fine-grained overburden of gypsum 
deposits) was investigated. This material is a promising 
source of sulphur for fertilizer purposes if its handling 
properties can be improved. A highly magnetic by­
product from beach sand concentration plants was 
examined as a possible source of make-up mineral for 
heavy-media separation plants. 

At the request of the Division of Industrial Chemistry 
an investigation was made of the extraction of gold from 
calcines produced by fluid-bed roasting of copper 
concentrates. 

4. ORE-DRESSING I NVESTIGATIONS. 

(Kalgoorlie Laboratory.) 

Further work was done on phosphate rock from 
Christmas Island ([ndian Ocean). Pilot-plant tests showed 
that the Dietrich and BuelI dryers in use on the Island 
were not suitable for combined drying and attrition grind­
ing necessary to reduce the iron oxide and alumina to the 
required level. It appeared, however, that drying followed 
by sizing-either screening or air sizing-would give two 
products, one of which would be suitable for blending 
with higher-grade lower layer phosphate rock and the 
other for sale after grinding as phosphate dust. Recom­
mendations for future work were made to the Commis­
sion, and it is believed that sufficient has been done to 
show that the upper layer phosphate rock can be bene­
ficiated and used with the lower layer rock. 

Research has continued on the graphite ore from 
Munglinup. A good grade of graphite can be produced 
from this ore, and it was hoped that during this year 
some production would be possible. However. this has 
not been possible mainly because of shipping and o ther 
difficulties associated with location of the ore. 

Treatment tests for plant design purposes were done 
on high-grade gold ore from the Hill 50 Eclipse Mine, 
Mount Magnet. These tests showed that a satisfactory 

recovery of gold could be obtained by straking followed 
by cyanidation. The ore filtered well and settled readily. 
Hydrocyclones could be used to thicken the feed to the 
agitators. A plant is now being erected. 

Concentration tests were carried out on an oxidized 
copper ore from the vicinity of Marble Bar. Malachite 
was the main copper mineral in the ore, but small quan­
tities of sulphide were present. Tests showed that up to 
98 per cent. of the copper in the ore could be obtained 
in a flotation concentrate assaying 40 per cent. copper. 

A copper-cobalt ore from the old Carlow Castle Mine 
near Roebourne was not amenable to gravity concentra­
tion. Concentrates of marketable grade could be pro­
duced by flotation, but the recovery of copper and 
cobalt was low. 

Beneficiation tests were carried out on a spodumene 
ore from Ravensthorpe. A spodumene concentrate assay­
ing approximately 5.4 per cent. lithium oxide was 
recovered. This concentrate also contained some 
sphalerite and assayed 1.2 per cent. zinc. 

Sands from the vicinity of Capel yielded a clean 
ilmenite concentrate of marketable grade after gravity 
concentration and magnetic separation. 

XIX. FUEL. 

1. GENERAL. 

Coal, which is Australia's principal source of energy, is 
a material of widely varying qualities, and deposits which 
are suitable for specific purposes should not be used 
indiscriminately. Available reserves of the more valuable 
types of coal are Limited, and it is essential that a complete 
survey is made of their properties in order that they are 
used to the best advantage. 

The Organization's main centre for investigation on fuels 
is the Coal Research Section, located at North Ryde, New 
South Wales. This Section was established to undertake, 
on a national basis, a comprehensive study of the physical 
and chemical characteristics of Australian coals. It aims 
to promote the more efficient use and economic develop­
ment of coal resources, by increasing the efficiency of car­
bonization, gasification, and combustion processes, and 
by improving the quality of coal grades through cleaning, 
preparation, and pretreatment appropriate to specific 
industrial needs. 

The Division of Industrial Chemistry is undertaking 
work on the engineering aspects of the gasification of low­
rank coals, and this work is reported in Section 5 of this 
Chapter. Research on the chemistry of tar from Lurgi 
gasification plant is reported in Chapter XVII., Section 
5 (c). 

Co-operative investigations on the fossil pollens in brown 
coal are undertaken in the Botany School of the Univer­
sity of Melbourne (see Section 4 of this Chapter). 

Coal Research Section.-The research programmes of 
the Section have continued unchanged. 
· Work was commenced on the construction of two new 
permanent single-storey buildings. The larger of these 
will be used for pilot-plant and semi-industrial- scale work 
on carbonization research projects; the other will house 
the Section's workshop. 

Following the success of the Section's first symposium 
on "The Production, Properties, and Utilization of Foun· 
dry Coke" held in 1956, a second symposium on the 
same subject was held in the Section during the year. 
Representatives of the coke manufacturers, the iron and 
steel industry, and the foundry industry as well as officers 
of the Section contributed to the meeting. The delegates 
agreed that the quality of coke had improved greatly fol­
lowing the first symposium. 

The gift is gratefully acknowledged of an automatic, 
recordino, double-beam, infra-red spectrophotometer dona· 
ted by Bowen Consolidated Coal Mines Limited. 
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2. COAL UTlLIZATION. 

(Coal Research Section.) 

(a) Carbonizarion lnvestigatio11s.-( i) General.-Tha. 
past few years have seen a rising demand for coke for blast. 
~ur?ace, smelting, and fow1dry purposes. and thi3 tread 
is likely to continue. There is also a demand for an im­
provement in coke quality. On the other hand, the reserves 
of the best coking coals are limited. The Section con­
tinued research into both, improving further the quality of 
coke made at present from our better coking coals, and 
making good-quality coke from the poorer coking coals. 

Pilot-plant carbonization tests were undertaken to study 
blending and modification of the technique of carboniza. 
lion, and also the physical and chemical processes occur· 
ring during carbonization. 

(ii) Pilot-plant lnvestigations.-Pilot-plant equipment 
was used for investigation into the coking properties of 
mixtures of coals from the Bulli and Wongawilli seams 
(Southern Coalfield, New South Wales), and two most 
important sources of coking coal in the Southern Coalfield. 
Coal from the BuUi seam is used alone at a number of 
beehive coke-oven plants, but coal from the Wongawilli 
seam, because of its high vitritc content and consequent 
highly swelling natures, is usually blended. 

The blends of these coals which produce the best metal­
lurgical coke generally have vitrite content of 30-45 per 
cent.; fluidities, as measured by the Gieseler plastometer, of 
between 50 and 1,000 dial divisions per minute; an ".i vola­
tile matter content (d.a.f.) of between 23 .5 and 28 per 
cent. 

As much as 40 per cent. of weakly cokin~ coal could be 
incorpora ted in blends of the more strongly coking Bulli 
coal and Wongawilli coal, without lowering the quality of 
the resultant coke, provided that sufficient Wongawilli 
coal was present to maintain a reasonably high vitrite 
content and fluidity. 

The addition of 5-20 per cent. of finely divided low· 
temperature char to the coal blends appreciablv improved 
the resistance of the resultant cokes to abrasion. The 
addition of only 5 per cent. of high-temperature coke 
fines to blends containing 40 per cent. of Wongawilli seam 
coal Jed to a marked improvement in the blockiaess and 
shatter strength of the resulting cokes. 

Methods are being studied of producing better metal· 
lurgical coke from the coking coals of the Newcastle dis­
trict, Northern Coalfield, New South Wales. The 
importance of this work h as been emphasized by plans to 
establish, in the near future, a new smelting plant at 
Cockle Creek, in the same district. The particular type of 
smelter to be installed consumes large quantities of metal· 
lurgical coke, which must be very stron.~ and conform to 
exacting requirements. Because of high freight costs, it 
is desirable that tbis coke be made, a~ far as possible, from 
coking coals available locally. 

Coal samples from five colleries in this district were 
carbonized, representing the Victoria Tunnel, Borehole, 
and Young Wallsend seams. These coals have in general 
good coking properlies, but certain physical characteristics 
of the cokes produced could be improved by blending and 
by otherwise adjusting the coal charged into the retorts. 

Work was continued on the evaluation of the carboniz· 
in~ properties of Queensland coals. Coal from the Port-· 
land No. 1 seam at Globe M ine. Maryborough district, 
produced coke with a regular. fine texture and an excep­
tionally high resistance to abrasion; however, extensive 
fissurin.~ occurred during carbonization. The coke pro­
duced from this coal alone would be suitable for processes 
which require a relatively small-sized, tough coke and 
where high phosphorus cooteot in coke would be no serious 
disadvantage. Coal from the Excel seam, Excel No. 2 
Mine Bluff district, was also examined. This coal would 
not p~oduce coke under normal conditions of carbonizing. 

(iii) Studies of Low-temperature Carbonization.-A 
small-scale fluidized-bed apparatus has been constructed 
to provide samples of low temperature char from coala 
from the Northern Coalfield of New South Wales for the 
blending experiments described above, and to supply 
design information and process data for a larger-scale plant 
at present under construction. 

(iv) Bulk Density illl'estigations.- Tbe bulk density of 
crushed coal is an important factor in the production of 
metallurgical coke, as it not only determines the coking 
capacity of the oven but also affects the quality of coke 
and by-products. 

Experiments on run-of-mine coal from Coal Cl iff Col­
liery (Bulli seam, Southern Coalfield, New South Wales) 
showed that adding 0.2·0.4 per cent. of a light paraffinic 
oil increased the bulk density by several pounds per cubic 
foot and reduced its susceptibility to moisture changes. 

(v) Fundamental Coking Phenomena.-lnvestigations 
on aspects of the coking process include: petrographic 
investigations; determination of the plastic properties of 
coal; measurement by means of the differential thermo­
gravimetric balance of the rates of evolution o f the various 
constituents of the volatile matter; microscopical examina­
tion; solvent ex.traction of partly carbonized samples of 
coal; and investigations into the chemical mechanism of 
the formation of coke from coal. 

By studying the pyrolytic reactions and coking ot 
model organic compounds, in this case some condensed 
1m tynuclear quinones, information is being gained on th.e 
beh11vioc1r during heating of chemical groupings and 
structures thought to be part of the coal molecule. The 
quinones being used are various vat dyes, which on heating 
within the range 330-550° C. generally form swollen 
agglomerates resembling semi-cokes from coal. Sugges­
tions have been p ut forward on the probable chemical 
stn.: ::ture of these agglomerates, based on a comparison of 
their infra-red and electronic spectra with those of the 
parent quinones. On heating- the agglomerates above 
550? C., cokes and chars are formed which resemble 
high-temperature cokes from coal in their chemical 
structure. 

The volati le matter given off by the model compounds 
on heating was found to contain significant amounts of 
the parent hydrocarbons, which suggests that large con­
densed hydrocarbon molecules are evolved during the 
carbonization of coal. Moreover, it would seem unlikely 
that rigid relationships exist between the chemical struc­
ture of coal and the volatile matter evolved during 
carbonization, since the experiments with the model com­
pounds showed that small differences in their chemical 
structure caused pronounced variations in the mechanism 
of evolution of volatile matter. 

A comparative study was made of the changes 
occurring on heating six New South Wales coking coals 
of differing rank and petrographic composition, represent­
ing the Homeville, Liddell, Borehole, Bulli, ~nd Wooga· 
willi seams. Each coal, according to rank, petrographic 
composition, and treatment, bas its characteristic inter­
related patterns of fluidity, swelling, and decomposition. 
The interplay of these factors apparently controls the 
course of coking and the properties of the resultant coke. 

Jn general, it was found , the transi tion from coal to 
semi-coke exhibits fi ve phases, viz.: 350-370° C.- soften­
ing of the vitrite grains; 370-390° C.-formation of gas 
vesicles; 390-415° C.-growth of the gas vesicles and 
swelling of tbe grains; 415-430° C.- the fusion of inflatcJ 
grains into a completely formed cellular structure; and 
430° C. onwards- active decomposition, rnpicl los3 of 
volatile matter, and eventual solidification, without, how­
ever, further alteration in the microscopic structure. T he 
mechanical characteristics of the coke other than c~Uular 
structure origin11te betwen 430 and 530° C. 

Up to 500° C. most of the volatile matter may be 
condensed as tars and liquor, and only a small proportion 
of non-condensible gas is formed, which contains over 50 
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per cent. oy weight of carbon dioxide as well as carbon 
mon?xidc a?d nitrogen. From 500 to 525° C., the gas 
consists ma111ly of methane, e thane, and carbon dioxide 
with soine carbon monoxide and hydrogen. Most of the 
gas, however, arises from the decomposition of the semi­
coke and coke; from 525 to 700° C. it consists mainly of 
melhane and hydrogen with some carbon monoxide and 
above 700° C. mainly o f hydrogen with some met'hane 
carbon monoxide, and nitrogen. ' 

To produce well-fused, strong, and dense coke the 
following three conditions should be satisfied. Firstly, a 
high proportion of coal grains sh.ould soften a11d distend 
with suflicient internal gas pressure to cause them to fuse 
together and to wet and mould around inert grains. 
Secondly, the extent and rate of evolution of volatile 
matter should be the minimum necessary, consistent with 
the above conditions of fusion aud swelling, to give solidity 
and hardness to the coke. Thirdly, the solidification point 
of th.e plastic coal should be as high as possible so as to 
allow the maximum release of volatile matter while still 
plastic; the coke i~s then fissured and more resistant to 
shatter. 

(b) Chemicals from Coal.-(i) Properties of Light 
Oils, Tars, and Pitches.-ln view of the importance of the 
utilization of coal as a raw material for the manufacture 
of chemicals, the Section is continuing investigations into 
the properties, composition, and structure of light oils, 
tars, and pitches produced by the carbonization of Aus­
tralian coals. A better understanding of the properties 
and nature of these materials would also contribute to 
their more efficient utilization in other ways. 

Investigation was made of tars and pitches from t he 
coke oven plant at the B.H.P. steelworks, Newcastle, and 
from the continuous vertical retort plant at the Mort!ake 
works of the Australian Gas Light Company. 

The composition is being studied of lhe insoluble tai 
and pitch fractions of higher molecular weight (the 
" cry;;taUoids ", "resinoids ", " C 1 " , and " C2 " ) and the 
way in which the constituents of these fractious arc 
associated. The phenolic hydroxyl and basic nitrogen 
groups have been estimated by non-aqueous potcntio­
metric titration. molecular weight determinations, and 
infra-red spectometry. The distribution and concentration 
of these groups indicate that coal-tar pitches are solutions 
of polar compounds of medium molecular weight in 
solvents which are relatively non-polar. 

(ii) Chemistry of Brown Coals.- Investigations con­
tinue into the chemical structure of brown coal, to provide 
basic data for the production of chemicals from this 
material. 

Examination of tbe infra-red spectra of Victorian brown 
coals indicated the presence of hydrogen-bonded hydroxyl, 
aliphntic CH, and carboxylic carbonyl groups, and possibly 
aromatic ring structures a nd ether groups. 

The pyrolytic decomposition reactions of Victorian 
brown coals were studied. Dehydration reactions play a 
major part in the decomposition and changes occur in the 
substiLUI ion pattern of the aromatic st'ructures. 

Samples of brown and sub-bituminous coals were 
t reated with alcoholic or aqueous alkali at about 190° C. 
for about 12 hr., followed by acidification. T he end 
products fused on pyrolysis in a crucible test gave coherent 
swollen cokes. The original coals were non-agglomerating 
when pyrolysed under the same conditions. On the other 
hand, examination of alkali-soluble and alkali-insoluble 
fraction1>, obtained from Victorian brown coals hy 
reflux ing for I hr. with 2N sodium hydroxide solution, 
revealed that these fractions do not differ chemically 
from each other or from the parent coal to any important 
degree. Their solubility behaviour is probably clue to 
molecular-weight distribution or to purely physical 
differences. 

The reaction of gaseous oxygen with Victorian brown 
coals was investigated at room temperature in the presence 
or alka li. The composition of the water-insoluble oxida­
lion products, as well as the stoichiometry and kinetics of 
the reaction, indicated cleavage of phenolic nuclei to 
carboxylic acids and carbon dioxide. The aliphatic portion 
of the coal structure appeared to remain unaffected. 

(c) Combustion and Gasification lnvestigations.-(i) 
General.-Work was continued on the combustion and 
clinkering characteristics of Queensland coals. Coals from 
the Portland No. 1 seam at Globe Mine and from the 
Excel seam at Excel No. 2 Mine were burnt in laboratory 
pot furnaces, which simulate underfeed and overfeed 
conditions. Overfeed firing without grit recirculation 
would produce high carry-over losses. Both coals have 
low ash-fusion temperatures and would be liable to cause 
slagging of combustion-chamber walls. Both coals h ave a 
high phosphorus content, that of the Portland seam coal 
being very high; formation of bard deposits then is likely 
on the external heating surfaces of boilers. 

Coal washing, which is being increasingly practised at 
Australian collieries, gives in many cases a middlings pro­
duct contaiuing from 20 to 35 per cent. of ash. To evaluate 
the possibility of utilizing this type of fuel on a travelling­
grnl'e stoker, middlings from the Stockrington Washery 
were examined in pot-furnace experiments. Both ignition 
and combustion difficulties were overcome by crushing 
the fuel to a size below t in. In large-scale plant it should 
be possible, by using this smaller-sized fuel, to achieve 
higher burning rates than with the uncrushed fuel and 
also to reduce considerably both the ash pit loss and the 
ai r required for gasifying the fuel. 

An evnluation was made of the combustion characteris­
tics under overfeed' and travelling-grate firing conditions 
of various other coals from the Northern Coalfield, New 
South Wales, viz. coals from the Bloomfield Colliery (Big 
Ben seam), the Northern Extended Colliery (Fassifom 
seam), the Northern Colliery (Great Northern seam), and 
the State Coal Mine (Liddell seam). 

(ii) Utilization of Coke.-Methods are being studied of 
improving the utilization of metallurgical coke in industrial 
appliances. Experiments were made with a two­
dimensional model cupola to determine the effect of coke 
size in relation to cupola dimensions upon the flow pattern 
and the pressure at the tuyeres. The width of the cupola 
is the most important variable, while depth of well below 
the tuycres and even tuyere size have only a relatively 
small effect upon the value of the pressure gradient in the 
coke bed. Tests with various coke sizes ancf cupola widths 
indicated that the velocity distribution is far from uniform 
and that at the side walls the velocity may be three times 
the average value owing to the increased voidage. Because 
of this e!foct, the combustion zone in a cupola in practice 
is found close to the wall above the tuyeres. 

(iii) Physicol Structure of Cokes.-The rate at which 
coke reacts with steam when it is being gasified, for 
example in a gas producer, is determined to a large extent 
by the volume, shape, and internal surface area of the 
pores. 

T he changes in the pore structure of cokes, carbonized 
at diff;:rent temperatures and gasified for varyin.'l lengths 
of time with steam, were investigated by studying changes 
in internal surface area, apparent specific volume in various 
liquid's, n:· d degree of penetration of mercurv under 
pressure. The existence has been demonstrated. of two 
distinct pore systems in the coke structure: macropores 
with entrances in the range 130,000-400 A diameter, the 
majority occurring in the region of 7,600 A; micropores 
with entrnnces Jeo.s than 10 A diameter. 

Tn the cokes examined no pores were found to exist 
wilh entrances in the range 10-400A diameter. 

The macropores contain many constructions, the 
number of which probably increases as the carbonization 
temperature incrc~ses to 700° C. but remains constant 
above this temperatul'e. 
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The mi~rop_ores. consist of two types: pores approxi­
mately cylmdncal m form and less· than 1 O A in diameter 
a1.<J those greater than 10 A in diameter but with "bottle: 
_neck" entrances. .1'.-~ the carbonization temperature 
increases the access1b1l1ty of both types of micropores 
decreases. 

Prel iminary gasification tests with steam at 800° c. 
indicate that the reaction tnkcs place at a ll the internal 
surfaces of the coke, causing a widening of the constric­
tions in the micropore structure and a steady increase in 
the total pore volume. 

3. EXAMlNATION OF COAL SEAMS. 

(Coal Research Section.) 

(a) Ge11eral.-Coals from six collieries in the Southern 
:inc.I South-western Coalfields of New South Wales were 
examined as weU as three bore cores obtained from bores 
sunk in this area. Samples from 30 collieries and from 
nine bores in these coalfields have now been examined, 
representing the Bulli, Wongawilli, Tongarra, American 
Creek. and Woonona ~earns. Most of tbe collieries have 
been sampled twice, the first samples having been taken 
three-four years previously. 

In the Newcastle district of the Northern Coalfield of 
New South Wales profile samples were taken a t seventeen 
collieries representing the Great Northern, Fassifcrn, 
Young Wallsend, Borehole, Victoria Tunnel. Wavehil!, and 
Dudley seams. In the East Maitland and Maitland­
Cessoock-Greta districts, three collieries were sampled 
representing the Big Ben, Donaldson. and Homeville seams. 
Work in this coalfield is continuing. 

Queensland coaJs were examined from the Excel se:im 
at Excel No. 2 Mine, Bluff district; from the Portland 
No. 1 seam at Globe Mine, Maryborough district; from 
trial shaft No. S2 sunk on the Kianga Coalfield, Rock­
hampton district; and from Box Flat. Bundambah district. 

(b) Mineral Matter in Coaf.- l'wo methods for the 
direct estimation of the quanti!y of mineral matter in coal 
have been investigated and their reliability established. 
The methods make use of totally different approaches: in 
one, the mineral matter is decomposed by acid digestion 
and the organic matter left intact. while in the other, the 
organic matter is removed by low-temperature oxidation 
of the coal at 360° C. This investigat ion has demonstrated 
the extent of the errors arising from the use of empirical 
calculations for mineral-matter content. 

4. MlCROSTRUCTURT! OF BROWN COAL. 

(Pollen Research Unit.) 

The Pollen Research Unit, at the Botany School, Univer­
$ity of Melbourne, has concentrated on the taxonomy and 
distribution of certain megaspores and microspores that 
characterize the Upper Mesozoic sediments of eastern 
Australia. Two megaspore genera, previously known 
only from Britain and Europe, have been used in the 
correla1ion of freshwater deposits in South Australia, 
Victoria, and the Great Artesian Basin. 

The study of fossil microplar kton has been extended to 
Urper Mesozoic formations, and these fossils have proved 
valunble in dating formations of otherwise uncertain age 
in the Canning and Perth bnsins of Western Australia. 

Research has been carried out on fossil woods of 
Yallourn and Bacchus Marsh brown coals, ancF a study of 
varinti0:1 in distribution of tree varieties during the period 
of coal deposition is in progress. This is coupled with 
a srudy of possible cyclic changes in the environment of 
deposition. as revealed by pollen. 

Quaternary deposits from New Guinea are being 
jnvestigated for recent vegetational changes. 

5. UTILIZATION OF Low-RANK COAL. 

(Division of ladustrial Chemistry.) 

(a) Utilization of Brown Coal.-(i) Gasificatiou of 
Brow11 Coal with Hydroge11.-Expcrimcots on the produc­
tion of methane by direct hydrogenation of brown coal 
have continued, using the same three-inch diameter, con­
tinuously operated, fluidized bed unit. The temperature 
r:mljc s!ud'ieJ has been extended to 950° C., enabling up 
to 82 per cent. of the coal to be gasified, with yields up to 
15 cu. ft. meth;ine/ lb. coal (both on a dry, ash-free basis). 
At the highest temperatures, the net hydrogen consump­
tion per cubic foot of methane produced decreased slighily. 

Un<lcr these conditions some reaction appears to occur 
between the carbon and the water released from the coal, 
despite the high partial pressure of the hydrogen. 

In a further series of runs the effect was studied of a 
high methane co~. tent (up to 30 per cent.) in the hydro­
genating gas. Provid'ed equilibrium is not attained, the 
methane acts purely as an inert diluent and bas no effect 
on the hydrogenation rate. 

Material balances for the experimental runs have been 
sufficiently precise to enable the exothermic heat of reaction 
to be calculated. This is found to be considerably less 
than for the hydrogenation of bituminous coals and semi­
cokes, although, as might be expected, the heat evolved 
per mole of methane formed increases with the deoree of 
gasi fic<.•lion of the brown coal. Assuming autogenous 
operation of the reactor, about 80 per cent. of the coal 
must be gasified to satis fy the heat balance, even if coal 
hydrogcnatio:i is being used only to enrich Lurgi gas. 

To produce a gas of more than 500 B.t.u./ cu. ft. calorific 
value with a high proportion (more than 80 per cent.) of 
the coal gasified, a new reactor has been designed to give 
counter-flow of gas and coal in a fluidized bed 20 feet 
high. Construction of 1his reactor is now proceeding. 

(ii) Basic Studies of Carbon-Hydrogen Reaction.-Io a 
previous investigation of the kinetic features of the reaction 
of 5tcam with ash-free coconut char in a pressurized 
system, it had been shown that in certain circumstances 
(e.g. when the reaction is retarded by hydrogen) a high 
propor1ion of ll1e carbon gasified appears as methane. 
The rate of methane formation was found to be directly 
proportional to tbe steam partial pressure and independent 
of the hyd1ogen partial pressure. 

Tn a new series of experiments, the same type of carbon 
was reacted with hydrogen alone. In this instance, the 
rate of methane formation, at a given temperature, was 
found to be directly proportional to the hydrogen partial 
pressure. When !he hydrogen partial pressure was equal 
to tha t used1 in the earlier steam-carbon experiments, the 
rate of methane formation was generally less than one­
twentieth of the rate observed in the reaction with steam. 
This confirmed the earlier conclusion that in the steam­
carbon experiments nenrly a ll the methane must have 
been formed by some mechanism other than direct carbon­
hydrogen reaction. 

As there was some evidence that oxygen transferred to 
the carbon surface from steam facilitated methane forma­
tion during the steam-carbon reaction, a study was made 
of the hydrogenation of chars of difTerent oxygen contents. 
These chars were prepared by carbonization of low-ash 
jarrah wood at different temperatures in the range 
650-l, 150° C. When these chars were reacted at 650° C. 
with hydrogen in the pressure range 30-50 atm., the 
methane formation rate w;:is initially very high, and the 
quantity of methane formed! could be related to the Joss 
of o.xygen from tbe char. The rnte fell quickly to a steady 
value which is determined by the oxygen content of the 
char, but apparently by a different mechanism, as the 
loss in oxygen in this instance was very small. 

Oxygen attached to carbon atoms has a considerable 
activating effect, but to date the oxygen groupings 
responsible have not been identified. 
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(iii) Irzvestigations of Pore Structure in Coals and Chars. 
-A mercury porosimeter has been constructed and used 
to inv~sti~ate the pore structure of brown coal briquettes. 
The aim 1s to correlate the pore structure with briquetting 
' '.arinbles such a'> applied pressure, moisture content, and 
size distribution. and it is hoped that the results will 
enable the mechanism of binding in briquettes to be 
elucidated. 

For accur:ite determination of the pore structure by 
this method, it is necessary to know the advancmg cont:ict 
angle between the mercury interface an<l the internal pmc 
surface. A method of measuring this angle directly has 
been devised and the results indicate that values assumed 
by previous workers for a regular cylindrical pore model 
are inaccurate. Experimental measurements of the 
advancing contact angle for the penetration by mercury o( 
model pores of irregular cross section (i.e. containing 
re-entrant angles) have given anomalous results which have 
cot yet been reconciled with theory. 

(iv) Gas Chromatography.-A gas chromatography 
unit has been constructed for the analysis of fuel gas 
mixtures nnd has provecf most successful. This is due 
mainly to the development of a highly sensitive detection 
cell of the thermal conducLivity type using glass-coated 
thermistors. nnd to a high degree of temperature control 
over the silica gel column and auxiliary equipment. 

(v) Brown Coal Ash.-With the support and collabora­
tion of the State Electricity Commission of Victoria, the 
Gas :!nd Fuel Corooration, a::d Australian Paper Manu­
facturers Limited, ·a detailed investigation of the nature 
<.nd behaviour of the ash from Victorian brown coals has 
been initiated in the Cement and Ceramics section. The 
aim of the project is 10 define the conditions which may 
promote fusion anJ agglomeration of the ash cfurir.r; 
combustion of these coals. 

XX. PHYSICAL METALLURGY. 

I. GENERAL. 

The Section of Physical Metallurgy is a small research 
group at 1he Melbourne Universily Research School of 
Metallurgy, established by tbc Organization in co-operation 
with the University. The Section confines its research to 
specialized projects in the field of metallurgy, e.g. titanium 
and metal deformation. The work of the Section is des­
cribed in this Chapter. Work on metal physics is in pro­
gress within the Division of Tribopbysics (see Chapter 
XXL). The work of the Division of Industrial Chemistry 
on foundry sands is reported in Chapter XVII., Section 4. 

Section of Physical Metal/urgy.-The research of the 
Section bas continued on the projects described in the 
previous annual report. 

Members of the Section have continued to assist the 
University in the supervision of post-graduate students 
and have again organized post-graduate discussion groups. 
The Section continues to receive and ans'>ver many 
enquiries from industry concerning metallurgical problems. 

2. TtTAl'"1UM AND ITS ALLOYS. 

(Section of Physical Metallurgy.) 

Measurements have continued of internal friction and 
rigidity modulus in super-purity titanium, iodide-refined 
titanium, and alloys of iodide-refined titanium with oxygen, 
nitrogen, aluminium, and zirconium. These observations 
have been explained in terms of current models of crystal 
structure and have indicated some interesting properties 
of the ti tanium lattice. 

3. D EFORMATION. 

(Section of Physical Metallurgy.) 

A new hypothesis concerning the mechanism of boun­
dary migration during creep has r~sulted from further 
work on grain growth during creep .:nd annealing of lead. 

An etching technique bas been developed to examine lead 
with polarized light, and so reveal orientations of grains 
as colour contrast. 

Large lead bi-crystals of controlled orientation have 
been grown i11 vacuo and creep specimens cut from them 
chemically. Creep tests are in progress and study the 
effect of stress, orientation difference, temperature, and 
presence of substructure on the amount and mode of 
deformation, especially at the grain boundary itself. 

The construction of the X-ray microbeam set has been 
completed and it has been successfully operated. The 
equipment has been calibrated and the spot size on the 
target measured and found to be approximately 40ft. Pre­
liminary work using the equipment to produce X-ray 
micrographs has been completed. 

4. ANALYTICAL MBTHODS. 

(Section of Physical Metallurgy.) 

Methods have been developed for the estimation of 
traces of impurities in lead. A study has been made of 
the estimation of small amounts of tin in ores and metal­
lurgical products. This has been used in experiments on 
the extraction of tin by pressure leaching methods. 

XXI. TRIBOPHYSICS. 

1. GENERAL. 

Tribophysics means literally-" rubbing physics "- that 
is, the physics of frict ion. The Division of Tribophysics 
had its origin early in World War II. as a group studying 
wartime problems of friction and lubrication. The original 
investigations of the Division have been continued and 
extended to include fundamental studies in metal physics, 
surface physics, and the chemistry of solids. The work 
of the Division of Tribophysics is described in this chapter. 

Division of Triboplrysics.-The work of the Division 
has been continued along the general lines described in 
ihe last annual report. There have been no changes in 
~enior or administrative staff. The colloquia held with 
other metallurgical groups continue to be an important 
medium for the exchange of specialized knowledge. 

The co-operative research with the Broken Hlll Asso· 
ciated Smelters Proprietary Limited on some fundamental 
aspects on the refining of lead has continued for most of 
the year. Io particular, the surface properties of liquid 
lead have been measured in various media by means of a 
radiographic technique. 

2. P ROPERTIES OP SUR.PACES. 

(Division of Tribopbysics.) 

Work on the physics and chemistry of solid surfaces is 
concerned mainly with the nature of the surface after 
preparation by various methods (bombardment with ions; 
thermal, chemical, and electrolytic polishing an:! etching) 
and the effect thnt these treatments have on adsorption, 
desorption, and catalytic activity. Most of the experimen'.s 
are carried out on the surfaces of large single crystals. 

(11) Friction of L11bricatio11 of Bearings.-Work on the 
factors affecting breakdown of the oil film in sleeve bear­
ings has continued. The emphasis has been on the effect 
of small geometric errors of the bearing. This has 
necessi tated the development of special equipment for the 
production of very accurate bores. Finishing cuts are 
made by a boring bar which is supported by an oiJ film 
in the previously semi-finished bore. In this way it is 
possible to eliminate errors in lhe bore resulting from pre­
vious operations, and to obtain a very good surface finish, 
limited only by the cutting tool used rather than by errors 
or lack of rigidity in the machine tool. 

( b) The Structure of Solid S11rfaces.-(i) Sputtering.-
01"te of the few ways in which a surface can be made 
extremely clean is by sputtering. This process has been 
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studied in detail on surfaces of single crystals of silver. If 
the current of bombarding positive ions is sufficienlly 
large, the condition o{ the surface is principally determined 
by the energy of the ions and the direction in which they 
are incident on the crystal. Bombardment witb argon 
ions having energies between 22 eV and 3 keV always 
disturbs the crystal in a thin zone near the surface. The 
dl!tailcd l>U·ucturc of this surface layer bas been derived 
from electron diffraction patterns. I t bas been shown that 
uislocations are generated by ions striking the surface. 
111cso dislocations associate in such a manner as to rotate 
small blocks of the crystal. These ro tations arc mostly 
.less than I 0-15 ° but can be much larger. 

l{ on ttlloy is being sputtered, a change in composition 
occurs in a thin surface lnyer. E lectron diffraction pat­
terns :;how that the minimum energy of the bombardment 
ion needed to remove a metal atom from the surface is 
extremely low (a few electron volts). 

(ii) Thermal Etching.-The production of fine ridges 
on the surface o( snver when it is heated in air for several 
hour near its melting point bas been explained in terms 
of the uiffercnces in surface energy between different 
crystal planes. Studies o{ the kinetics of this etching pro­
cess have shown thnl if an electric gradient is present in 
the metal during etching, the surface structure produced is 
profountlly affected by the electric polarity. This suggests 
that etching proceeds by the movement of charged par­
ticles. However, measurements of the evaporation rate of 
different crystal planes o( silver have shown that the rate 
depends on the orientation, and therefore influences the 
thermal etching. 

( c) Chcmic:al Properties o/ Surfaces.-(i) Adsorption 
of L()11g-c//ni11 /011<: 011 Crystals.-The study of the adsorp­
lion of dodccyl sulphate on barium sulphate was con­
tinued. Convincing evidence has now been obtained from 
chungcs in conductivity of the supernatant solution for 
the adsorption of two layers of ions at saturation. The 
Hrst luycr, in which the long-chain ions are attuched 
through their ionic groups, is adsorbed by exchange with 
sulphate ions in the barium sulphate surface. To the 
second layer. however, the dodecyl sulphate ions arc 
adsorbed "nmphipathically" witb their hydrocarbon chains 
directed towards the crystal surface. The second layer, 
therefore. counteracts Lhe hydrophobic properties of the 
first layer so that at high concentrations of det.ergent the 
surface is always wettable. 

Tbe inhibition of flotation of miner als when too high 
a concenll'arion of co!Jector is used is an example o ( this 
phenomenon. 

(ii) Thermal Desorption of Stearic Acid from Silver.­
A polar molecule within a monolayer adsorbed on a solid 
surfnct is attached to the surface through the polar group, 
and lo neighbouring molecules in the monolayer by 
cohesive forces which are generally weaker than the polar 
forces. For a large paratlinic molecule the mechanism 
of desorption is determined panly by this cohesive energy, 
and partly by lhe polar binding energy. An investigation 
into tho thermal desorption of stearic acid from a close­
pnckl!d nionolaycr adsorbed on silver crystals gives infor­
mation on the relative magnitudes of these two types of 
bind ing. For this invcslig:ltion monolayers of radioactive 
stcnric acid arc deposited by lhe Langmuir-Blotlgcft tcch­
niq 't! on ~in [!le rrystnl '> and large-gr:i ined po1ycrystaJs of 
s!lv •r whose surfac~s huve been electropoiisbetl and sput­
tcrcJ. Rcsulls have shown that the rates of thermal de­
sorution of stcaric acid from these S'Jrfoces depends on the 
crystal orientation. The degree of anisotropy observed 
var i>.~s with the method of prep&r.iiion of the silver surface. 

(ii i) Cmolysif on Single Crystals of Silver.-The nature 
of a surface depends on the way in which it has been 
prcµared and treated, and this has a pronounced effect on 
its cat:ilytic activity. Surfuces can be cleaned by bom­
harument with positive ions; however, at the same time, 

this treatment alters the structure of the surface, as bns 
been observed on electron diffraction patterns. lt has been 
found that the rote of the catuly1ic decomposition of formic 
11ci<l on a silver surfuce is increased on bombardment b}' a 
factor of up to 100. The results suggest that the reaction 
occurs on specific sites and that these can be identified 
with the points of emerscnce of dislo::ations. I( the frc­
ciuency factor of the Arrhenius equation i'i t:ikcn as 
inuicating the number of the sites, lhis number depend" on 
the energy of the bombarding ions ant.I the orientation ol' 
the silver crystal. 

3. M taTAL P HYSICS. 

(Division of Tl'ibophysics.) 

The fina l aim of this \\'Ork is to design a material of 
specified properties und thereby widen the range of 
materials available to industry. To lhis end the nature 
of strength and the mechanism of plastic de(onnation 
have lo be understood better than they are now. 

The forces holding the atoms togciher in a metal 
crystal lead us to e....:pcct a strcoglh about 1,000 times 
larger than that usuaUy observed. The reason for the 
low ~trenglh is that most crystals are imperfect, i.e. they 
contain various types of defects. Whereas the existence 
o( such defects was for a long time inferred from much 
circumstanlial evidence, direct evidence is now available 
both for their existence and Cor their role in lowering the 
strength and making plastic deformalion possible. From 
the practical point o( view locking of the defects seems 
n promising way of achieving greater strength, as the 
movement of defcc1s is the mechanism of plastic defor­
mation. During defom1ation the defects multiply :mu 
there nre about lO'i times more defects present after 
henvy deformation than in the fully annealed material. 

The types of defects occurring in deformed metnls are 
uisloctttlons (displuccments of atomic planes in a vernicr­
likc fashion), vacancies (atoms m.ii.-sing from the orderly 
urrny in a crystal), interstitial atoms (extra atoms in the 
crystal), and stacking fau lts (cxtenued dislocations). The 
behaviour of crystals Jn general, and particularly the 
h:mJeniog due to plastic deformation, is largely jufluenccu 
by the interaction of defects with each other as this 
inhibits their movement. Jn order to unde;stand the 
origin of work hardening, one has to know 1he type, the 
number, and the arrangement of defects in plastically 
deformed crystals. The determination of these three 
unknowns is difficult because of the large number of pos­
sible combinations, and no one type of measurement 
alone can yield the solution of the problem. One has 
therefore lo measure as many properties as possible on 
the same material, and preferably on the same specimen, 
in order lo draw valid conclusions from the correlation of 
nil these measurements. The properties determined in 
these investigations are the internal energy, density, elec­
trical resistivity, hardness, shape of X-ray diffration lines. 
and, quite recently. shape of line.c; obtained in nuclear 
magnetic resonance. 

(a) Properties of Dislocmio11,,·.-Detailcd corre1ntion or 
the changes io energy and density accompanying the 
nnnenling of deformed copper indicates that the change 
of density due to :i dislocation is eq uivalent to that cai1scd 
by two rows of vacancies of tho same length. 

For copper and nickel the measured change in elec­
trical resistivity is approximately 60 times greater than 
woulu be expected from. theoretical estimates of the 
scattering due to an isolated dislocation. This discrepancy 
is revcnled when the stored energy mcao;urcments nrc 
used to give the density of dislocations in these metals. 
Tile riossibility that the discrepancy may be due to scatter­
ing Crom stackin~ faults. associated with the dislocations 
in copper and n ickel, is being checked by comparing the 
energy and resistivity changes aC'companying the anneal­
ing of deformed aluminium in which the dislocations have 
no associated faults. 
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(b) Point Defects.-Recent measurements of the energy 
released from quenched specimens of nickel have shown 
a release of energy in the same range of temperatures as 
that associated with the annealing of vacancies in deformed 
specimens. This provides further evidence for the crea­
tion of vacancies during plastic deformation. 

Theory indicates that interstitials and vacancies 
should be created in approximately equal numbers 
during plastic deformation. Although the evidence for 
the creation of vacancies is very strong, little experi­
mental data are avai lable for the existence of interstitial 
atoms. The results of stored energy, densi ty, and resis­
tivity measurements on deformed specimens and on 
quenched specimens of nickel of various purities are being 
compared in order lo e lucidate the role of vacancies and 
intersti tia ls in deformed metals. 

(c) Stacking Faults.-l n the previous Report work on 
a bra5s designed to throw light on the role of stacking 
faults in the plastic dcformntion and annealing of metals 
was described. Further work indicates that in deformed 
a brass the role of slacking faults is partially masked by 
contributions from point defectS', dislocations, and short 
range order. These respective contributions are being 
investigated by comparing the results of measurements of 
stored energy, density, electrical resistivity, hardness, and 
lattice parameter for deformed specimens with those for 
quenched specimens. 

(d) I111eraction of Disloca1io11s with Solute Atoms.­
The motion of dislocations during deformation and 
recovery processes is hindered when solute atoms segre· 
gate to them so as to form " atmospheres ". In previous 
Reports this phenomenon has been illustrated by the 
marked influence of purity on the manner in which stored 
energy is released from copper. By courtesy of the Mood 
Nickel Co. of Great Britain, samples of nickel of varying 
degrees of purity arc being investigated, and it is found 
that. as for copper, the purity of the metal is extremely 
important in determining the manner of release of stored 
energy. 

(e) Grt1in Slze.- The influence of grnin size on the 
energy stored and on the mechanical properties of copper 
has been inves tigated in deta il. At low strains far more 
energy is stored in floe-grained than in coarse-grained 
specimens, the mechanical properties a re superior in the 
fine-grained material, and the recrystallization tempera­
ture is lower. However, at high strains, although the 
stored energy and mechanica l properties become the same 
for fine-grained and coarse-grained specimens, the fine. 
grained specimens still recrystallize al a lower tempera­
ture than the coarse-grained. With the exception of the 
recrystallization temperatures, the results elucidate the 
plastic behaviour of polycrystalline aggregates. 

(/) S1r11c1L1re of Deformed M eta/s.- Measuremeots ot 
the diffraction pattern of nickel deformed by compression 
have been made after annealing to various temperatures. 
The results indicace that, as for filings, no change in back­
!!round level occurs during the annealing. The inte­
~rated intensity of the lines remains unchanged until 
recrystallization occurs, when a large decrease in inte­
grated intensity takes place. This decrease is probably 
due to the presence, after recrystalliza tion, of compara­
tively large volumes of ·• perfect crystal " which give 
rise to extinction effects . 

A new electromagnet for high-resolution work has been 
installed for using nuclea r magnetic resonance techniques 
in the study of the structure of solids. 

XXU. NATIONAL STANDARDS LABORATORY. 

(a) Standards, Wei!f/lts, and M easures.-The National 
Standards Laboratory. consisting of the Divisions of 
Metrology. Physics, and Electrotechnology. jg responsible 
for the maintenance of the Commonwealth standards of 
measurement and for the calibration of precision measur­
ing equipment in terms of those standards (see Chapters 
XXITI .. XXIV., and XXV., respect ively). 

The Commomvealtfl Weigflts and M easures (Natio11al 
Standards) Act 1948 provides for the several States of the 
Commonwealth to continue to administer under State Acts 
matters relating to weights and measures in trade and 
commerce. The Organization is responsible for the Com­
monwealth standards of measurement. 

(b) Report of Advisory Council Commi11ee.- In 
November, 1957, an Advisory Council Committee, 
representative of industry and science and including Dr. 
A. V. Astin, Director of the United States National 
Bureau of Standards, met and reported on the future 
development of the Laboratory. The Committee's find­
ings may be summarized as follows:-

(i) Within the present limitations of staff, equipment, 
and accommodation the National Standards 
Laboratory is carrying out its standards func­
tions at a high level of efficiency. 

(ii) As a resul t of the limitations of staff and accom­
modation the Laboratory is unable to make 
the progress demanded by the rapid develop­
ment of industry and science, and considera­
tion must be given to adding new activities 
and responsibilities to the institution. 

(ii i) A well-planned programme of research comt:lle­
mentary to the standards fu nctions is esseniial. 

(iv) Plans for the future should envisage another site 
of large extent with ample provision for field 
experiments and for expansion over a long 
period. 

(v) There is need to develop more facilities for pro­
viding industry throughout Australia with a 
testing and calibration service. For this the 
Laboratory requires more facili ties and staff 
to calibrate the reference standards of 
laboratories registered by the National Asso. 
ciation of Testing Authorities. 

(vi) There is need for a director responsible for policy 
and administration to co-ordinate L aboratory 
activities and lo encourage a wider interest 
in the Laboratory by Australian industry. 

(c) lnternn1io11al Co-operation.-During the year the 
Laboratory maintained close liaison with the Bureau 
Tntcroational des Poicls et Mesures and with other 
national standards luboralorics, both by visits of officers 
and by participation with other laboratories in pro­
grammes of precision measurement. 

XXJil. METROLOGY. 

). GENERAL. 

The past decade has witnessed a very rapid increase in 
the manufacturing and engineering industries in Australia. 
~ccurate ~casurcmenl is thus ass~~ing an . increasing 
1~porta:·ce m these fields of produchvuy. Eqmpment for 
this purpose must be regularly calibrated against appro­
priate working standards. T hese in turn require periodical 
calibration in terms of the national and internat ional 
standards. 

The work of the Division of Metrology which maintains 
some of the national standards of measurement is describecfl 
in this chapter. 

Division of Metrology.- The work of the D ivision has 
continued along the lines described in previous reports. 

Increased demands on the calibration service offered by 
the Division have necessitated the recruitment and training 
of additional s taff for the calibrati1;g of testing machines. 

Two senior members of the staff visited national labora­
tories overseas and took part in conferences such as the 
International Standards Organization. The Division 
assisted the Bureau International des Poid's et Mesures in 
an international investigat ion into the accuracy to be 
obtained in the measurement of the length and coefficient 
of expansion of survey tapes. 

• 
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A one-day conference on production engineering 
research was originated during the year and was attended 
by representatives of industry and Go\lernment Depart­
ments from various States. A summer school on geometric 
analysis of engineering designs was held for University 
and Technical College lectures (see Section 4 (c) of this 
Chapter). 

A metrology exhibition held by the Division was well 
attended by large numbers from the scientific and technical 
community. 

2. LENGTHS ANO ASSOCIATED QUANTITIES. 

(Division of Metrology.) 

(a.) Srandard.r.-(i) Line Standards.-One of the Di\li­
sion·s metre line standards, made of nickel, has been 
rcpolished and regraduated by the latest techniques, and 
has bee1l calibrated at the Bureau International des Poids 
et Mesures. lntercomparison of this standard with the 
Laboratory's other reference metre and yard standards has 
established reasonably reliable growth rates for all of these 
standards. 

Some progress has been made with improvements to 
the measuring equipment used in tbis work. 

(ii) End Standards.-The maintenance of the Division's 
reference and working end standards bas continued and 
improvrmcnts have been made to equipmer.t and tech­
niques associated with this work. 

(iii) Surveying Tapes.-Recalibration of the Division's 
reference tapes has been completed and the tapes appear 
to be 5atisiactorily stable. 

The Division was invited bv the Bureau International 
des Poid' el Mcsures to take part in an intematiooal 
investigation into tbe accuracy to be obtained in the 
measurement of the length and coefficient of expansion of 
survey tapes. Results obtained by the Division were in 
good agrccmenl with those obtained by the other countries 
taking part. 

Progress with the four-metre line standard comparator 
bas been retarded owir.g to other commitments on the 
Division's workshop faci lities. 

(iv) Length lnterjerometry.-Tbe design of apparatus 
for measuring a one-metre line standard by light waves js 
well ndvaneed in the Drawing Office. Both static anJ 
dynamic measurement is planned, and fringe counting 
equipment is being developed by the Electro;iics Section. 

The one-metre end standard interferometer is in the 
hands of the workshop. 

(v) light Sources and Wavelength Standards.-Pco­
gress has been made with the performance of the variable­
gap Fabry-Perot interferometer with electrical controls on 
the plates. Spcctographic equipment is being obtained for 
accurate wavelength measurement and lioe profile studies. 

(b) General Interferometry Studies and Associate 
Research .-The studies on the effects of obliquity in inter­
ferometers and interference microscopes bave been com­
pleted and have been the subject matter of several 
published papers. 

The stucfy of the phase change at reflection on metal 
surfaces is being contioued, and equipment is being 
desig;;cd for very accu rate measurement of two-beam 
fringe displacements by photoelectric means. 

Advice and assistance have been given on ioterferencc 
microscopy, deposition of thin films, and tbe :flatness of :.i 

considerable number of optical flats has been tested. 
(i) Thin Films.- The phase dispersion characteristics of 

multi-layer dielectric films have been studied by Lbeoretical 
and experimental methods and the results have been. 
prepared for publication. 

A large number of met~llic coatings have ~een prcpa:ed 
for graticules, and ~ wide range of coatings covering 
dielectric, bismuth oxide. and i:i1~t.al films have. been p_ro­
duced for the Division, other Dtv1s1ons, and outside bodies. 

(c) £11gi11eeri11g Metrology.-(i) General Meas11reme11t 
and Co11s11/tative Service.-Tbe number and variety of 
measuring tools, instruments, gauges, machine tools, anJ 
compv .. cnts examined on behalf of other Departments and 
iodustrial organizations have increased. A major project 
in Lhis field has been the assistance given to the Small 
Arms Factory, Lithgow, in relation to the gauging 
programme for the 7.62 mm. rifle. 

Industry bas shown an increased awareness of the need 
for precision measurement and the Division has advised 
on a wide variety of n~easurcment problems. 

(ii) Gears and Gear Hobbing Equipment.-A gear 
wheel hobbing machinl! and test gears together with a 
number of kirgc marine turbine reduction gears have 
been examinr.d on behalf of the Department of Defence 
Production. 

A port:1ble instrument for the accurate measurement 
of adjacent pitch errors of lnrge gears has been designed 
and constructeJ in Lhc Division. 

A number of other types of gears have been examined; 
in all cases the assistance of the Division was sought as a 
result of failure in service or difiiculties in assembly. 

(iii) Air Gauging.-A new development in this field has 
been a measuring unit suitable for the continuous gaugiog 
of certain sheet material during production; this work 
was undertaken on behalf of an industrial organization. 
An experimental unit is undergoing factory trials. 

The special equipment associated with a research project 
for the Division of Physics has been completed and is 
now in use. 

Some measurements employing air gauging techniques 
were undertaken on behalf of the Australian Atomic 
Energy Commission. 

(iv) Screw Threads.- A wide variety of screw gauges 
rind threaded compon-::nts have been examined. A number 
of taper threaded gauges made to Lhe specifications of Lhe 
American Petroleum fostitutc have been examined on 
behalf of on overseas industrial organization. 

(v) Dividing Engi11es.-Both the linear and circular 
dividing engines have been used to produce a variety of 
scales l'nr Nallon;il Stnnclnrds Laboratory projects; the 
circular engine has also been used as a measuring instru­
ment for angular measurement at radii of the order of 
20 in. 

(vi) Eq11ip111en1 and Dcsign.-Designs bave been com­
pleted of a number of new items of equipment and of 
improvements to existing equipment. Manufacture of U1is 
equipment has been disappointingly slow owing to the high 
loading on existing workshop facilities. 

(vii) Lapping lnve.rtigations.-The work mentioned in 
the previous report on the sharpening of microtome knive~ 
has been completed. The equipment and technique 
developed for sharpening these knives enable this work to 
be done by comparatively unskilled operators in less time 
than is required by skilled operator,; using conventional 
methods. The apparatus is being made commercially and 
instruction in its use was given to two groups of histolo­
gical technicians from institutions where the method has 
been adopted. The main feature of the apparatus is the 
subject of a patent application. 

Following a request from the Blood Transfusion Service 
of the Red Cross Society, a satisfactory method for sharp­
ening hypodermic needles was developed in collaboration 
wilh. the Society. The prototype equipment provides for 
the sharpening of needles in batches of six aod the time 
required per needle is not more than 20 sec. 

3. MASS AND ASSOCIAT!!D QUANTITIES. 

(Division of Metrology.) 

(a) Standards of Ma.vs.-Thc intercomparison of the 
Laboratory reference standards of mas,; has been con· 
tinucd, values having now been obtained for all standards 
down to 10 milligrams. 
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The special balance, which was ordered for use in the 
maintenance of the Australian national sta11dard of mass, 
has been received, and preparations for its installation are 
i11 hand. 

A I lb. weight of stainless steel was verified to a special 
order of accuracy for the Dominion Physical Laboratory, 
New Zealand. 

(b) Barometer Calibratio11.- The design of a primary 
reference standard barometer has been completed. A 
more compact version of the electronic pressure controller 
al present in use is being constructed. No major desigri 
changes have been made, but the new instrument should 
give greater convenience in use. 

(c) Density Measurement.--Special equipment has 
been installed for the routine calibration of hydrometers. 
The volume of this work has undergone a steady increase 
and it now occupies almost the fu ll working time of the 
present equipment. 

An investigation into the density of germanium has 
revea.lcd a discrepancy between measurements m'adc 
during the year on a large single crystal and similar 
measurements made some twelve months previously on 
another crystal. The cause of the discrepancy is being 
sought. 

(d) Photogrammetry.-Additions to the calibration 
facil ities were made to enable two cameras of the so-called 
distortion-free type to be calibrated for the South 
Australian Department of Lands. It is expected that 
further calibrations of this type of camera will be required 
as it is being adopted also by other State mapping 
authorities. 

(e ) Time-interval Meas11rement.-The high-stability 
portable frequency standard was put into continuous 
operation during the year. 

The final design of equipment for the routine measure· 
ment of geometric errors in watches was commenced. 

Equipment is being assembled for a photographic 
method of rating time-of-day watches. 

(/) Measurement of Fluid .F/ow.-Requests for thi~ 

type of work were again received from various industries 
and were dealt with wherever possible, and a gas-velocity 
measuring instrument was obtained to assist in some ot 
this work. 

(g ) Volumetric Glassware.- Included in the large 
quantity of test work which was dealt with in this fielci 
were a number of items for use as standards by the 
Weights and Measures Section of the Tasmanian Depart­
ment of Labour and Industry. 

4. APPLIED ME'.CHAN!CS. 

(Division of Metrology.) 

Requests for advice and assistance in vibration 
problems have again been numerous. To divert some of 
this load, a survey is being made of consulting engineers 
and others who may undertake this work. 

(a) M easurement of the Physical Quantities.-( i) 
Force.- Coosideration was again given to the provision of 
the equipment reqLLired for the calibration of portable 
load measuring devices such as proving rings and 
standardizing boxes. 

(ii) Hardness.- A report on a method of measuring an 
indenter force of 1 kg. has been prepared, and some 
experiments have been made on the new-type .150-kg. 
single proving lever for the measurement of mdenter 
force. 

( iii ) Jmpact.-The apparatus constructed during the 
previous year has been used satisfactorily in the calibra­
tion of impact testing machines in industry. 

F1 !!'ther investination into possible errors m impact 
testing machines i; proceeding. 

(b) Vibratio11.- (i) Vibration lsolatio11.-The main 
project has been the study of seismic mountings for equip· 
ment. A theoretical analysis was made, followed by 
experimental work involving the examination of machine 
tools instlllled on large seismic mountings designed by 
various firms in consultation with the Division. A report 
was completed on the large roll-grinder mounting ( I 20 
tons seismic mass) referred to in the last Annual Report, 
and the test results were consistent with •th.e theory. A 
new mounting (50 tons seismic mass) for a gear grinding 
machine installed at the Ordinance Factory at Bendigo 
for producing the extremely accurate gears required in 
marine turbines has recently been exami ned fo r the 
Department of Defence Production. 

Load/deflection tests were made on a batch of isolators 
of the type used in the above mountings, and some con­
sideration was given to the possible effects of their 
observed non-linearity on the performance of the 
mountings. 

Performance tests on the smaller Haringx-type vibration 
isolating table have been completed both in controlled 
vibration tests and in service. 

A survey to 1954 of the literature on vibration and 
shock isolation (N.S.L. Tech. Pap. No. 7) was widely dis· 
tributed and is now out of print. lo response to the 
continued demand, the survey was completely revised and 
brought up~to-date, and wiU be published soon in the 
same series. 

(ii) Vibrarion Measurement.-Some further work has 
been done on the development of capacity-type vibrntion 
transducers. A protoype for a miniature air-gap capacity 
transducer with acceleration res1mnse is being made. A 
considerable amount of ad hoc vibration measurement 
work has been done during the year. One important 
undertaking was the measurement of the vibration charac­
teristics of gear-boxes for the main propulsion machinery 
in Australian warships for the Navy Department. 

A prototype. adjustable-resonance calibrating table has 
been made for calibrating the smaller accelerometer-type 
t ransducers and promises to be very satisfactory in the 
frequency range up to about 150 cycle/ sec. 

Many demands for vibration services have been satisfied 
a nd numerous enquiries answered. These have reduced 
progress on research projects. 

( iii) Dynamic Balancing.-Calibration services have 
been given to tbe Navy Department in the examination of 
dynamic balancing machines and to industry in dynamic 
balancing in general. 

(c) Engineering Design Analysis.-(i) Design Tech-
11iq11es.-As in the previous year the emphasis has been 
on the teaching of this subject. A series of lectures was 
given throughout the third term of 1957 to fourth-year 
engineering student~ of the Ur.iversity of Sydney. 

The Division held a summer school on " Geometric 
Analysis of Engineering Designs" early in February, 1958. 
The course occupied a week of lectures ancf tutorial 
periods and was designed to assist University and Technical 
College lecturers in their teaching of the subject in degree 
and diploma courses. A total of ten lecturers attended 
from New South Wales, Victoria, South Australia, Western 
Australia, and Tasmania. 

Work is continuing on the preparation of papers and 
additional problems to iUustrate the application of the 
principles of engineering design analysis. 

Some of the Division's work was submitted for the 
consideration of the American-British-Canadian Con· 
ferencc on Drawing Practice held in Toronto in October, 
1957. 

(ii) Process Variability.-A paper has now been pub­
Iishecfi on the investigation into the relative performance 
of the British and American types of " NOT GO " screw 
plug gauges for unified threads. 

A paper has been prepared on the techniques of dimen­
s·ional analysis of production processes; this technique is 
now being tested in practice. 
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Further work has been done on the tappir.g of nuts on 
bcni-shank, autom:itic lapping machin.:s. lndustrial firm~ 
have co-opera.led in this work by supplying taps, b y the 
lo :ln of a qunrter-inch beot-sbank automatic tapping 
machine for use in the Laboratory, and by incorporating 
the Divisio-i'.> special experiments into the normal pro­
' 'uc tion of their factories. 

(iii) Gcmeru/.- Accurate knowledge of the tool 
geometry us.!d in machining. nod in particular in proccs:1 
variabilit)• studies, is essential, and I.he small metro logy 
group within the Section bas throughout U1e year been 
deve loping various tecluUques for such measurements. 
These have been applied Lo the large numbers of tool'! 
used io the rescatch investigations, including turning and\ 
boring tools, taps, spade drills, gun drills, twist drills, and 
the like. 

A successlul investigation wns conducted for an 
engineering firm on the correct tool geometry and cutting 
conditions for inacbining certain aluminium alloys. 

(d) Machining Research.-(i) Mac/Jinability of Aus­
tralian Materials.-The investigation into Lhe ·machinability 
of Ausrralian-made materials has continued and consider­
able experimentation has been carried out in developing 
iJ1c best techniques. In pursuing this work, the Divis.ion 
has collaborated closely with Broken Hill Proprietary 
Company Limited, who have assisted by supplyir.g the 
material and' by seconding an officer Lo work with officers 
of the Division in carrying out the tests. 

Work h9s also proceeded on the relation between micro­
structure and Lhe machinability of steels, and a paper ha:. 
been publ ished describing a p1.1rticufar experiment carried 
out on SAE I 045 semi-killed steel. 

Concurrently with the above i:westigations, data are 
being accumulated on accelerated tool-Life tests with the 
object of developing a reliable technique for the rapid 
determination of m:ichinability. 

(ii) Cutting Tools.-Thc design of the Kolesov type of 
tool has been successfully applied to the special boring 
tools used for deep hole drilling and boring. 

Full-scale investigation is now being conducted with 
ceramic tools from five different manufacturers. Special 
tools have been developed in the course of research 
in vestigations. 

( iii) Deep Hole Drilling and Boring.-The investigation 
into the machining of tractor bushes in SAE 1016 steel 
has continued along the two lines previously reported. 

(iv) Footror Cuuer.-A pneumatic cutter has been 
developed at the request of the McMastcr Animal Health 
Laboratory for the treatment of footrot in sheep. The 
cutter is designed to replace the hand shears at presenL 
used to pare and trim the affected feet. T ests are r.ow 
being carried oul. 

(v) Basic Research irt Machining.-The literature 
relating to the mechanics of cutting and wear of cu tting 
tools is being surveyed preparatory to commencing 
research in lhesc fielJs. 

(vi) General.-Otber projects undertaken throughout 
the year consist of an investigation on centre1ess bar 
turning, some tests 011 I.be machinability of aluminium 
alloys, and free-cutting brass and the use of carbon 
dioxide in drilling. [n conjunction with Lbe Electronics 
Section, a special mulli-cbaonel recording instrument is 
being developed for use with a strain gauge dynamometer 
for measuring tool forces. Advice was given on a number 
of machining topics in reply to inquiries from industry. 

XXIV. PHYSICS. 

1. GENERAi#• 

Physics i,s one of the basic scientific disciplines, and the 
techniques of physics are essential in varying degrees to 
a ll the other sciences. Work in physics is undertaken in 
all the laboratories of Lhe Orga niz:i tion, but the Division 

which is responsible for the maintenance of the Common­
wealth standards of measurement in heat and light is the 
Division of Physics-an integral pan of llie National 
Standards Laboratory in Sydney. lo its Heat Section the 
Division also studies both theoreticaJJy and experimentally 
the properties of materials at very low temperatures and 
in its Light Section studies solar phenomena . 

'Ibis Chapter describes the work of the D ivision of 
Physics. The Division's work in solar physics is described 
in Chapter XX.VIII., Section 2. 

Division of Physics.-Thc research programmes of the 
Division have continued in the general pattern of previous 
years, and there have been no new major projects ini tiated; 
nor during the year have there bcon any changes in senior 
or administrative staff. 

D uring Lhe year, Dr. R. G. Giovanelli, the leader of 
the L ight Section, visited laboratories overseas and 
attended conferences in Great Britain, Europe, and North 
America. 

Lectures on photometry and colorimetry bave been 
given during the year, including a post-graduate cou rse 
entitled: " Physical Aspects of Colour and Colour Measure· 
ment ", given in coliaboration with the New South Wales 
University of Technology. Lectures were given as part of 
the "Winter School of Microscopy" al the University of 
Sydney. 

Jn the Heat Section, the amount of equipment calibrated 
has been greater than in any previous year; and there have 
also been more requests from industry and scientific estab­
lishments for assistance in the solution of problems. 

The Division has undertaken its programme of observa­
Lions as part of Australia's contribution to the Interna­
tional Geophysical Year. 

2. HEAT. 

(D ivision of Physics.) 

The principal fields o,f work in heat are temperature 
measurement, hygromeLry, viscometry, and low tempera­
ture physics. Research and developmental work is in 
progress in each of these and is mainly directed towards 
the improvement of standards of measurement, and the 
development of new or better methods of measurement and 
control, or to more fundamen tal investigations. 

(a) Measurement and Co1111'ol of Temperatw·e.-(i) 
lntematio11al Temperature Scale.-The need for a uniform 
and accurate means of measuring temperature has long 
been recognized by the specification of an International 
Temperature Scale. The improvement of this scale, its 
extension beyond its present r::inge, and an increase in 
accuracy of temperature measurement generally are among 
lhe aims of standards laboratories. 

D uring the year tbe accuracy of the Laboratoty's 
realization of the Scale at high temperatures bas been con­
siderably increased and proposals have been formulated 
for its extension to well below the present lower limit ot 
-183° C., based on an investigation of the temperature 
dependence of the electrical resistance of platinum. The 
scale above 1,063° C. has been intercompared with that 
of the National Physical Laboratory, E ogfand. 

The suitability of tbe melting points of certain metals 
for use as primary or secondary fixed points is being investi­
gated, and limitations in the accuracy of platinum 
thermometers are being examined. 

(ii) Thermomerry and Pyrome/ry.-As io previous 
years advlce bns been given or, where desirable, investiga­
tions have been made, on many scientific and indust rial 
problems in temperature measurement and control. More 
than 60 industrial installations for heat treatment have 
been tested and more than 400 lcmperature measuring 
instruments calibrated. 

l 
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(iii) Temperature Control.-Equipment designed iu the 
Division for use in the lowering aud control of human 
body temperatures for surgical purposes (hypothermia) is 
now in routine use in two hospitals for cerebral and heart 
surgery. 

(b) Hygrometry.-Activities in this field have included 
the maintenance and ex.tension of standards facilities, the 
testing or a wide range of hygrometers, the solution of 
speciaJ problems for industry, and the further development 
of hygrometric techniques. 

(i) Electrolytic Condensation Hygrometer.-T his new 
type of hygrometer, which makes use of a s ingle crystal 
of a water-soluble ionic substance in a miniature isothermal 
enclosure, is able to provide a very rapid response and 
exceptionally high accuracy. Its characteristics have 
aroused much interest both locally and overseas. 

A prototype instrument to the Division's design has been 
made by a local firm with a view to commercial produc­
tion. Other instruments, designed to be suitable for use as 
Laboratory standards for humidity measurement, are near­
ing completion. 

A survey has been made of salts likely to be par;icu­
larly suiteu for use as crystal elements. Io the course of 
this work a method has been developed for measuring 
the relevant eutectic temperatures of very small quantities 
of material. 

(ii) Probe Hygrometer.-A technique suitable for 
measurements at sharply located points has been developed 
which makes use of a simple and 1eliable calibrator unit 
together with small probes of rapid response and good 
short-term stabil ity. The probes are connected to an 
electro,1ic indicator which has been redesigned to provide 
a Ii11ear relative humidity scale adjustable for individual 
probe calibrations. 

(iii) Moisture Content of Very Dry Gases.-The 
moisture content of a gas which is nominally dry at atmos­
pheric pressure is often measured by determining its frost 
point at high pressure, where deviations of water vapour 
density from perfect gas behaviour may amount to as 
much as 50 per cent. Measurements at atmospheric pres­
sure with a two-stage physical absorption method are in 
good agreement with values computed from bigh pressure 
measurements using published virial and interaction co­
efficients, and have confirmed the practical possibility of 
obtaining accurate results by using the electrolytic conden­
sation hygrometer on the highly compressed gas. 

(c) Viscometry.-The standard procedures for visco­
metric measurements make considerable use of transfer 
liquids, which are subjected to measurement at one rate of 
shear and then used at another to build up the viscosity 
scale. These procedures at present suffer from serious 
limitations due to the kinetic energy correction of conven­
tional capillary viscometers and uncertainty as to the effect 
of rate of shear. A new and simple form of capillary vis­
cometer developed in the Division eliminates the kinetic 
energy term and enables the effect of shear rate to be deter­
mined precisely. 

(d) Low Temperature Physics.-(i) Low Temperature 
Research Facilities.-The helium liquefier has continued 
to operate very satisfactorily and to meet all calls made 
on it. An air liquefier, recently installed, has proved of 
great value and has supplied all the requirements (about 
I 0,000 litres per year) of the National Standards and 
Radiophysics Laboratories. 

(ii) Conduction Phenomena in Solids.-Studies of the 
basic structure of metals and allovs from measurements 
of their electrical and thermal conductivities over a wide 
range 0£ temperatures have been continued. These have 
included the investigation of the mutual interactions be­
tween electrons, lattice vibrations and lattice imperfec­
tions in the transition metals iron and rhodium and in 
alloys of gold with platinum and chromium, and the study 
of the nature and concentration of the lattice imperfec-

tions in gold alloys and alpha brasses. The latter investi­
gations have been particularly related to the effects of 
plastic deformation and annealing. 

Additional information about the interaction pheno­
mena can be obtained from the thermoelectric forces, 
measurements of which will be commenced shortly. For 
this an amplifier is under construction which should be 
capable of measuring 10-11v. 

(iii) Paramagnetic Reson<111ce.-Studies of the internal 
forces in crystalline solids containing paramagnetic 
material, from measurements of the frequencies at which 
microwave radiation is absorbed in the presence of a 
magnetic field, have been considerably extended. 

Spectrometers for use at 4° K. have been brought into 
use and research has been undertaken on the interactions 
between pairs of magnetic spins in a material which is 
favourable for elucidation of the basic interactions 
involved. 

Paramagnetic resonance phenomena have been utilized 
elsewhere in the design of a microwave amplifier 
(" maser ") of remarkable sensitivity-a development of 
immense importance in both pure and applied science. 
Co-operative work with the Divisions of Radiophysics 
and Electrotechnology has been commenced which is 
directed towards the development of a similar amplifier 
and preparations are being made for measurements on the 
relaxation processes which are fundamental to maser 
action. 

(iv) Temperature Measure111e11t.-As part of the inves­
tigation of the electrical resistance of platinum a number of 
platinum thermometers have been calibrated down to 
14° K. for use as substandards in the calibration of 
carbon resistance thermometers; thus improved accuracy 
for specific heat measurements is provided. 

Preliminary investigations have been made on the use 
of a particular type of nuclear resonance for temperature 
measurement down to about 10° K . 

The accuracy of temperature measurement in terms ot 
the vapour pressures of liquefied gases has been im­
proved by the development of an optical system for view­
ing a mercury miniscus with a precision of setting of 
0.02 mm. 

3. LIGHT. 

(Division of Physics.) 
The work of the Light Section covers the fields of 

photometry, optics, and solar physics, some of the work 
in this latter field being part of Australia's contribution 
to the International Geophysical Year. T he Section is 
responsible for the maintenance of the various photo­
metric standards of measurement, for undertaking cali­
brations and precise measurements, and for providing 
technical guidance in the fields of photometry, colori­
metry, and optics. The Section's main research interests 
are in the optical properties of diffusing media, the quality 
of optical images, and solar physics. 

(a) Photometry.-Of the numerous photometric tests 
and calibrations carried out during the year, those most 
frequently required have been the calibration of lamps 
and illumination meters, the testing of reflectorized 
materials and road-sign photometers, the measurement 
of transmission and reflexion properties of materials for 
ultraviolet, visible, and infra-red radiation, the measure­
ment of the spectral energy distribution of light sources, 
the measurement of colour and colour difference, and the 
calibration of photoelectric haemoglobinometers. 

(b) Optics.-Facilities are maintained for precise 
measurement of optical properties of materials and the 
geometrical parameters of lenses. Technical inquiries 
have been received covering a wide range of problems 
involving the production or use of optical instruments. 
One of these problems was the testing and adjustment of 
a 10-in. diameter telescope objective from the Common­
wealth Observatory, Canberra, used in the time service. 



.. 

113 

. (i) Opcical Ptoperties of DiOusing Media.- The Divi­
sion has continued its experimental study of the optical 
propenics of opaque diffusiog media, particularly those 
properties which affect tba colour. lt has been found 
that the reflectance o( pigment suspensions in clear 
matrices is independent of the pigment concentration 
except at exceedingly high concentrations; this result is 
in general agreement with theory. Further experiments 
have been carried out on the beh;lViour of pigment mix­
tures, and it has been shown that, provided the pigment 
particles arc well dispersed, simple isotropic scatterit1g 
theory permits accurate prediction of the colour. 

Whereas Lhc above experiments relate only to opaque 
uiil'users, U1e behaviour of translucent diffusing layers is 
also of great pract.icnl interest; for example, in the 
opacity ol' paint h·.yers. A simple theory of light diffusion, 
the Kubeika-Munk theory, has been applied to the photo­
metric problems involved in lhe use of " hiding power 
boards., to measure pilinc opacity. ft J1as been shown 
Lhat such measurements have little meaning unless the 
boards comply with suitable specifications and a basis for 
selling up such specifications has been established. 

(H) Optical Image Qua/i1y.-lovestigations have been 
continued on the theory of image formation in optical 
systems. Previous work has been concerned chiefly with 
incohereOl illumination. The intermediate case of 
partiaUy coherent illumination is important in microscopes 
and projector systems, and now work in the Division has 
led to a general theory of image formation that is applic­
able to any degree of coherence. Equipment for assess­
ing the quality of an image by measuring the contrast 
traosfer function of the optical system is under 
construction. 

The performance of aa optical system such as a tele­
scope depends on the instrument itself a.nd on the optical 
uniformity of' the light palh through t11e atmosphere. ln 
large astronomical telescopes the intervening atmosphere 
sets the Umil in pcrformnncc to practical observations. 
This phenomenon is being investigated theoretically and 
experimentally, by using as a simplified model of the 
atmosphere o sinusoida l disturbance. 

(iii) OpJicaf A llgnment.-Tbe problem of alignment is 
of considcrnblc importance in many fields of engineering. 
Most methods used arc mechanical; even conventional 
alignment telescopes depend on rhe mechanical acx:uracy 
of construction. However, it has been shown recently 
elsewhere that precision :ilignmenl is possible m.ing a 
" lens •· with a conical surface which. with a point source 
as object. gives an "image " consisting of a straight line 
along the axis. 

As this " image " is a manifestation of spherical aberra­
tion, it would be much simpler to use a lens with spherical 
surfaces. designed to have sufficient aberration. since such 
surfaces are much easier to manufacture and test Theory 
has shown thal the precision to wbieb settings can be 
made is almost as high for a lens as for a cone, and, 
with a lens of 3-in. diameter, settings can be made to 
better lhan J sec. of arc up lo distances of over 100 feet. 

(c) Sola;· Pltysics.-Tbe work of the Division of 
Physics on solar physics is described in Chapter 
XXVIJ I., Section 2. 

4. EJ. BCTRONlCS. 

(Division of Physics.) 

This Section renders assisu1acc to the other Sections 
and is collaborating in the measurement of certain nuclear 
standards. 

Examples of electronic apparatus designed or con­
structed arc-

(a) A photoelectric servo system for the control of 
a physical balance for tbe measurement of 
strong magnetic fields; 

F.6733/ 58.-8 

(b) a nuclear resonance lbcrmomt:ter using the quaJ­
rupole resonance of Cl, and 

(c) tho control to I in IO of currents up to 10 J\ 
in an electromagnet by means of a galvano­
meter amplifier aad power transistors. 

:>O<V. ELECTROTECHNOLOGY. 

l. GENERA~. 
Electrical measurements anti electronic instrumentation 

arc play1ng an ever increasing part in AusLCalian indus­
try und many more firms are now interested in building 
up their own test and me<1suremcnt facilities. As an essen­
tfal par,t of this instrumentation the Division of Electro­
tecbnology maintains the Commonwealth standards of 
measurement or electrical quantities. It also maintains the 
Commonwealth stand<trd of measurement of frequency in 
conjuncLio11 with the Commonwealth Observatory, Mount 
Stromlo, and other standards derived from freq uency, 
rcsis:ance, and electromotive force. The Division under­
takes ilie caJibration of clinical instruments and carries out 
research to improve and extend electrical measuring and 
standnrds facilities. 

This Chapter reports the work of the Division of Electro­
lcohnology together with that of the ElcctricaJ Research 
Board, established in collaboration with the Electricity 
Supply Association of Austn1lia to encourage research 
within the universities (see Section 8). 

Division of £/ectrotech11ology.-There bas been no 
major change in the work of the Division during the 
current year. However, in view of the increasing use of 
high voltages in Australia for the transmission of elec­
tric power, i1 has become evident that the Division must 
correspomlingly expand its high voltage measuring 
facili ties. With lhis in mind, Mr. Clothier visited national 
laboratories overseas lo study research and facilities in 
l1igh voltage measurement. 

2. DIRECT CURRENT. 

(Division of Electrntccbnology.) 

(a) Primary E/ec1riot1l Stmulards.-The electrical units 
arc not arbitrary like Lhc metre, kilogram, and second, 
but nrc defined uniquely in tem1s o.r them by the laws 
of electromagnetism. The basic electrical standards 
must then be pieces of equipment whose electrical pro­
perties can be calculated from their dimensions. These 
calculable standards arc then used to calibrate other 
standards in the more convenient form of resistance coils 
aml standard cells which must be stable enough to pre­
serve t11e units io the intervals between such absolute 
determinations. 

The work on calculable capacitors (see Section 4 (a) (i} 
of lhis chnpter) will uhimatcly enable the Division 10 under­
take absolute determination of the ohm. In the meantime 
it is necessary to rely 011 check calibrations of a group of 
coils and cells by other national laboratories. 

The resistance coils from the Australian primary group 
were checked at the National Physical Laboratory, and 
also enlarged with coils of American manufacture calibra­
tecl tind selected by the National Bureau of Standards. 
The resulting intercomparisons have shown that the unit 
of resistance bas been maintflioecl relative to the two over­
seas standards to within one part in a million. 

Standard cells from the primary group were also checked 
at the National Physical Laboratory, and have show!\ 
agreement approaching one part in a million for lbe uni"s 
of voltage in the two countries. A number of new cells are 
under observation so that the most suitable ones can be 
selected for addition to the primary group. 

(b) "Build-up" flesistor.-A report has been received 
on the special 1-100 ohm " build-up " resistor presentei.l to 
the International Burenu of Weights and Measures which 
shows that it has proved very satisfactory for this purpose. 

1 
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(c) Low Freque11cy Meas11reme11ts.-Many of the 
problems of precision resistance measurements could be 
simplified by the use of low frequency altematino current 
rather than direct current. Equipment bas been a~sembled 
for the precision measurement of resistance at 4 c/ s to test 
the possibilities of this technique. 

(d) Ca/ibra1io11 Service.-The calibration of other 
laboratories' D.C. reference standards has now grown to 
such a volume that it is necessary to limit the service 
strictly to this type of work. 

There remains a fairly large unsatisfied public demand 
for less precise cleclrical calibrations. ln New South Wales 
in particular the Sydney County Council and the New 
South Wales Government Railways have been most helpful 
in trying to satisfy some of this demand. 

3. POWER FREQUENCY. 

(Division of Electrotechnology.) 

(a) Extension of Frequency Range.-Owing to the 
increasing application of electrical equipment operating on 
400 c/ s, 800 el s, and higher frequencies, attention has 
been directed towards the problem of testing electrical 
indicating and measuring instruments at these frequencies. 
Although a few of the L aboratory's low frequency stan­
dards are suitable for use at higher frequencies, in the 
majority of cases new instruments and modified techniques 
are found 10 be necessary. As a first major step an order 
has been placed for two high-power electronic amplifiers 
which, together with a driving oscillator, will serve as a 
power supply for the frequency range from 50 to 5,000 els. 

(b) Crossed Cylinder Capacitor.-Various arrange­
ments of crossed cylindrical tubes, one of them carrying a 
short cylindrical guarded electrode, have been tested for 
use as three-terminal air capacitors at voltage ratings up to 
J 40 kV. The capacitance value may be obtained from a 
calibration in terms of the electrode spacing or, if higher 
accuracy is necessary, from a bridge measurement taken 
immediately before use. 

(c) Chopped Wave Sphere Gap.-The addition o f a 
sphere and resistor to a conventionaJ measuring sphere 
gap has enabled the latter to be used for the controlled 
chopping of a standard impulse wave. 

(d) Evaporation P/0111.- A small vacuum evaporation 
plant has been set up in order to supply a variety of needs 
arising in the development of special instruments such as 
lhe calculable capacitor and the new standard electro­
static voltmeter. 

4. A UDIO AND RADIO FREQUENCY. 

(Division of Electrotechnology.) 

(a) Calculable Capacitor and Absolute Determination 
of the Ohm.-(i) The Capacitor.-T he calculable capaci­
tor has now reached an advanced stage of development. 
lt is in the form of four insulated cylindrical bars mounted 
vertically and parallel to each other in an external cylin­
drical shield, the effective length being determined by the 
end separation of two metal shield tubes inserted along 
the axis of symmetry. The capacitance value defined by 
the standard is the capacitance change computed from the 
change in the effective length when the shield tubes are 
moved along the axis of symmetry. This change is measured 
directly in wavelengths of the green radiation from an 
electrodclcss mercury 198 isotope lamp with the aid of a 
Fabry Perot interferometer mounted in the ends of the 
shield tubes. The upper tube can be translated vertically 
along the axis of symmetry through a total travel of about 
five and a half inches by means of a precise screw. The 
lower sh ield tube can be translated vertically through a 
range of a few wavelengths and can also be tilted in two 
directions at right angles for fine adjustment of the inter­
ferometer plates for parallelism. These adjustments to 
the lower shield tube are performed electromagnetically. 

ln audition the electromagnetic control is used to impart a 
small vertical oscillation to the lower shield tube and thus 
to the optical path difference. A photomultiplier tube 
detects the corresponding cyclic variations in the intensity 
of the central fringe, the mean intensity of which can be 
brought to a maximum by vertical translation of the lower 
shield tube. Jn use lhe shield tubes are varied in separa­
tion by an integral number of half wavelengths, the initial 
and final positions being located at intensity maxima for 
the central fringe . T he actual number of half wavelengths 
in the interval is determined by a build-up procedure. 

The capacitor nnu interferometer assembly are enclosed 
in an evacuated chamber in order to eliminate uncertainties 
in permittivity and refractive index. 

It has been confirmed that the bridge sensitivity, with 
1000 V on the !, pF calculable capacitor, is sufficient to 
enable changes of capacitance of l part in 10' to be 
detected wi th certainty. T he corresponding setting 
accuracy is npproximalcly I/20th of a fringe, and th.is 
limit has also been reached in the preliminary tests. 

(ii) Associated Equipment and Measuring Techniques. 
-A numbzr of very stable components and precision 
mea~uring as~embl ies arc necessary to enable the J-ohm 
resistm.ce standards to be measured in terms of the 
calculable capacitor. T he development of the very stable 
capacitors and resistors is proceccfing slowly. It is desirable 
that these should have a low temperature coefficient, and 
a number of temperature compensated capacitors have 
been desi5ncd. A resistor using bare wire on a glaS!> 
former has been dcveloocd to allow heat treatment of the 
wire after winding. With a new resistance alloy this permits 
adjustment both of the resistance itself and of the tempera­
ture cocfficier.t. 

One of the difficulties of measuring very small capacitors 
is associated with the finite impedance of the leads con­
nectine the cnpaci!or lo the measuring circuit. A new 
method of connexion has been devised in which this type 
of error is not a limitation. 

Further work on noise in thermionic valve amplifiers 
has show.1 that the limiting current sensitivity is set by 
the finite v11 luc of the grid current ancf the input con­
ductance of the first valve. 

(iii) Tlleoretical.-Further theoretical study of the 
propert il:s of cylindrical cross capacitors has shown that 
the condition of mechanical symmetry is not necessary. 

1 There is a very general rela tion connecting the two cross 
capaciwnccs which is valid for all cross sections. If the 
two cross capncila:- ccs arc made approximately equal by 
shi fting one of the cylindrical conductors, then the value 
of the mean capacitance may be computed with very great 
precision. It has also been proved that asymmetry due 
to thin dielectric fi lms on the surfaces is reduced to a 
second-order effect by taking the mean of the two cross 
capacitances. 

(b) Impedance and Attenuation Measurements at 
Microwave Frequencies.-Facilit ies for making impedanc.e 
and other measurements at microwave frequencies hav~ 
been sci up. chiefly in the 9.000 Mc/s range. The design 
of a highly stabilizcu klystron oscillator for this frequency 
is near completion. Equipment for the precise measure­
ment of attenuation at microwave frequencies is being 
d'evelopc<.l . T he stnndard of attenuation consists of a tube 
having an accurate and uniform bore. A specially engrave<.] 
optical scale has been received from England and work is 
proceeding on the associated electronic equipment. 

(c) Frequency M easure111ents.-A new uni t of the 
frequency standard is being developed by using an Essen 
ring crystal as the primary oscillator. A new transistor· 
controllecl oven has been constructed and development of 
a new osci llator circ11it is in hand. It is proposed to con­
struct three of these units. 

Fmther work is being carried out on the mierownve 
frequency measuri~g equipm?nt, to. improve its flexibili ty 
and case of opcr:ihon, while 1r.crcasmg the stability of the 
source oscillator. · 
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1 he l.aboralory's CaciJitics tor accurate frequency 
mca~urcmcnt \\ere used for ob1aining orbital data on lhc 
11n.l ~wo Russian earth i.atcllites by the Doppler shift 
technique. 

(cl) Microwa1•c Spcctro.>copy.-The hyperfine structure 
ol the micrownvc ~pccm1 of heavy water molecules is being 
anaJ} M:d on 1hc high-speed digital computer SlLLlAC in 
a n ntlcmpt to determine more accurately the elec1ric field 
gradient l\l the posttion of 1hc deuteron nuclei in Lhosc 
molecule:. ar d to l!:aim:uc 1he magnetic constants which 
dc:.cribe the smaller effects observed in the spectra. 

t-. lcasurcmcnts of n number o( Jines in the 114SO:i 
spectrum have been made nnd satisfactorily fitted to a 
semi-rigid rotor model with distortion parameters derived 
from the 1·orce constants of a~so... A similar set of 
constc.nts for .1: 1so~. but bused on ·fewer measurements, 
hns ol:.o been found. 

(e) Random Noisc.-A number of problems involving 
rardom voltages in non-linear networks have been investi­
ga1ed. Sigr.al d.:tection circuits nnd other networks have 
heen :.tudied c:<pcrim::ntall}. p:irticuJnrly in regard to the 
probabilit) d1Mnbu1ions of their output vollages. Equip­
mcot, aux1liar} to the electronic probability distribution 
aoaJvser. has been coo~tructed . This has facilitaled au10-
mnt1'c~ measurement procedure:. and the rapid conversion 
of expcrimcntnl results into a fom1 suitable for graphical 
pre!;c tation and calcultuioo. 

(/) Jmpctla11ce Sta11dards for Vuy High Frequencies.­
The greater use of very high frequencies for seIVices such 
as 1cl::, is1on and navig:itional aids has created a demand 
for the corr~ponding basic s1andards of measurements. 
One of the mos1 imponant quantities to be measured is 
the impedance of the various transmission circuits and 
component~. lmpednnce standards are under developmcnL 
to provide calibration Cacilities for the various commercial 
mensuring instrum~nts thot arc now available. At Lhesc 
frequencies it is not possible to derive precise impedance 
~lnntl :mJ's from the: I-ohm resistors maintained al direct 
current, nor from low frequency standards. The most 
promising standorcls arc based on the electrical properties 
of transmission lines calculable from their mechanical 
dimcn\ion~. Precision coaxiul lines with high conductivi ty 
arc being developed for this purpose. The work has been 
~rcat ly ass1~tcd by the use of precise air gauging equipment 
developed by the Division of Mctrology. This equipment 
measures simult:incClusly the diameters of the inner a. cJ 
outer comluctors .>f a couinl line. and indicates directly 
characteristic impedance. 

S. MAONSTIC MEASUREMENTS. 

(Division of Elcctrotcchnology.) 

c.quipmco1 for 1he routine testing of magnetic materials 
have been redesigned to make the besL use of the special 
insll"Uments developed in previous years. Two magneto­
meter clements have been built into a gradient instrument 
10 prov1c.Jc automatic field uniformity control. An exten­
sive invc ligation has been made of the decade tlux linkage 
(!Cnerator to enable this instrument to be used to the limit 
of its uccurncy. These nod other innovations have been 
incorporutcd into the design of a testing console to improve 
the nccurncy nnd speed of s teady-field magnetic testing. 

Mng.11c1izalion curves :ind hysteresis loops can now be 
obt:iincd for samples in various forms and in types of 
material ranging from permanent magnet to high permea­
bility grndes and including feeb ly magnetic samples. 

6. D IELl?CTIUCS. 

(Division of Electrotechnology.) 

(a) Cryftal Gro1d11g.-lt has become clear that pro· 
gn .. -ss in c;cvcraJ of the Jiclcctric research investigations 
depends on the fu rther purific:ation of the compounds 
involved nnJ on the prot!ucrion of single crystals. Exten­
~ ·on of the '' ork on alkali halide!> requires large single 

crys1,1f) grown under c..1rctu11y controlled conditions. 
Single cry:itnls of organic solids arc also desirable LO 
obt.1in lurlhcr information on lhe nature of the imperfec­
tion~ rc:.ponsible tor some types of dieJcccric absorption. 
~pccrnl furnaces have been conslructed and some pre­
liminary experiments hnve been made to determine the 
condition!> of cryslnl growth mo~I likely to yield satisfac­
tory organic crys.als. Jn addition to these preparations 
for growing !>in&lc crystals further studies have been made 
of 1he diclcc1ric properties of polycryslalline materials and 
liquids. 

( b) A llpliatlc Lo11g-clrai11 Compounds.-Previous inves­
t igntions of {:i-phase long-chain compounds having the 
chpole ncnr one end of the chnin were made cbieily with 
esters. However, cthcl's and kctoncs arc simpler types of 
dipoles and recently u number of methyl ethers and methyl 
ke1ones huve been studied. The kctones give no dielectric 
loss. but the ethers give two absorption maxima similar 
to 1hosc previously observed in the methyl esters. 

In the course of the work the frequency factors and 
encq~1cs of activation were de1crmincd, and compared with 
other long-chain compounds. The results confirmed that 
in long-chain compounds 1he logarithm of the frequency 
factor givC.) a linear vnria1ioo with the activation energy. 

With meLhyl ethers in 1he ct·phase the observed dielectric 
absorption is much larger than in the ,B-pbase and is 
:ipprox11m11cly cqunl to rhc value calculated on tbe assump­
tion 1h:11 :\II or 1he molecules contribute to the absorption 
and llint the mechanism involves complete reversal of the 
dipoles. Jn the rPhasc, crystal defects are apparently ool 
necessary for dielectric absorption to occur. 

lnves11gation of ll1c relationship between crystal imper­
rcctions and dielectric absorption in esters bas been con­
tinued. It has been found that the component of the 
absorption which is sensitive 10 plastic deformation may 
be removed by annealing. The kinetics of the p rocess of 
removnl suggest that iL is thermally nctivatcd. 

(c) L.iq11id Sol11tlo11s.-Debye's relationship between 
rclnxndon lime, molecular size, and viscosiLy has not pre­
viou~ly been tested under conditions where it might be 
cxpec1et.1 10 npply. viz. with lnrgc solute molecules in sol­
vents or small moleculnr size. This was recently investiga­
ted in this Laboratory nnd it wns found that, when the 
solute molecules were beLwcen three and five times the 
volume or the solven1 molecules, Debye's equation gave 
::;ooJ at;reemcnt with the observed relaxation times. For 
smnllcr olutc molecules beuer agreement was obtaincJ 
by using a recent equation JcrivctJ by Hill. who considers 
the solvent-solute internc1ion in some detail. 

(</) S11perco1u/11c1ivi1y i11 Mctals.-Work has been 
rompletcd on a theory o( lhc superconducting specific heat 
·md tr:insition temperature in multivalent metals based on 
1hc harmonic motion of the interacting electron-lallice 
system. 

(e) D1clectric 1Jrcn~cJow11.-A review of theories of 
d1clectnc breakdown in alkali halides was prepared. At 
the request of Professor H. Frohlich it was later extended 
to include both C..'\pcrimenlnl and theoretical work. Appar­
atus h:i~ been constructed for e.tepcrimental work on di­
electric breakdown. 

{f) Cetyl A lcvhol.- Omcei:s of the Division of Indus­
trial Chemistry have been in vestigating Che physical pro­
perties of peJlc1s of impure cctyl alcohol to be used for 
sprcatling on reservoirs to prevent evaporation . An im­
po~tnnt aspect of t_his work is the change from a- top-phase 
wh1cll ?ceur~ a1 different temperatures, according 10 purity . 
The d1clcctnc properties are very sensitive to the phase 
change, nod in order to help in this programme a series of 
dielectric me:isurements were made on twelve different 
s:implcs or cctyl alcohol at v:irious temperatures. after 
trcalment in various ways. 

(~) Plnstici;.err /01 Polyvinyl Chloride.-With the 
incrca 'ill!? use in Aulitrnfi;1 of polyvin} I chloride dielectric 
a number of firms arc now producing di-iso-octyl phthalat~ 
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as a plasticizer in the manufacture ot this plastic. H elp 
bas been given to several firms to set up their own cells 
and electrical apparatus for measuring the conductivity of 
their product, which must be maintained within close 
limits. 

7. SPE.ClAL INVESTIGATIONS. 

(Division o( Electrotechnology.) 

Equipment for Bore Hole Loggi11g.-In the previous 
year equipment was developed to investigate transmission 
of information from a probe at the bottom of a string of 
drilling rods to the surface by using vibrational pulses in 
the rods. Such a system allows the logging of geophysical 
drill holes, which mny be for from vertical, without using 
a cable or special rods to insert the probe. In the field 
tria ls a Geiger-counter probe was used to study the distribu­
tion of y-radiation in a drill hole. Satisfactory transmis­
sion was found to be possible up to a maximum of 2,400 
ft. of rod. A provisional patent bas been taken out on 
this system. 

8. ELECTRICAL RESEARCH B OARD. 

T he Electrical Research Board was established with the 
aim of supporting fundamental electrical research in the 
universities and to assist graduates to undertake post­
graduate research. Grants are made for projects suggested 
and planned by the universities. 

The membership of the Board is representative of the 
Electricity Supply Association of Australia, the universities, 
and the Organization. The funds of the Board are derived 
from contributions from member establishments of lhe 
Electricity Supply Association of Australia, and grants 
have been made at various times to most of the universities 
in the Commonwealth. 

Grants made by the Board for the current year include: 
a grant to the Electrical Engineering Department, Univer­
sity of Tasmania, for u new project on non-linear circuit 
theory; n grant to 1he Physics D epartment, New England 
University, for the investigations of arc electrode pheno­
mena; a grant to the Electrical Engineering Department, 
University of Adelaide, to continue the project on network 
analysers; n grant to the Electrical Engineering Depart­
ment, University of Sydney, for research on the dynamic 
stability of alternators; a grant to the Electrical Engineering 
Department, University of Queensland, for continuation 
of the project on the protection of electrical plant against 
lightning. 

XXVJ. RADIOPHYSICS. 

1. GENERAL. 

T he !\ciencc of electronics is fi nding increasing applica­
tion in the modern world. The techniques of radio and 
radar in particular arc widely employed in scientific and 
industrial fields, and the use of higher frequencies and 
pulse techniques have provided new research tools of 
surprising versatility and power. 

The Orga:Jization's Division o( Radiophysics carries out 
research in those fields in which modern radio techniques 
have particular application. It is predominantly engaged 
io a study of cloud and rain physics, and in fundamental 
research in radio astronomy. Its programme also includes 
a study of the physics of semiconductors, in particular of 
transistors, and tht:ir applications in electronic circuits; 
the development o( rndio aids to aerial navigation; ancll 
work on some iispccts of the transmission of radio waves. 

The Organization's researches on the propagation of 
radio waves under the direction of the Radio Research 
Board date back a long way in the history of radio and 
have contributed much to the understanding of funda­
mental conditions and processes in the ionosphere. The 
Board. which was established in 1927, coordinates ~he 
researches of a group at the Radio R esearch Laboratories, 

with allied investigations in the services, the Postmaster­
Gcneral's Department, and the universities. I t fosters 
approved projects in the universities where staff and 
Hudcnt interest exist. 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 Con­
sultative Committee on Radio Research. 

The work of th.: Division of Radiophysics is outlined 
in Sections 4, 5 and 6 of this Chapter, and in Chapter 
XXVIL, Scc1ion 8, and Chapter XXVlll., Section 3. T hat 
of the Radio Research Laboratories is described in Section 
7 of this Chapter. 

Division of lfodiopliysics.-The Division's investigations 
into the practicability of increasing rainfall by seeding 
clouds with si lver iodide from the air have advanced a 
stage further with the initiation of a third large·scale field 
experiment. This trial, which is being carried out in the 
Northern Tablelands region of New South Wales, and those 
already in progress over the Snowy Mountains and in 
South Australia, arc designed to establish reliably to what 
extent rainfall in typical areas of Australia may be 
increased by cloud seeding. 

During the year the Division took delivery of two new 
light twin-ensined Cessna 3 IOB aircraft which are particu­
larly suitable for cxperime~.ts of this type. 

The highlight in radio astronomy has been finalization 
of the plans for Australia's giant radio telescope (see 
Chapter J., Section 13, and Chapter XXVIII., Section 3). 

Dr. J. L. Pawscy, Assistant Chief of the Division, 
attended the twelfth General Assembly of the Union Radio­
scientifique Internationale (U.R.S.I.) at Boulder, Colorado, 
Ur.ited States of America, in August, 1957, and following 
this, at the invita tion of the Radio Astronomy Panel of 
the United States National Science Foundation, spent 
seven months in c ·: tendcd visits and consultations at 
several rac.lio astronomy centres in the United States of 
Americt1. 

The Divil.ion is taking an active part in observations 
ussociaicu with the International Geophysical Year 
(J.G.Y.). 

Radio Re:ienrch Laboratories.- Two pieces of equip­
ment, provided by the United States National Committee 
for the l.G.Y., were installed at Camden, and a re now 
fully opcrathmal. These arc the airglow recorder originally 
dcsigr.ed al the Central Rndio Propagation Laboratory of 
the Bureau of Standards, Boulder, Colorado, and the 
back-scatter ionospheric sounder designed at Stanford 
University, California. An all-sky camera for auroral and 
sky photogrnphy was also installed. 

Tile Chief Officer-in-charge spent two and a half months 
overseas, leading the Australian delegation to the twelfth 
U.R.S.I. Assembly nt Boulder, Colorado, and presiding 
over the sessio;:s of the Ionosphere Commission at the 
Assembly. He also attended the autumn meeting of the 
Physic:il Society of London at Harwell, United Kingdom, 
where he presided at a symposium on ionospheric physics. 

2. CLOUD AND RAJN P HYSICS. 

(D ivision of Radiophysics.) 

This work is reported in Chapter XXVIl., Section 8. 

3. RADIO ASTRONOMY. 

(Division of Radiophysics.) 

This work is reported in Chapter XXVIII., Section 3. 

4. RADIO PROPAGATION. 

(Division of Radiophysics.) 

The Division is represented on the Consultative Com· 
mittee for Radio Research which brings together the 
principal organizations in Australia using radio communi­
cations and those engaged in racfio research, to obtain 
co-operative action towards the solution oi problems 
arising in the use of radio communications. 
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Wor1: has continued OI'. the survey of radio noise levels 
throughout AustraJia at the wavelengths used for broad­
casting and for high-frequency communication. The 
caJibration of all the equipment is being undertaken borh 
to ensure the accuracy of the observational resul ts and to 
provide a basis for comparison of data with the results of 
a world-wide survey of radio noise levels to be undertaken 
by the Central Radio Propagation Laboratory of the 
National Bureau of Standard's, using a different measuring 
technique. 

5. R ADIO NAVIGATION. 

(Division of Radiophysics.) 

The development has continued of a method for obta in­
ing bearing from existing Distance Measuring Eql1ipment 
(0.M.E.) beacons. 

Tests were concluded on the Bearing Measuring Equip­
ment (B.M.E.) installed at Kingsford Smith Airport, 
Sydney, and in an R.A.A.F. Dakota. Radials were flown 
to and from the beacon, and the aircraft posi tion was 
found to be accurate to within ±2° except when near the 
beacon. Aircraft position was checked by tal<ing vertical 
photographs. 

A number of orbits were flown and these disclosed' an 
error of up to I 0° due to lack of symmetry in the pattern 
radfated by the ground aerial. The ground aerial has been 
redesigned and the beacon and aircraft equipment rebuilt 
in a more portable form. Tests wi]I be repeated al 
Kingsford Smith Airport, Sydney, and then at a less 
favourable site where errors due to reflections from 
surrounding hlJls might be expected. 

The Department ol' Civil Aviation has shown interest 
in this work, and made avai lable the sum of £15,000 
towards the uevelopment of prototype B.M.E. 

6. SEMICONDUCTORS AND TRANSISTORS. 

(Division of Radiophysics.) 

The basic physical properties of semiconducting 
materials and techniques for producing them are being 
studied in relation to the cons truction of transistors. A 
complementary aspect of this programme is the application 
of transistors in electronic circuits. 

(a) Semiconductor Physics.-Research has continued 
into three aspects of semiconductor physics, and its applica­
tion to useful electronic devices-

( i) the purification of semiconductor materials, and 
the growth of mor ocrystals; 

(ii) tbe transport of charge-carriers in semiconductors; 
(ii i) the development of junction photo-devices. 

A theoretical expression has been derivccF for the 
m aximL1m purification obtainable by the zone-refining 
pr ocess, and found to be in good agreemellt with experi­
ment. Monocrystals of germanium and silicon have been 
p roduced as required for experimental work, and some 
work done on the influence of growth conditions on crystal 
quality. The silicon monocrystals have a ll been grown 
in ::i large vacuum oven constructed in the Laboratory. 

Investigations of transport propenics of semiconductors 
included HalJ measurements on thin films, a theoretical 
investigation of junctions between regions of low nod high 
conductivity, and experiments on "hot" electrons in 
s il icon. Work on semiconductor devices included the 
development of a mctalli:: contact which is easily applied 
to germanium and s ilicon, and the construction of junction 
photo-position ihdicators. 

( b) Transistor Circuit Development.- Development is 
continuing of a transistorized airborne D.M.E. and an 
experimental model has been test-flown wi~ satisfactory 
results. Th is unit weighs 14 lb., occupies a space twenty 
by five hy eight inches, and consumes 40 watts of power. 
Compared with the existing valve-equipped model in 
service in all commercial aircraft throughout AtlSlralla, the 
t ra i:sistor unit weighs only one-third as much, occupies 
half the space, and consumes one-sixth of the power. 

As test-flown Lhe unit was not completely transistorized, 
two vl!Jves being retnine<l in Hie transmitting oscillator and 
two thytatrons usecJl to modulate the transmitter. A 
modulator using power transistors has now been developed 
t? replace the thyratrons. This involves some complex 
11me-delay regulating circuits, and recently developed high­
speed high-current switching transistors should be available 
to perform this function with greater simplicity in the near 
futu re. 

A Mk. II model with a Veeder-Root counter type of 
distance indicator is under consideration giving much 
improved legibility and distance accuracy. This model will 
provide 48 channels instead of the present 12. 

7. loNOSPHERE. 

(Radio Research Laboratories.) 

(a) Travelling Disturbances.- Regular observations 
have continued for the determination of direction and speed 
of t ravel of disturbances in the F region. The fixed 
frequency observations at Sydney, Camden, and Blaxland 
have been in progress for nine years and the diurnal and 
seasonal v:uiations clearly established. An interesting new 
feature is a marked change in the diurnal variation over 
the last three summers, apparently connected with the 
sunspot cycle. 

Most of the records in the past have been taken in the 
daytime, as disturbances are then most readily observable, 
but improvements in technique have enabled the extension 
of observations over most of the night as well. P hase-path 
recording has been introduced at night which enables more 
accurate observation of small height variations to be made. 

( b) Back-scatter Sounder.-This equipment, the gift of 
the Uni ted National Committee for the I.G.Y., was 
instalJed at Camden in July, 1957. It is one of twelve 
instruments which have been built by Stanford for the 
T.G.Y. and set up in various localities around the world, 
and is the only one in the southern hemisphere; it operates 
on three frequencies in the 12, 18, and 30 Mc/ s bands. 

Back-scatter sounding of the ionosphere is an oblique­
incidence pulsed radar method for the study of the regular 
layers, sporadic E, and a variety of irreguJarities which 
occur within the ionosphere. Whereas vertical-incidence 
ionosphere soundings record in considerable detail only 
those events occurring overhead, scatter-soundings permit 
surveillance from a single location of a considerable region 
oE the ionosphere, up to 4,000 km. radius from the sounder, 
though in lesser detail. Jn addition, scatter-soundings 
facilitate the study of classes of ionospheric irregularities 
which by virtu~ of their shape and distribution in space 
exhihi t marked aspect sensit ivity and can be observed only 
at oblique incidence. After preliminary troubles good 
records have been regularly obtained since September. 
Besides making an interoational contribution to the I.G.Y., 
this equipment should provide information of the state of 
the ionosphere over a vast area, and so contribute to both 
the ttavelling disturbance ptogramme and the study of 
ionospheric trapping of cosmic noise. 

(c) Airglow.-For many years it has been considered 
desirable to include regular observations of airglow in the 
progtainme of the Laboratories. Regular experimental 
study of radiations from oxygen atoms in the ionosphere 
should throw iight on both the l iberation and decay of the 
free electron!! and on the movements of gases in the region. 
Observal ions have continued1 with the airglow recorder 
supplied by the Boulder Laboratories of the Bureau of 
Standards. Aurorae have been recorded strongly, and 
the areas of activity delineated. 

( d) A LI-sky Camera.-Th is equipment was installed in 
October, 1957, and photographs of the whole night sky 
have been taken regularly at five-minute intervals since 
that time. These record any aurorae which mny occur, 
and in conjunction with cameras at other s tations enable 
positions and heights of aurorae to be deduced. 
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(e) True Height Distribution of Ionization in the 
lonosphere.- lonosondes give the " virtual " height of the 
rcHectmg region over a range of frequencies. T his virtual 
height is often extremely different fro m the true heioht of 
reflection; for almost all theoretical studies, and for 
many practical problems, it is necessary or d'esirablc to 
know the real distribution of io;:ization with height. 
Methods of compuling these " N-h profiles " have been 
developed overseas; these have usuaily neglected the effect 
of the Earth's magnetic field and are cumbersome and 
often inaccurate. Actention has been given to the accurate 
computation of such profiles, taking full account of the 
geomagnetic field, and the SlLLIAC computer in the 
Physics Department of the University of Sydney has been 
programmed to give results rapidly. Such profiles have 
been computed for 50 typical Brisbane records. 

(/) Theoretical Studies.-The theory is being sn1died 
of the world-wicfe anomalies of the F~ region, and of tht: 
disturbance variations of this region associated with mag­
netic storms, of the trapping by the ionosphere of medium­
frequency radio waves emanati :-.g from sources above the 
ionosphere, of the origins of the additional traces observed 
on ionograms at frequencies below the gyro-frequency, 
and of the propag~ tion ray-paths effective in " whistler " 
propagation. 

:XXVU. ATMOSPHERIC PHYSICS. 

1. G ENERAL. 

Aviation, agricul~ure, and other diverse activities make 
growing demands on our knowledge of the weather. T he 
Organization has establisbed research. groups working to­
wards a better understanding of the physics of the 
atmosphere. This research is aimed not on.ly at improving 
the forecasting of atmospheric effects, but also at obtaining 
a more fundamental knowledge of the weather and the pro­
cesses which control it. 

The Organization's major meteorological investigations 
are undertaken in the Division of Meteorological Physics 
and are directed not only to improving prediction but also 
to using the science of meteorology to the greatest 
advantage. 

The Division of Radiophysics is engaged on a series of 
experiments in cloud physics and artificial rain-making, 
which have now reached the stage of full-scale regional 
trials to assess whether rainfall can be increased signifi­
cantly over a given target area. 

Australia being the driest of the continents, the Organi­
zation is also attacking the problem of water supplies fr-0m 
another angle. In the D ivision of Industrial Chemistry, 
research is in progress on techniques to retard evaporation 
of water from dams and other storages. Again in full-scale 
field trials these investigations have shown that even on 
large areas of water, losses from evaporation can be very 
much reduced. 

Investigations undertaken by the Division of Meteorolo­
gical Physics at Aspendale, Victoria, are deal t with in 
Sections 2-7 of this Chapter. The work of the Division of 
Radiophysics on rain-making is described in Section 8 of 
this Chapter. The research of the Division of Industrial 
Chemistry on anti-evaporation of water is described in 
Chapter XVII., Section 5 (a) . 

Division of Meteorological Physics.- The research pro­
grammes of the Division have continued unchanged, and 
the year has seen no changes in senior staff. 

Dr. Priestley, Chief of the Division, returned in Novem­
ber, 1957, after leave of absence working in the Depart­
ment of Meteorology of the University of Chicago. 

Members of the Division are giving a course of lectures 
on micrometeorology in the Department of Agriculture, 
University of Melbourne. 

The Division is taking an active part in observations 
necessary for the International Geophysical Year. 

2. D YNAMlC METEOROLOGY. 

(Division of Meteorological Physics.) 
There is a pressing need in meteorology to know the 

effects of heating on flow patterns, and many so far un­
explained phenomena on the largest scale, such as mon­
soons and the details of seasonal behaviour, depend on 
these effects. The distribution over the southern hemi­
sphere of the summer heating of the air below 10,000 ft. is 
being mapped, as the first step in assessing the influence 
of the Australian continent on the whole flow. 

Strongly stratified air is common over Australia and 
gives rise to a variety of associated problems. It is strongly 
afi'ected by orography, and the structure of lee waves, 
which can become a flying hazard, is under experimental 
investigation in collaboration with the University of Mel­
bourne and the Royal Australian Air Force. The theory 
of Antarctic katabatic (downslope) winds, developed in 
1956, has been recently tested, and the sudden onset and 
cessation of wind shown to be similar to the hydraulic 
jump in an open channel. Another analogy, between the 
large-scale horizontal flow of the mid troposphere and 
the vertical perturbations . of a stratified fluid, has been 
found theoretically and opens up prospects of new lines 
of attack on the large-scale problem. 

A study of jet streams in collaboration with the Univer­
si ty of Melbourne revealed areas of negative absolute vor­
ticity associated with strong horizontal and vertical wind 
shear. A year's statistics were built up on the distribution 
of the jet axis in eastern Australia in space and time. 

For quantitative rain fall prediction, statistical relation­
ships were derived between frontal passages, upper winds, 
stability, humidity, and daily rainfall for Melbourne in 
spring. The two most promising indices were stability and 
humidity, but much residual variance remained. 

Studies of the mechanism of cool changes have con­
tinued. It is necessary to supplement the simple model of 
the Southern Ocean front, especially for changes occurring 
in two stages. T he differential heating between land and 
sea carries evidence for the formation of a " coastal 
front " south of the continent, which influences the weather 
sequence associated with the change, while the cooling of 
warm air over water should help to explain the frequently 
unexpected early arrival of the front. The time of arrival 
is urgent in connexion with bushfire control. Special wind 
measurements are disclosing unsuspected features in the 
shape of the wedge of undercutting cold air. 

Recognition of the effect of surface friction has led to 
advance in the theory of fronts, and it may be possible to 
classify into deep and shallow fronts, and into upsliding or 
downsliding conditions (the critical factor with regard to 
rainfall), according to the exact pattern of surface isobars. 

A factual study of the incidence of Australian tornadoes 
and the wind speeds associated with them is nearing 
completion. 

3. MICROMETEOROLOGY. 

(Division of Meteorological Physics.) 
Radiation from the Sun becomes available for 

atmospheric processes, in the main, only after absorption 
at the Earth's surface. This energy is passed into the 
atmosphere by radiative and turbulent transfer of heat, 
and by evaporation. The exchange of mechanical energy 
between the atmosphere and the Earth is achieved almost 
entirely by friction at the surface. Weather phenomena 
on all scales depend ultimately on these exchanges, which 
in turn are governed by physical processes occurring in 
the layer of air immediately above the surface. 

Through observations of the fine structure of tempera­
ture, water vapour, and air motion the principal aim has 
been to elucidate the laws governing the exchange of heat, 
water vapour, and momentum. Specially responsive equip­
ment bas had to be developed. The most recent work 
has defined the response requirements with some precision, 

.. 
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with wind speed, height of observation, and stability the 
main determining factors, and serves to calibrate the results 
from earlier measurements. 

The study of temperature profiles under conditions of 
strong convection has been extended to include wind pro­
files. Simultaneous records or temperature fluctuations at 
different heights up to 100 ft. outJioe the pattern of motion 
and deep penetration of the convective elements. The 
structure of the turbulence is also being examined in 
respect of velocity and temperature correlations over dis­
tances of 50-100 ft. These are fundamental background 
studies with many applications: the transfer problems 
above, seed and spore dispersal, atmospheric pollution, 
and wind stresses on aircraft and fixed structures. 

A mechanical harmonic analyser, designed and built 
in the Division, is now in operation and is being used to 
examine the spectra of atmospheric turbulence. It has 
been used in an analysis of gusts likely to be experienced 
by the radio-telescope structure presently being designed 
for the Division of Radiophysics (see Chapter X:XVIlJ., 
Section 3). 

The instrument developed to provide an accurate, auto­
matic measure of natural evaporation has undergone 
further extensive trials with satisfactory results. This has 
encouraged development of a Mark II. model which is 
now well advanced in the design stage. It will embody 
compactness and comparative simplicity and ~conomy ~ 
operation, and should go far to meet a pressmg need m 
a wide variety of activities involving a knowledge of the 
water balance. These, ranging from the purely meteoro­
logical to studies in agricultural research, include require­
ments met in irrigation and water conservation practices. 

Studies have continued of the exchange of energy and 
frictional stress between atmosphere and ocean, the F.R.V. 
Derwent Hunter again having been loaned by the Division 
of Fisheries and Oceanography for this purpose for three 
weeks in May, 1958. A body of observations was secured 
in a wide range of wind speeds which will supplement 
the results of previous trials. These have shown, inter 
alia, that the stress exerted by light winds is rather less 
than had been thought previously. 

4. AGIUCUL TU.RAL METEOROLOOY. 

(P ivision of Meteorological Physics.) 

The instrumentation developed for studying atmospheric 
turbulence has been used in a variety of agricultural 
problems. A small section has been formed to follow up 
these aspects, with major emphasis on evaporation from 
growing crops under varying conditions. 

Four of the battery of twelve large soil containers ( dia­
meter 5 ft. 3 in., depth 4 ft.) are now in operation, and 
measurements are being made of evaporation loss from 
different bare soils under conditions of plentiful moisture 
supply. Concurrently instrumentation is being set up to 
provide the micrometeorological observations necessary t? 
a proper interpretation of the performance of these lys1-
meters. 

Full exploitation of the lysimeters (the first inst~llation 

of its kind in Australia) will not be possible until each 
container is provided with its own weighing equipment. 
The necessary accuracy (one part in 14,000) makes heavy 
demands on design and accuracy of fabrication. A pro­
totype instrument bas been designed and built within the 
Division's workshop. This machine, a development of one 
built in England at the National Institute of Agricultural 
Engineering, is now ready for trial. 

5. RADIATION. 

(Division of Meteorological Physics.) 

The programme of radiation studies has been !ntensified. 

Continuous recordings have been begun of: 
(a) Total insolation received by a horizontal surface. 
(h) The sky contribution to (a) . 

(c) The long-wave (infra-red) radiation from the 
atmosphere. 

(d) The net radiation income of a grass surface. 

A new weatherproof radiometer of high sensitivity is 
under development for radiation balance measurement and 
is to be employed in a study of the variation of radiative 
flux with height in the lowest 100 ft. at night-a matter 
of interest in problems of frost prevention, fog forma­
tion, &c. 

6. OZONE INVESTIGATIONS. 

(Division of Meteorological Physics.) 

Measurements by the Dobson spectrophotometer of the 
ozone amount at 20-50 km. height have continued through 
the year. This investigation is under international auspices. 
Australian observations are taken at Brisbane by the 
Bureau of Meteorology, by the Antarctic Division (Depart­
ment of External Affairs) at Macquarie Island where good 
results have been obtained in the face of difficult condi­
tions, and at AspendaJe by this Division, which is respon­
sible for the co-ordination and interpretat ion of results. 
The locations were chosen with the requirements of the 
International Geophysical Year in mind. Local variations 
may be related to the weather situation, while, more 
generally, the results are of significance in the radiation 
balance and indirectly for health reasons, while their 
evidence on the general circulation at high levels assumes 
a new importance from the question of global distrubution 
of 1he radioactivity from nuclear explosions. 

7. MISCELLANEOUS I NVESTIGATIONS. 

(Division of Meteorological Physics.) 

As a further contribution to the f nternational vt:v­

physical Year, th:.: amount of radioactivity in precipitation 
is being determined in Melbourne and environs. Chief 
interest lies in the activity from long-lived isotopes, and 
monthly samples are being collected from four stations. 

A calibration service for anemometers is provided for 
outside bodies, and the Laboratory is now registered with 
the National Associat ion of Testing Authorities for such 
work. Among physical apparatus designed for research 
in the Primary Divisions, work is on hand on a single pen 
recorder for recording water levels, rainfall, temperature, 
or humidity for up to twelve months unattended. The 
instrument is intended to be comparatively inexpensive and 
of low installation cost for operation in remote areas. 

8. CI.ouo AND RAIN PHYSICS. 

(Division of Radiophysics.) 

Experimental investigations of the physical processes 
responsible for the formation of cloud and rain were 
initiated in the Division in 1947, following the demonstra­
tion that certain types of cloud could be induced to rain 
by seeding them with dry ice. The initial objective-to 
provide a sound background against which this potentially 
important discovery might be properly assessed-has 
largely been realized, and one important aspect of current 
work is a series of large-scale practical rain-making trials 
designed to provide U1e essential data on which the 
economics of artificial rain-making techniques can be 
realistically assessed. 

Rain occurs naturally by one of two quite separate 
physical processes: by ice-crystal formation in supercooled 
clouds, and by the coagulation or coalescence of water 
droplets in clouds which are warmer than freezing. The 
Division's earlier work established that certain minute 
dust-like particles in the atmosphere ("nuclei ") play a 
vital part in initiating both types of rain, and that by 
supplying appropriate substitutes when naturally occurring 
nuclei are absent or ineffective rain may be induced 
artificially. Work during the past year has been devoted 
for the most part to further studies of the nature and 
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occurrence of " freezing" nuclei, i.e. those responsible 
for initiating the rain-forming process in super-cooled 
clouds, and to large-scale field experiments using the 
most effective artificial freezing nuclei yet discovered, 
namely, crystals of silver iodide. 

(a) Cloud Formatioll and Properties.-Measmements 
of the liquid water content of cumuli by two independent 
methods have shown Lhat there is much less water present 
than would be expected on the basis of the simple adiabatic 
moue! of cloud growth. This can be explained only by 
the mixing of cfry oir with the rising current of moist 
cloud-forming air. It has been shown that the dry air 
which is usually found at the levels of the tops of cumuli 
can penetrate deeply into the cloud in the form of 
·' penetrative downdraughts ". These downdraughts arise 
because the dry air , on mixing with the cloull, causes the 
droplets to cvapor;ite, so lhut ii is cooled, becomes denser, 
u ~·.d sinks. ln this way, a number of observed features of 
cumulus clouds can be explained. 

The extremely rapi<l variations in properties whjch are 
found' during an aircraft traverse of a cloud contd be 
caused by downdraughts of varying age and vigour 
reach ing Llown from the region of the clout! top to the 
level of the traverse, and below. Fast respondjng instru­
ments have been designed with the aim of measuri r.g the 
fine structure of cumuli in order to test out the theory of 
penetra tive downdrnughts. According to this hypothesis, 
small regions of the cloud which are deficient in liquid 
water shot1ld also be colder than their surroundings, and 
should be moving downwards relative to the cloud as a 
whole. 

The theory of the glaciation of cumuliform clouds 
previously developed to explnin the generation of electric 
charges in thunders torms has been extended to give an 
indication of rl1e correct seeding rates to use in attempts 
to stimulate precipitation. The silver iodide generators 
of the type current!y in use theoretically give about th~ 

right number of nuclei for average conditions, but there 
is scope for improvement i•1 the case of clouds which do 
not extencf far above the freezing level. 

Studies of the relation between the microstructure of 
warm clouds and their ability to produce rain, based on 
observations made in Australia and in Hawaii during 
Project " Shower ", have been completed. The marked 
differences previously found between maritime clouds, 
which readily yield rain, and continental clouds, which are 
much less efficient rain producers, may not be attributable 
to the presence of relatively large sea-salt particles in the 
atmosp!-.erc over the oceans, as was previously supposed. 
This question can be solved' fina lly only by measurin3 the 
smaller and more numerous cloud-forming particles, or 
nuclei , and preliminary work has begun or; this difficult 
instrumen1 al problem. 

(li) Natural Rain.-Further studies of the occurrence 
of the minute naturally occurring nuclei which. are 
responsible for initiating the rain forming processes in 
supercooled cloud (the so-called .. freezing" nuclei) have 
conftrmed that their conccr. tration tends to vary simul­
taneously at widely separated localities, and around th<! 
same calendar dates each year. 

(i) Measurement of Freezing Nuclewi Concentration.­
The improved freezi ng nucleus counters described in last 
year's report were installed at four Australian stations andl 
opera ted by Weather Bureau personnel from November, 
1957, to February, 1958. rn addition, the Division 
supplied freezing r. ucleus counting equipment to other 
interested groups at the following sites: Farnborough, 
England; Puerto Rico; West Coast of the United States 
of America; East Coast of the United States of America; 
}fo waiian fslands; and New Zealand. 

The results followed closely the pattern of preceding 
y1.ars, anJ showed an oven\11 tendency to maxima on 
certain dates close to those p1·edicted' by Bower.'s theo.ry 
of a meteoritic influ ·~nce on weather. The same pattern 

was confirmed by independent observers in the United 
States of America, Germany, aml Sol1th Africa, using 
different equipment. 

Jt has become cleat from these (and eat"!ier) measure­
ments that large fluctuations in freezing nucleus content 
may be patchy and short-lived. An automatic nucleus 
sampler is at present being developed to provide a virtually 
continuous record of variations in the freezing nucleus 
concentration. 

(ii) Meteoritic Dust a11d Rainfa/1.- The discovery that 
rainfall tends to be heavier on certain dates of the year, 
and that these dates occur approximately 30 days after 
the Earth's passage through the orbits of the known 
meteor streams, Jed to the formulation of Bowen's theory 
of a meteoritic intluence Oil weather. 

Rainfall data covering long pcrious of years from many 
parts of the world confirm the existence of preferred 
rninfall dates, and measurements of the freezing nucleus 
content of the atmosphere made •ll many widely separated 
places during the month of January, in particular, over 
several consecutive ye::irs have shown that the freezing 
nucleus count tends to be high around the dates predicteJ 
by the theory. Considerable instrumental d'ifficulties are 
ircvolved in establishing the presence of dust of extra­
terrestrial origin at very high levels in the atmosphere. 
However, one of the Division's treezing nucleus counters 
has been adapted for use in a pressurized aircraft and a 
trial s~ries of measurements bas been made at altitudes 
below and above the tropopause. Preliminary indications 
are that the nucleus count above the tropopause is not 
lower than that below it. 

The regular observations of meteor activity by radio 
methods at Adelaide University have been continued. 

(iii) Cirrus Cloud and Rai11fall.-The incidence of 
cirrus cloud at representative stations throughout Australia 
has previously been found lo show fluctuations of larg.: 
amplitude whose maxima coincided closely with those of 
the rainfall for a much longer period and wider area. 
During the past yrar data on cirrus cover have been 
collected from other countries, and it is already clear that 
a close correspondence between cirrus cover and rainfall 
peaks exists also for certain other parts of the world. 
Jts greater abundance some 30 days after the Earth's 
passage through m.eteor orbits provides support for the 
theory for u common origin in meteoritic dust. 

( c) Artificial Sti11111/atio11 of Rain.-The experimental 
programme in the artificial formation of rain covers three 
phases: attempts to st imulate rain over large areas; seeding 
of individwll clouds; and: more detailed investigations into 
the processes involved. In the period ur.der review a large 
effort has b·een devoted to cloud seeding of an ad lzoc 
nature in an attempt to alleviate the drought conditions 
which ptevailed in che eastern States. Continuity :s 
essential in the large-scale experiments, and the effort 
devoted to droughr relief has detracted from that available 
for the other projects. 

(i) Large-scale Cloud Seedin.g.-T/Je Snowy Mountains 
experiment.- Tbe Snowy Mountains experiment is being 
continued A!id has now been in operation for three winter 
seasons. The seed ing season is divided into periods oi 
about two weeks' duration; during any Olle period clouds 
over a target area of approximately 1,000 square milr.s 
are either seeded with silver iodide smoke released from 
an air·craft; or not seeded at all on a random basis. The 
rainfall i.1 this target area i:i cbrefully measured, and 
comparccf with that in an adjac.:nt u::scedcd area, th.:: 
relation between the natural rainfall in the target and 
control areas being determined during the unseeded 
periods. 

Jn the seeded periods there has, on the whole
1 

been 
more rain in the target area than would have been 
expected judging by the rn:nfall in the control area. The 
d ifference between the seeded and unseeded periods is at 
about 97 per cent. level of significance, and the probable 
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"?ag.n.ilude of the increase in rainfall is 15 per tent. The 
s1gtulka11ce of lh~ tcsults has increased as the experiment 
ptogressed, but the estimated ma.t•nittide of the rainfall 
increase has not changed. In the third season rainfall was 
~ow and opportunities fol" cloud seeding were fewer than 
111 previous seasons. 

Operations will continue for at leust another year to 
enable the results to be assessed with greater confidence. 

The Sout/t Ausfralian. experimei!l.-Ai1 experiment 
similar to that over the Snowy Mountains is In progress 
in South Australia. Two areas, each of approximately 
J ,000 square miles, have been selected in the hills north 
of Adelaide, clouds over one or the other being seeded for 
a periou of about t\VO weeks. This proced,urc is expected 
to increase the ease of detection of ihe effects produced 
by che seeding compared with thac used in the Snowy 
Mountains experiment, where only one area may l::e 
seeded because rainfall is not desired in the control area. 
The experiment, which is restricted to the winler months, 
commenced In April, 19571 and wiJI be continued, 
probably for s0me years, to determine the results over a 
long period. 

The New England experlment.- An experiment exactly 
similar to that in South Australia was commenced in Feb­
ruary, 1958, in New England. Two ex1lerit11ental areas 
are centred respeetively at Tamworth ttnd lnverell, and 
one or the other is seeded. This experiment will continue 
all the yeat round with the exception of November and 
December, when it will be suspended in the foterests of 
the wheat harvest. It is expected to continue for several 
years. 

The Warragamba catchment.- A preliminary survey 
was conducted in November, 1957-hnuary, 1958, in co­
operaiion with the Sydney Water Board to assess whether 
this area was a suitable one in which to carry out a long­
term large-area experiment similar to those described 
above, anti to attempt to cause precipitation which would 
help fill tbe Warragamba Dam and thus relieve Sydne)''s 
water shortage. 

C louds were seeded and precipitation followed. The 
survey was terminated when heavy rains causeo the Dam 
to overflow, but how much of the precipitation was due 
to the seeding is not known as this was uot a controlled 
experiment. 

The tentative conclusion was reached that the Warra­
gamba Catchment Area would be suitable for a controlled 
experitnenf. 

The Corella catchment.-A preliminary survey of the 
cloud seeding possibilities in the catchment area for the 
Corella Dam, which is situated between Mount Isa and 
Cloncurry, Queensland, was conducte9 in co-operatio.n 
with Rio Tinto Construction and Development Pty. Ltd., 
during January-April. 1958. Cloud seeding was carried 
ollt but the area was not considered particularly suitat4e 
for a long-term experiment. A secondary objective was 
to try to increase precipitation so as to help fill the 
Corella Dam; some rain fell and the water level rose, but, 
because of the lack of control data, it is not known how 
much of the rain was due to seeding. 

The drought relief operations.-The incidence of 
drought conditio.ns in the first half of the year under 
review led to requests from the Governments of New 
South Wales, Queensland, and Victoria that C.S.J .R.0. 
should carry out cloud seeding operations irt an attempt 
to relieve the situation; conside.rab1e effort was, in fact, 
el': pended in c!rouglit relief operations during the veat. 
These were conducted in co-operation with the State 
Departments of Agriculture and the Weather Bureau; the 
former specified where raib Was most urgently needed, 
and the latter indicated where clouds suitable for seeding 
were most likely to occur. Aircraft were stationed at 
locations chosen as a compromise between these two 
factors, and when clouds appeared they were seeded. 
There is some circumstantial evidence that rainfall was 

increased considerably in Queensland and stlghtly in. New 
South Wales, but in Victoria no clouds. suitable for see<l• 
ing appeared during the periods when aircraft were avail­
able in that State. 

ln these operations DG·3 aircraft were used, the nu014 

ber in openltiotl at one time varying from one to four. 
Crews were provided by the Royal Australian Air Force, 
and each operalion was in charge of an officer from 
the Radiophysics Division. 

(ii) Stimulation of Individual Clouds.-Silver iodide: 
An important factor in cloud seeding (on which at present 
little information is available) is the relation between the 
number of freezing nuclei supplied to a suitable super­
cooled cloud and tbe amount of rain stimulated. An 
attempt to determine this relationship is to be made by 
seeding selected clouds with silver iodide burners, which 
produce different quantities of nuclei, and determining 
the quantity of rain which falls. Suitat4e statistical con­
trols will be applied. 

The electrical teclmiques.-An attempt was made to 
develop apparatus for increasing the coalescence rate of 
cloud droplets, by charging them to opposite polarities. 
A high-voltage alternating potential was to be applied to 
wires extended below a Lincoln aircraft by a trailing 
"bomb". This project bas been abandoned. 

(iii) Properties of Freezing Nuclei.-The mechanism 
of nucleation: Because the way in which natural or 
artificial nuclei produce ice crystals in the atmosphere is 
not well understood1 some basic work bas been started on 
this problem. Large crystals of silver iodide and lead 
iodide were grown and the growth of ice crystals upon 
their surfaced studied microscopically. Among other 
things it is found that the ice crystals grow with their 
axes parallel to those of the nucleating crystal upon which 
they form. 

A theoretical treatment of the nucleation process has 
led to an understanding of the effect of the size of 
nucleating particles upon their ability to produce ice 
crystals under given conditions, and thus to a specification 
of the most desirable size of silver iodide particles for use 
in cloud seeding. It bas also been possible to distinguish 
between sublimation nuclei which produce ice directly 
from water vapour, and freezing nuclei which first con­
dense a droplet of water which subsequently freezes. 

The a ire raj t generator: A new type of silver iodide 
smoke generatqr for use on aircraft bas been developed. 
It is self-contained, and is lighter and more compact than 
the type at present in use. It burns the same acetone­
sodium iodide-silver iodide solution as is used in the exist­
ing type of burner. Jts performance is satisfactory on the 
ground and its freezing nucleus output in the air will be 
tested shortly. 

Grdund generators: Alternative methods for the pro­
duction of freezing nuclei have been developed, some of 
which give promising results when tested on the ground. 
Airborne tests will be carried out shortly. 

XX.VIII. EXTRA TERRESTRIAL PHYSICS. 

1. GENERAL. 

Radio astronomy is one of the most recent sciences, and 
stems from the discovery that heavenly bodies emit radio 
waves as well as light Waves. Working side by side by 
scientists using optical methods, radio astronomers have 
bee!! able to uncover new knowledge, not only of the Siln 
and planets from our solar system, but also of the Galaxy, 
of which We are part, and of the innumerable galaxies 
beyond. The radi'o telescop~. has set new boundaries to 
space, far beyond those at the limit of optical vision. rn 
addlti0n, study of the 21 cm. spectral line or atomic hydro­
gen has yielded a new conception o f the distribution and 
the nature of matter pervading interstellar space and the 
transformations which this matter undergoes in the crea­
tion of heavenly bodies, 



Radio astronomy has formed a major part of the 
research programme of the Division of Radiophysics (see 
Section 3 of this Chapter). Studies of the lonsphere are 
carried out by the Radio Research Laboratories (see Chap­
ter XXVI., Section 7). Work on solar radiation is carried 
out by the Division of Physics (see Section 2 of th.is 
Chapter), 

2, SOLAR PHYSICS, 

(Division of Physics.) 

The cinematographic observations of the chromosphere 
have been continued as part of Australia's contribution to 
the International G eophysical Year and the films obtained 
have provided much valuable data. The study of the 
relationship between flares and surges and of the height 
distribution of limb llares has been completed, and the 
occurrence of a very short-lived flare in a prominence has 
been described. 

With the co-operation of the Division of Radiophysics 
(see Section 3 (b )(ii)) , the association between a class of 
radio bursts conventionally known as type II. and optical 
features in the chromosphere has been investigated. It has 
also been found that the probability of an association 
between a type m. burst and a flare is enhanced when 
the flare displays an initial bright expansion. To throw 
some light on the physical conditions in flares measure­
ments have been continued of a series of low-dispersion 
spectra obtained in 1956. 

Using the 5-in. photoheliograph, studies of sunspots and 
the solar granulation have been continued at the Solar 
Station at Fleurs, some 30 miles west of Sydney. Among 
the problems investigated have been the lifetimes of the 
filaments in the spot penumbrae, the development of 
minute bright regions on the borders of umbrae, and the 
changing appearance of a spot as it moves across the solar 
disk due lo its lower absorption coefficient compared with 
the surrounding material. 

The optical components of the t A tunable filter have 
been completed and a preliminary assembly has brought 
to light some problems which require further investigation. 

The chromospherie patrol telescope at Sydney has been 
equipped with an a lternative high-magnification camera, 
which will be used to investigate possible correlations 
between cbromospheric and photospheric features. Some 
observations have been made to determine the feasibility 
of detecting magnetic fields on the Sun with the aid of an 
H a birefripgent filter. 

3. R ADIO ASTRONOMY. 

(D ivision of Radiophysics.) 

The various special radio telescopes developed by the 
Division have been in regular use throughout the year for 
the study of radio waves which are constantly reachlng the 
Earth from the Sun, from the Galaxy, and from the depths 
of space that lie beyond. The Division's programme covers 
the major fields in radio astronomy and is more compre­
hensive than that being carried out at any other centre. 

An important step in the realization of a " giant " radio 
telescope for Australia was the decision to proceed wilh 
one having an aerial 210 ft. in diameter, mounted in 
altitude-azimuth fashion. This design was evolved by the 
British firm of engineering consultants, Messrs. F reeman, 
Fox, and Partners, in close collaboration with the Division, 
and embodies several novel features which will result in an 
instrument of outstanding performance. After careful con­
sideration of possible a lternatives a site has been selected 
near Parkes, New South Wales, some 200 miles west of 
Sydney. Preliminary construction work wi ll commence 
during 1958, but the radio telescope will not be ready for 
operation until 1961. 

(a) Radio Waves from Beyond 1/ie Solar Sys1em.-(i) 
The Spiral S1ructure of our Galaxy.-Intcrstellar hydrogen 
is concentrated in the spiral arms and in the galactic disk, 

and because of the characteristic radiation which it emits 
at a wavelength of 21 cm., can be used as a tracer to ex­
plore these parts of the Milky Way Galaxy. The main 
difficulty in determining the space distribution of the 
hydrogen in the Galaxy is that the distance of the gas can­
not be measured directly, but must be inferred from an 
indirect argument, which is based on measurements of the 
motions of the gas. 

A first picture of the spiral structure of the whole Galaxy 
has been produced, in collaboration with workers at the 
Leiden Observatory, who have made similar observations 
in the Northern H emisphere. This picture appears to give 
a first approximation, but the problem is complex and 
further observations with higher resolving power are 
necessary, together with advances in interpretation. The 
latter may come in par t from comparisons between radio 
and optical observations in the nearer parts of the Galaxy. 

ll has recently been found that most of the gas in the 
nuclear regions is moving outwards from the galactic 
centre, possibly in the form of embryo spiral arms. This 
phenomenon adds to the difficulty of delineating the spiral 
structure, but a study of it should lead eventually to a 
better understanding of the way in which spiral arms are 
produced in the Galaxy. 

The layer of hydrogen is exceedingly flat in the parts 
of the Galaxy closer to the centre than the Sun. The mean 
plane indicated by the hydrogen in this region may have an 
important dynamical significance in the Galaxy. The 
International Astronomical Union is at present considering 
a revision of the reference plane for galactic co-ordinates, 
to bring it more into line with modern knowledge of the 
shape of the Galaxy. The Division has made a new 
determination of the position of the central plane which is 
based primarily on a study of the Sydney and Leiden 
hydrogen-line measurements, but conforms well to other 
avai lable observations. 

A receiver of a new type in which the frequency band 
is spl it up into 48 separate channels, tuned to a series of 
f"·equencies spread across the range in which the hydrogen 
J:ne is to be found, has now been brought into operation. 
Early observations with the new receiver have shown its 
very great information-gathering power. 

(ii) Results from the 3.5-Mctre " Mills Cross" Aerial. 
-The Division's principal instrument for the study of 
galactic and extragalactic contit:uum rad"iation, the 
1,500-ft. " Mills Cross" aerial, has virtually completed 
its original observing programme and is now being altered 
to measure approximately the angular size of radio source$ 
down to about 15" arc. T his will allow the recognition 
of very distant sources, which are of significance in an 
investigation of cosmological problems, and be of great 
help in idei.tifying many of the radio sources with visible 
objects. The alteration involves the addition of an extra 
aerial at a distance of about six miles from the original 
cross, to be used as an interferometer. 

The observations have provided a vast amount of data 
to be analysed which entails the preparation of catalogues 
of radio sources. A catalogue containing 1, 165 sources 
in an area rather less than half that accessible to the 
i;.strument has been completecf. A statistical analysis of 
the catalogue confirms the earlier work on a more limited 
region described in the last report. No evidence is found 
for any dependence on the properties of the sources on 
distance, although it is found that simple models of their 
spatial distribution nre inadequate. Angular size data, 
determined with the new instrument, ar e required before 
a:1y significant advance is likely in this field. 

A programme of identification of radio sources with 
visible objects is also under way. All the more obvious 
identifications have now been made (about three dozen), 
principally with bright hydrogen emission nebulae, bright 
external galaxies. and clusters of galaxies; the more arduous 
systematic investigations of galaxies which may be abnor­
mally strong radio sources has now begun. There is 



123 

promise of good results for southern objects through co­
op~ration with Mount Stromlo Observatory, where the 
regions containing bright radio sources of accur::itely 
known positions arc being photographed with the use of 
their new 74-inch telescope. So fur about twenty galaxies 
have been noted which nre suspected to emit radio waves 
abnormally. On a i.tatistical basis, it appears probable 
that a rew per cent. of all galaxies may have very much 
higher lhan normal rudio emissio01. 

The structure and properties of L'1e radio Milky Way 
have olso been investigated with this instrument. The 
majority of these observational dnta have now been 
a nalyseu anu mnps have been prepared showing the distri­
bution of radio emission in great detail near the plane ot 
the Milky Way and in smoothed-out form over th~ 

rcmuindcr of the sky. Because of the high resolution of 
1he instrument it has been possible to describe the structure 
of the Milky Way more decisively than has been possible 
hitherto. Three basic features have been recognized: a 
very widespread component extending to great distances 
from the galactic plane (called the corona), a much 
brighter component closely concentrated to the galactic 
plane (the disk), anJ a population of quite io.e:ue n;J10 
sources of small angular size (less than l 0

) distributed 
along the well-defined ridge line of the disk component. 
None o( these are directly related to any stellar com­
ponent of the Galaxy, although the distribution of radio 
i.ourccs has simifarities to that of the extreme Population I. 
stars. 1har is, the youngest nod hottest stars. Work is 
continuing on the astrophysical significance of these results: 
there is probably a connexion with cosmic rays. galactic 
magnetic fields. and the physical processes in supernovae 
explosions. At present the latter appear to be the most 
likely progenitors of galactic radio sources. 

A number of special objects and regior.s have also b:en 
studied. with the :iim of elucidating some physical problems 
associated with rhem. These include the concentrations 
of ionized hydrogen in the neighbourhood of the Great 
Nebula in Orion, several clusters of external galaxies 
including the " Local Suporga laxy ··, and some of the 
stronger southern rndio sources. 

(iii} Ohservntions with the 15-Metre Wavelength 
"Cross" Aerial.-Tbe main observational programme 
during the year has been directed towards the completion 
of a survey of a belt of the sky, to~ wide. around the 
galactic equator. This programme is now practically 
complete. but some repeat observations are required and 
these will be made when the appropriate regions can be 
observed at favourable tjmes of day. In addition, detailed 
~urveys of other, smnller regions have been undertaken, 
notably in some discrete sources in the Magellanic Clouds, 
of the large HII regions surrounding t Ophmchi and in 
Vela-Puppis, and of lhe Orion region. 

As a corollary to 1he disturbing effect of the ionosphere 
on the cosmic noise observations. it is possible to use 
these observations to s tudy the ionosphere. The narrow 
beam of lhe 15-m. "Cross" aerial enables rather accurate 
measurements to be made of the apparent positions at 
trunsit of th.: stronger discrete sources, and a regular 
programme of observations is being underta ken from which 
the ionosperic refractio n mny be deduced. This informa­
tion is needeu in the red'uction of the main series of 
oh-;erval ions. and it will also be rel.t~cd to the characteris­
t ics of the iono ;"·1ere as observed in routine ionospheric 
so mJings. 

The Jorge angular extent of the source Ce::i taurus-A 
(u~oci:11ed with NOC 5128) permitted the study of th.! 
brigh10e:;s di~tribution in •0•1c dc:aiL lt has been possible 
to -.!:ow that the extended component o f this source has a 
di lfercnt spectrum from that of lhe central, " point" 
so•irce. Moreover, the extended component. which is 
very elongated. shows definite evidence of spiral structure, 
am! it is suggesred tha t rhis component might be a com· 
p1mllively "young" fenturc of the galaxy NGC 5128. 

A comparison of Fornux-A (NOC 13 l6) and Centaurus-A 
showed that there are m.irked similarities between the two 
sources. 

Detailed observations of the Large Magellanic Cloud 
now available have confirmed that the HH regions 
surrounding 30 Dorndus is observed in absorption al 15 m., 
and as a result it can be estimated that distanr extra­
galactic ~ources of emission can contribute no more thao 
one-third (possibly less rhan one-fifth) of Lbc radiarion 
observed near tbe galnctic poles; 1he rest must come from 
the gal:lctic corona. The greatest uncertainty in this 
estimate is caused by the incompleteness of optical datu. 
Meanwhile, even the prcscnl cstimnte is valuable both fot 
cosmological theory and for theories of the galactic rndio 
emission. 

On Lhc question of ionospheric refraction, one item or 
interc~I arising out of the p1~lin1inary investigation is the 
imporwncc or horizontnl gradients of elec1ron density in 
producing n prismatic refrnc1ion effect. This often exceeds, 
and may oppose, the expected refraction due to iono­
spheric curvature (lens effect). 

(b) Radio Waves from the Stm.-(i) Tlte Crossed­
yrating Jnterferometer.-This instrument, the only one o( 
its kioJ in operarion, is producing eacb day a delailed 
radio picture of the Sun. 

The first six months' records have been analysed and, 
us a result, the nniure of the source of the so-called 
"slowly varying componen1" of th>! Sun's radio emission 
is becoming clearer. It seems that the active regior.s of 
the Sun, from which this radiat ion is emitted, consist ot 
relatively dense columns of ionized hydrogen gas which 
l!...xtend from the chromosphere out to the upper parts of 
the corona. The prc~cnce of these dense regions is invari­
ably indicated by the appearance of ·• plages" in optical 
chromospheric pictures of the Sun, and by local mag::etic 
fields which probably hold the regions together. The 
radiarion Crom them appears to be thermal, and it seems 
that these regions, because of their high temperature anu 
ucnsity, provide the s lowly varying component of both 
the X-ray and ultrnviolet emission on. the Sun which 
produce varialioos in the Earth's ionosphere and ntfcct 
long-Jistar.ce radio communication on the Earth. 

A start has been made in interchanging the results o f 
optical and radio observations of the Sun with overseas 
observers. and it is hoped that combining the resul ts will 
hasten the solving of some of the mysteries of solar 
behaviour. 

(ii) The Solar Radio Spectrograph and Swept-freq11e11cy 
/111erferometer.-Observations of solar radio disturbances 
have continued throughout the year with the Dapto radio 
spectro,11raoh which records the Sun's spectrum in the 
range of wavelenAths between ohout 1.5 and 7.5 m. The 
recorded information is passed directly into the Inter­
national Geophysical Year (I.G .Y.) data system and is 
used as the basis of various research investigations. 

A new type of double radio burst has been discovered 
and has been inierpreted in terms of an initial impulse 
emitted from the solar corona followed by its echo 
reflected from an inner !eve.I of the solar atmosphere. 
·n1is phenomenon provides a potential n ew method of 
measuring the physical characteristics of the corona. 

Using the spectrogr::iphic dalll which have been accumu­
lated between l952 and 1958, an extensive investigation 
has been made of the major, but rare, radio outbursts 
known as "spcctrnl type 'IL". It J1as been found that 
such outburs ts accompnny only a few per cent. of all 
solar flares, but lliat these flares have a high p robability 
of causing terrestrial magnetic storms one to four days 
later. This adds weight to a previous suggestion thnt 
the source of a type rr. burst is the actual corpuscular 
stream originating in the flare nnd causing the subse­
quent magnetic storm on the Earth. 

l n co-operation with rhe Division of Physics (sec 
Section 2) a careful study has been made of the relation 
between optical :ind radio events on the Sun. Ch arac­
teristic optical phenomena accompanying the Tadio bursts 
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of spectral types II. and HI. have been identified-the 
former wi th high-veloci ty ascending prominences, the 
latter with a sudden expansion at the beginning of flares. 

The swept-frequency inter ferometer, designed for the 
rapid measw·ement of pos itions on the Sun's disk over a 
wide range of wavelengths (4.3-7.5 m.), has been com­
pleted and is now in regular operation. A posi tional 
accuracy of l min. of arc is obtained using a two-aeria l 
system separated by l km., and it was found necessa ry to 
add a second svstem of shorter separation (0.25 km.) in 
order to resolve certain ambiguities inherent in two-aerial 
interferometers. For rapid analysis of results, the system 
has now been provided with automatic followlrig and 
ca libration facilities, and these are controlled by a 
specially designed computer driven from a crystal clock. 
The records emerge in a form which a llow the position al 
(and pola rization) data to be passed to the J.G.Y informa­
tion centre shortly after each outstanding event is 
recordt:d , to solve current problems associated with the 
origin of solar radio waves. 

(iii) The International Geophysical Year.-The Divi­
sion bas continued to supply data on solat radio emission 
from the two special solar instruments referred to above, 
and from routine observations at several fixed radio 
frequencies, and to edi1 world-wide data on solar activity 
for publication in the Quarterly Bullelin of Solar Activity. 

The Division bas been appointed the Principal World 
Data Centre for Solar Radio Emission-the only field of 
I.G.Y. activities in which a world data centre has been 
allocated to Australia- and will thus have the responsi­
bility for editing data received from the numerous LG.Y. 
centres throughout tbe world for final publication in the 
Annals of the International Geophysical Y ear. 

( c ) Low-noise Receiving Tec/111iques.- A recent 
development of considerable importance in the field of 
high-sensitivity low-noise radio receiving techniques has 
beell the successful operation in the United States of 
America of solid-state devices, which are known as 
" nlasers ". The maser-whose name is coined from the 
phrase " microwave amplification by stimulated emission 
of radia tion "-gains its amplification by the direct con­
version of internal molecular energy into electromagnetic 
energy, and operates at the temperature of liquid helium. 
When used as a preamplifier for a conventional receiver 
the combination is capable of an ultimate sensitivity much 
greater than has previously been attainable, and hence is 
of particular interest in radio astronomy. 

A small group has been organized within the Division 
to undertake the developmeDt of a maser suitable for 
hydrogen line observations with one of the Division's 
radio teleS'copes. Since the maser is an offshoot of work 
in the field of low-temperature paramagnetic resonance 
and a large fund of experience in this field already exists 
in the Division of Physics, the project is being run on a 
co-operative basis with that Division. In addition. an 
officer of the Division of Radiophysics has been stationed 
at Leiden Observatory, Holland, for work on a maser 
which is being developed there for radio astronomy 
purposes. 

The prominence given to the development of maser 
devices has revived interest in a previously undeveloped 
principle of amplification wbich makes use of non-linear 
reactances in tuned circuits. This principle, known as 
" parametric" or " variable parameter" amplification, 
appears now to offer the possibility of very low noise 
amplifica tion without some of the engineering complex.i­
ties associated with the maser. Some work has been com­
menced within the Division on a parametric amplifier 
in which the non-linear device is a variable-capacitance 
semi-conductor diode. 

( d ) Theoreli.cal Studies in Cosmical Electromagnetics. 
- Following a study of the variations of cosmic-ray flux 
over the earth, a model interplanetary magnetic field has 
been developed. It comprises magnetic lines of force 
extending more or less radially from the Sun, the ends 

beiog joined as loops beyond the Earth's orbit. The 
origin of this field, at the time of ejection of highly con­
ducting solar gas, has been studied. The final product 
contains irregularities (in intensity and direction of the 
field) sufficient to scatter low-energy particles. An essen­
tial feature is anisotropy of diffusion of cosmic rays 
thrnugb the field. 

Studies of solar flares have been continued in an artempt 
to understand the underlying mechanism. Processes of 
conversion of hydromagnetic energy to other forms have 
been studied quantitatively. 

An earlier study of the Crab Nebula has been con­
tinued with the object of finding the origin of its magnetic 
fie~d. It seems that magnetic energy was created long 
after tbe original supernova explosion and perhaps is still 
being created. The source must be nuclear energy, pre­
sumably stored in radioactive material which was created 
in or near the central star. A mechanism, previously 
considered, for converting nuclear to magnetic energy 
is the "self-excited dynamo" depending on induction 
electric fields. An alternative is being studied which may 
account for the presence of other cosmical magnetic 
fields. 

XXIX. MATHEMATICAL STA'IlSTICS AND 
MATHEMATICS. 

1. GENERAL. 

The Organization maintains a separate Division of 
Mathematical Statistics to provide workers in the various 
Divisions and Sections with specialized help in planning 
their researches and analysing their experimental results 
(see Section 2 of this Chapter). 

Work on mathematical instruments and mechanical and 
electrical methods of computation is undertaken in the 
Section of Mathematical Instruments (see Section 3 of this 
Chapter). 

Division of Mathematical Statistics.-Divisional activi­
ties have been extended and staff are now established at 
thirteen centres throughout the Organization. A new re­
search unit has been established in accommodation pro­
vided by the University of Melbourne, and further appoint­
ments of staff have been made to the McMaster Labora­
tory and the Division of Food Preservation and Trans­
port, and at Perth. 

There have been material developments in electronic 
computing. Requests for assistance have been steadily 
received by the officer attached to " CSIRAC" at the 
University of Melbourne. In Adelaide, the Weapons 
Research Establishment of the D epartment of Supply has 
continued to provide facilities for conducting a large­
scale meteorological analysis, by allowing the Division 
regular time on their rostered programme for the use 
of " WREDAC " and its ancillary equipment. 

Mathematica/ fld·tr11ments Section.-The research prd­
Jects of the Section have continued along the lines of 
previous years, and close collaboration has been maintained 
wiU1 the Electrical Engineering Department of the 
University of Sydney. 

The Section's activities have been mainly directed to­
wards the completion of A.D.A., a special-purpose digital 
computer known as a digital differential analyser. 

2. MATHEMATICAL STATfSTTCS. 

(Division of Mathematical Statistics.) 

The following is a summary of research projects com­
pleted or in progress within the research programme of 
the Division of Mathematical Statistics. 

Calc11lalion of the moments required for the distribu­
tion of the canonical correlations has been compieted. 

Integrals which arise in multivariate analysis have been 
expressed as Bessel funt:tioas of matrix argument, and 
partial differential equations derived for them. Finding 
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the lonal ~unctions of the irreducible components of the 
~cprcscolat1on of the real linear group on the polynomials 
an the clement oC a positive definite symmeoic matrix is 
an nlternallvc method for evnluating these integrals. 

Group lhco11 and algebras have been applied to the 
solut100 o{ no1 mat and missing value equations. 

F urther work has been done on lbe analysis of variance 
and covariance of incomplete experimental data. 

Rcscnrch has been completed oo the logarithmic trans­
lormntion for 1hc e:.11ma1ion of non-linear parameters, and 
Lhc problems involved in the use o{ growth curves and 
their particular (unctional Corms have been reviewed. Other 
t1clivi1ics include sta1istical problems in astronomy, rank­
ing tests, nnu estimators in multiple regression. analysis. 

A long-rnnsc invcs1igation of Australian steels is being 
conduc ted as a joinl research project belween Broken Hill 
Proprietary Limited nntl the Organization. 

Theoretical onalysis hns been completed of the stress 
distribution occurring in o glued timber joint. The solu­
tion involves n transformed bi-harmonic equation, which 
is being evaluated numerically on " CSlRAC " by using 
finite difference equations. 

Re earch has conLinued on interpolation of moolhly 
rainfall in lerms of the position and oJtitode of observing 
~talions, and nn investigotion giving interpolates of high 
accuracy has now almost been completed. 

Following the successful analysis of 1he intercocrclations 
of monthly rainfall in South Australia, the scope of the 
work bas been cxlended, to include a large pordoa of the 
:;oulh-eastern section or the continent, stretching from 
Eyre Peninsula to western Victorin, and applied to the 
rains of a much smaller time intervaJ, namely, six days. 

3. MATll l?.MATICAL I NSTRUMENTS. 

(Mathematical lnstrumco1s Section.) 

fhc construction or the transistorized digital dj[ereolial 
analyser, 1\ .0 .A., is now complete. A.D.A. is believed to 
be the first muchinc o( this 1ype built outside Lhe United 
Stales of America, and ls nmoog lhe first digital machines 
completed which makes exclusive use of transistors (1 ,400) 
instead of valve.\. The machine was first demonstrated al 
the Conference of the Institution of Engineers (Australia) 
held in Newcastle, Febru:1ry-Mnrch, 1958, and was 
officiaUy opened in Sydney on I I th Mnrch, 1958, by Dr. A. 
8 :.ts\cr. A description of the machine was given before 
.t conference on Computing Machines and Data Process­
ing at the Weapons Research Establishment, Salisbury, 
South Australia, 1957. 

The techniques u ed are now being applied to the 
dcvelopmeot of n small general-purpose computer. This 
project is being 'iUpporled by the Snowy Mountains H ydro­
electric Authority, for whose use the firsr machine is 
in1ended. 

XXX. RESEARCH SERVICE.5. 

1 . LIDRARJ8S. 

Both staff antl holdings in the library network have 
increased during the year, and there has also been an 
increase in the number of enquiries answered. The first 
loose-lcnf volume of Scientific Serials in Australian 
1.ibruries has been prouuceu, and the Australian Science 
Jnllex has been beparated from the C.S.l.R.0. Abstracts. 

With the rcalillltion that neither this Organization nor 
uny other scientific establishment will have the staff or 
resources 10 cope with the rapidly increasing volume of 
recorded knowledge, the emphasis of Lhc library work is 
being changed from preoccupation with union lists. biblir>­
graphies. and library gadgets, to a development of greater 
co-operation in library service. 

Scientific s1ulT must be given a maximum degree of access 
1o the wide variety of material in print.. and it is esseaLial 
that this be 1.chievcd by creating access to. rather than 
attempting o\\ncrship of, n multiplici1y of publications. 

A large building at ~t aribyrnong has been made avail­
.1ble a.s :i dcpo!>itory store to house little used or duplicate 
matcnaJ. Ulumntely 1t is hoJ)\."'tl that, after a careful 
sur"ey or 1hc resource:. of each library, it will be possible 
!0 develop a. ~chcme of rationnliza11on whereby any work 
in lhe sc1ent1hc or technical field likely to be needed by 
rci.C<trch men in Australia is available co them, withoul 
unnc~<!~~iry lluplica1ioo of holdings. One furlher slep 
in this direction has been the cataloi;uing and recataloguin•• 
111 several of the Divisioi s and Sections with u coosequen~ 
filli ng o f gups in holdings. 

2. rRANSLATION. 

The 'I rnnsln1ion Suction has carried out transltHions bolh 
wrillcn und1 ora l, us required by Dlvisions nod Sccti~ns of 
the Orgnnilu1ion. It hos been possible, in many instances, 
to take advantage of the increasing publication of covcr­
t?·covcr Ent;lish vcr:;1ons of important foreign. and par­
t1culurly Russian, periodicals. Nevertheless the number 
of writlcn trunslatior.s of Russian papers ~vas some 50 
per cent. greater lhun !or U1e preceding year. For lan­
guages other than Russian, the number was about the same. 
lo Sydney, the demand hos warruatetl the employment 
or n t ranslator, pan-time, solely for oraJ translation from 
Russian. 

The Section has opcrnte<l as Australian agent for the 
Intl~ of rransl:i1ions of the British Commonwealth 
Sci~nt ific OOicc, ~m~ has also supplied microfilm copies ot 
all its own tran lat1ons from Russi:in Lo the John Crerar 
L1brar~, Chicago, the approved body in this respect in the 
United State~ of Amcricn. 

I ne languages now being handlcu within the Section arc 
<Jerman, Dutch, Swedish, Norwegian, Dan ish French 
Jtalian, Spanish, Por1uguc~e, Russian, and Ukraluian, anJ 
in some fields, H.umnnian, Polish, and Czech. 

3. ENOINl!ER!NG SECTION. 

The Engineering Seel ion carries out engineering research 
und dev~Jopn1cnt. in ccrt~in specific fields. Jt also designs 
nnd builds special equipment for other Divisions and 
Sections of the Organil.:ltion. Activity during the past 
year has been k1rg~ly related to lhc development of equip· 
mcnt and nu1omat1c control systems for the precise control 
of environment, both for seneraJ laboratory applications 
and also for pl.-int and nnimal studjes. Work on the 
utilizatio.n of solar energy has continued and agricultural 
cngmeermg research has been exp:indcd by the addition 
of o small group which had been previously working in 
this field ot the Fodder C'onserva1ion Section. 

fo"nrds the end of 1957 the Section occupied its new 
prcmis~ ut Htghctt. 

(n) Phy101ron Projcct.-Dcvelopment bas continued of 
the phytotron for the large-scale s1udy of plant growth 
under controlled env1ronmen1 conditions. The project ii. 
being carried out in close collaboration with the Division 
of Pinnt lnuustry nnd substantial progress has been made. 
Ca~>incts of two dirTcrcnt l>izcs are being constructed in 
which plnnts cnn be grown under controlled day and night 
temperatures, und with conlrollcd length of day. P roto­
types o( these and also of a third unit, designed to cool 
tho glass-house in which the cabinets are located, have 
been tested for ex tended periods. Further cabinets now 
arc being constructed for installation in a gJass-house at 
Conbcrra, where they can be 1cstcd from both biological 
a nd engineering l'ISpect uncfer actual operating conditions. 
Designs arc being prepared for a prototype section of lhc 
phytotron builuing, lo be erected in Canberra before the 
cr:d of 1958, and equipped with cabinets whjcb will 
operate through the summer and yield essential data fo1 
the final bu1ld1ng design. 

Special I } pcs of cabinet nre also being developed for the 
projccl, including temperature controlled enclosures in 
which plants will be grown under high-intensity artificial 
lighting. I he provision of humidity control in naturaJly 
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and artificially li t cabinets is being studied to.,ether with 
problems associ~ted with the development ~f s~ecial Jow­
tcmperaturc umts. AJl refrigeration systems operate on 
tbe . constant e~aporalor pressure principle and use 
restnctor tubes rn preference to expansion valves. Test 
facilities have been established to calibrate restrictor and 
capillary tubes. 

In the final installation, a centralized control anu 
monitoring system is being provided which will re"ulate 
the cyclic day and night temperatures and lengths in° each 
cabinet. The monitoring system wiU indicate and record 
for each cabinet the nature and exrent of departures from 
the pre-set regimes. Data processing techniques are being 
used' in an attempt to simplify the elaborate statistical 
analyses often required in biological work. The use of 
automatic data processing may well prove to be one ot 
the important advantages of this type of pbytotron design. 

A programme has been drawn up covering the com­
pletion of developmem work, the erection of the building, 
and the bulk construction of various types of cabinet. 

(b) Heat Pump.-Witb the use of data obtained from 
a pilot-scale heat pump durLng the winter of 1957, a full­
size installation has been put into service, in one of the 
Section's new buildings at Highett. The equipment uses 
atmospheric ai r as the source of low-grade beat, and 
supplies this heat at a higher temperature level to offices 
and laboratories through small individual fan and coil 
units. Precise data on the coefficient of performance 
obtained are not yet available, but from preliminary 
observatio:.s the heat pump would appear able to provid'e 
the most economical means for space heating under 
Australian conditions, especially if summer cooling is also 
required. 

(c) Solar Energy.-Following the original work of 
Tabor in Israel, surfaces are being <level.oped capable of 
selective absorption of solar radiation. The object is to 
enable radiation to be absorbed efficiently at a higher tem­
perature level than is otherwise possible, and thus pave 
the way for the development, among other things, of a 
solar refrigerator ar.d a solar space beating and cooling 
system. 

The effects are being studied of orientation on the 
performance of the sola r water beater, ai1d a method of 
preventing damage to the equipment through freezing bas 
been developed. The results have been analysed of year­
round operation of experimental water-heater instaUations 
in various parts of Australia, and data prepared on the 
economics of operation under differing climatic conditions. 

(d) Tempera111re Control Equipmen.t.-The Limitations 
of commercially available sensing and control devices are 
normalJy the factors determining the accuracy with which 
temperature can be controlled in a room or similar 
enclosure. For applicat ions where commercial instru­
ments are unsuitable an electronic temperature controller 
has been developed, which uses a thermistor as the sensing 
element. and, after amplilkation of tile signal, a novel 
type of electron ic switch to control the beating or cooling 
func tion through a relay. Where beating and cooling are 
both controlled, two switches are used; the neutral zone 
between them can be adjusted, and if necessary the operat­
ing zones can overlap. 

(e) Thermal Transducer.-A controller of the type 
described above, providing on-off control of beating or 
cooling functions, wil l be unstable in operation and wilJ 
overshoot control limits owing to heat storage effects. To 
overcome this a thermal transducer bas ·been developed for 
use with the controller. The transducer is an integrating 
feed-back device with an inherently long time constant, 
and it operates so that tbe s upply of energy w the beateI 
or coole r is disconnected sufficiently early to ensure that 
the tempera ture rise or fa ll just reaches the desired value 
and does not exceeJ it. The poten tial applications of both 
the the rmal transducer and the electroojc temperature 
controller extend into ma ny other fields besides tempera­
ture control. 

(/) Agricultural Engineering Research.-Investigations 
into the kinematics of the mowing machine have now 
been completed, and data have been obtained 011 the 
forces involved in the cutting process. T bis information 
ts now being used to build a prot~type machine embodying 
these improvements for testing under field conditions. 

In the original investigations the magnitude and direc­
tion of the cutting forces were measured by a system ot 
strain gauges and a multi-channel oscilloscope. While 
this method proved satisfactory, the work involved in 
evaluating the oscillograms by conventional processes was 
considerable, and a new technique has been developed 
which enables the data to be processed on to punched 
tape and then handJed by the CSIRAC computer. 

A grab type of silage loader has been developed, and 
a prototype subjected to extensive field u·iaJs. 

Equipment is being obtained for the new project on 
wheat production to be financed from wheat researcb 
funds. This work wiU be confined initially to a study 
of the basic characteristics of the disk plough, and of the 
heat transfer and moisture movement processes in 'bulk 
wheat storages. 

(g) General Engineering.-An experimental salting and 
hooping machine was constructed for the Dairy Research 
Section, as part of their equipment for the mechanization 
of Cheddar cheese manufacture. The machine is arranged 
for continuous operation in the cheese production line, 
applying salt to the milled curd in regulated quantities 
and weighing the cheese into hoops for subsequent press­
ing. The weighing process is a batch operation, the curd 
being held up in the machine while a filled hoop is auto­
matically replaced by an empty one. The process is con­
trolled by a .novel system, which uses phototransistor 
relays in conjunction with the electronic switch previously 
described in Section (d) to control the flow of curd and 
the movement of the hoops. 

A large lysimeter was constructed for ·the Irrigation 
Research Station at Griffith, to a design originating from 
the National Institute of Agricultural Engineering in Eng­
land. Laboratory tests have shown -that the unit is capable 
of ~etecting and recording extremely small changes in the 
weight of the soil held in its container, and a second similar 
un~t is now under construction. A large pad mangle was 
built for ~he W?ol Textile Research Laboratory, Geelong, 
for use tn shnnkproofing investigations. The machine 
has rubb~r-coated rollers 12 inches diameter by 66 inches 
long, w?rch can be rotated at varying speeds while loaded 
hydraulically at any value up to a maximum of 16,000 lb. 

XXXJ. PUBLICATIONS, EXTENSION, AND LlAISON 
ACTIVITIES. 

I. GENERAL. 

The Organization's research results are made available 
through various channels. 

Formal scientific publication is supplemented in several 
ways: by the preparation of films (Section 6 of this 
Chapter); by the continuous and close contact with indus­
l~Y. of officer~ .o! the Divisions and Sections; by the pro­
v1s1on of fac1lrt1es for guest workers in laboratories· by 
the publication of trade circulars, newsletters, and articles 
in trade journals; by press releases; by lectures and short 
courses of specialized training; and by the or<>anization 
of specialist conferences. "" 

The application of research in the primary industries 
is being assisted by the work of the Agricultural Research 
Liaison Section (Section 3 of this Chapter). 

The application of researcb in the secondary industries is 
being assisted by the Industrial Research Liaison Section 
(Section 4 of this Chapter). 

Section 5 of this Chapter deals with the work of the 
Organization's Scientific Liaison Offices in London and 
Washington. 
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2. PUBLlCATIONS. 

The Organization conlinucd its co-operation witb the 
Australian Academy of Science to ensure the maintenance 
of a high standard in papers appearing in the following 
scientific journals published by the Organization:-

Australian Journal of Agricultural Research. Six 
issues a year. 

Australian Journal of Applied Science. Issued 
quarterly. 

Australian Journal of Biological Sciences. Issued 
quarterly. 

Australian Journal of Botany. lssued as material 
becomes available. 

Australian Journal of Chemistry. Issued quarterly. 
Australia11 Joumal of Marine and Freshwater 

Research. Issued as material becomes available. 
Australian Journal of Physics. Issued quarterly. 
Australian Journal of Zoology. l ssued as material 

becomes available. 

General editorial policy is decided by a Board of Stan­
dards comprising Professor J. G. Wood (Chairman), Dr. 
N. S. Noble (Editor), Professor J. S. Anderson, Professor 
Sir Macfarlane Burnet, Professor Sir Leslie H. Martin, and 
Professor W. P. Rogers. Advisory committees are 
responsible for editorial matters affecting each individual 
journal, and members of tbe Board serve on appropriate 
journal committees. 

Tbe Royal Australian Chemical Institute collaborates 
in the publication of the Australian Journal of Chemistry, 
the Institute of Physics (Australian Branch) collaborates 
in the publication of the Auszralian Journal of Physics, 
and the Australian Veterinary Association and the Aus­
tralian Institute of Agricultural Science collaborate in the 
publication of the Australian Journal of Agricult11rnl 
Research. 

The journals listed above are open to receive contri­
butions of merit from research workers, irrespective of 
country or of the establishment to which -they are 
attached. Many papers from workers in Australian uni­
versities and a limited number from overseas have been 
published. · 

The Organization's research results are published in 
the above journals, in its Bulletins, in the Technical 
Papers of its Divisions and Sections, and in special series 
such as the " Land Research " series and tbe " Soil Publi­
cation " series. Many research papers are also contributed 
by officers of the Organization to specialized scientific 
journals both in Australia and overseas. 

A complete list of scientific papers published during 
the year by officers of the Organization will be found 
in Chapter XXXIV. 

An arrangement bas now been concluded whereby the 
Melbourne University Press will co-operate in the publi­
cation and distribution of various of the Organization's 
books. The first publication produced under this as~o­

ciation is: "Timber Engineering Design Handbook", com­
piled by three senior officers of the Timber Mechanics 
Laboratory, Division of Forest Products, and written for 
the use of Australian engineers and architects concerned 
with the design, fabrication, and erection of timber 
structures. 

Other new publications issued by the Organization dur­
ing tbe year include-

Sciemific Serials in Australian Libraries.-This is the 
first issue of a loos.e-leaf publication supplementing and 
superseding the former Union Catalogue of Scientillc and 
Technical Periodicals in the Libraries of Australia, edited 
by E. R. Pitt. H is designed to provide the research 
worker with an up-to-date finding list of scientific periodi­
cals and serials in Australian libraries. With the volume 
in a loose-leaf form it will be possible at regular intervals 
to issue sheets amending and adding to the entries that 
it contains. 

The Grasshoppers and Locusts (Acridoidea) of Aus­
tralia, by Dr. James A. G. Rehn, Volume Ill.-Tbis is 
the third volume of the monograph, and deals with 
portion of the subfamily Cyrtacanthacridinae of tbe 
family Acrididae. 

3. AGRICULTURAL RESEARCH LIAISON SECTION. 

The Agricultural Research Liaison Section bas con­
tinued its efforts to bring the results of tbe Organization's 
agricultural research to the notice of extension officers and 
other interested persons. Liaison activities have been 
conducted by means of publications, conferences, and 
discussions with officers of the State Departments of 
Agriculture, and representatives of commercial institutions. 

A review has been made of the relationships of the 
Section with the State Departments of Agriculture, which 
are responsible for extension services to the rural com­
munity. Arising from this review, it is hoped that closer 
understanding will be developed between the Organiza­
tion and State Departments. 

Two officers of the Section were transferred to Can­
berra to develop liaison with the Divisions located in 
Canberra responsible for agricultural research, and to 
stimulate more effective co-operative work on the 
Southern Tablelands project with the State Department 
of Agriculture. 

(a) Rural Research in C.S.I.R.0.-The Section con­
tinoed to publish the quarterly, Rural Research in 
C.S./.R.O., and Nos. 21-24 were issued during the year. 

(b) Southem Tablelands Co-operative Study.-The co­
operative study with the New South Wales Department 
of Agriculture has continued to assess existing and agri­
cultural resources of the Southern Tablelands. Reports 
are being prepared on the characteristics of soils, climate, 
water resources, plant ecology, and farm management 
practices in the region. Reports on these subjects are 
in course of preparation and information on plant nutri­
tion and fodder conservation has been assembled. 

The study has already revealed a wide range of prob­
lems requiring further scientific inquiry, as well as having 
drawn attention to information which can be used imme­
diately in extension work. A conference of representa­
tives of organizations engaged in this co-operative study 
was held at Canberra in October, 1957. Constant liaison 
has been established between workers in complementary 
fields, and effort is being made to develop closer relation­
ships between the separate disciplines contributing to the 
project. 

(c) Other Liaison Activities.-The Section has con­
tinued its service work to those associated with the rural 
community. During the year some 2,000 enquiries were 
addressed to the Section relating to results of the Organiza­
tion's research. In addition, assistance has been provided 
to Divisions in recording visits of overseas scientists and 
in organizing a r.d participating i11 conferences. 

The Section's design unit, in addition to normal produc­
tion of Rural Research in C.S.l.R..O., C.S.l.R.O. Industrial 
Research News, aod leaflets, also designed the Organiza­
tion's stand at the Careers Exhibition, produced display 
material at the request of Divisions, and provided designs 
and illustrations for the Publications Section. 

A film slide library is also being developed for the use 
of officers of the Organization. 

4. lNDUSTRIAL RESEARCH LIAISON SECTION . 

This Section is concerned with those fields in which 
the Organization and second"ary industry have interests in 
common. Among the functions of the Section are the 
promotion of the use in Australian industry of the results 
of the Organization's research, tbe fostering of new con­
tacts between industry and the Divisions and Sections, and 
the encouragement of local industry to expand its own 
research activities. 
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Research financed by the Organization must chiefly be 
directed to the basic problems that affect wide sections of 
industry, and it is not always possible to tackle on an 
effective scale some problems that arc of pa rticlllar 
importa nce to specialized brunches. In such cases. the 
industry concerned has on occasions been willing to 
provide financial support for an extension of the research 
programme of the Organizatio;-. Such collaboration has 
taken the form of sponsored research projects, several of 
which have been establishcJ in the Organization's labo!"a­
tories with the active assistance of the Section. Jn this 
way specialized experience and research techniques, in 
some cases not available elsewhere in Austral ia, can be 
applied to problems that could not otherwise be included 
in the Orgar. izatioo's research programme. 

A considerable number of technical enquiries is handled 
by the Section. Wherever possible each enquiry is placed 
with a laboratory or person having experience in the 
appropriate field, and the enquirer is able to receive direct 
help from tl·ose best qualified to give ii. it is inevitable, 
however, that a proportion of enquiries are received on 
subjects in which no work is proceedir.g in Australia, and 
in these instan~es the technical literati.;re is searched to 
provide information to assist the enquirer. 

The Section's publication C.S.l.R.O. Industrial Resea;ch 
News has continued to present the results of the Orgamza­
tion 's research in non-technical language. This is pub­
lishcJ' a l two-monthly intervals and describes research 
projects that are ready for industrial. app_lication; it is 
widely circulated throughout Australian mdustry. Its 
succcs~ in ~chicving its objectives can be inferred from 
the nJmerous requests from industry for additional copies, 
and fr om the large number of trade journals that reprint 
articles from the publication. 

ln tnc past few years, the number of patents arising out 
of research in the Organization has been growing, and a 
subst:rntial body of patents is now held. The Section has 
been involved to an increasing extent in assistance to the 
Divisions on patenting problems and in all aspects of the 
indus trial application ot the Organization's patents. The 
Section in collaboration with the Divisions concerned, is 
now rc~ponsible for promotion of patents, and this function 
constitutes an increasing proportion of the Section's effort. 
Each patent presents a different problem in exploitation, 
and a procedure which will be to the best advantage of 
the Organizalion and of Australian industry must be 
worked out in every case. 

The methods of exploiting patents and promoting the 
industrial application of research results generalJy are being 
continually examined and developed by the Section. The 
Officer-in-charge accompanied a member of the Executiv~ 
in vis its to major research institutes and industrial labora­
tories in the United States in order to survey that country's 
methods of industrial promotion of the results of research. 
This survey is providing valuable information on Ameri~an 
practice, much of which wiJI be of assistance to the Section 
in its future operations. 

5. O VERSEAS L IAISON. 

T he Organization has Scientific Lia~son Offices_ . in 
London and Washington as constituent units of the Br~t~sh 
Commonwealth Scientific Office (London), and tbe Bnllsh 
Commonwealth Scientific Office (North America). These 
offices maintain close contact with overseas scientific 
developments and serve as centres for visi tors a nd re~c:u:cb 
students from the Organization and for other vis11tog 
scientists. The Chief Scientific Liaison Officers in London 
and Washington have represented Australia at scientific 
conferences in the United Kingdom, Europe, and the 
Unitecf States of America. The London office has 
materially assisted in the recruitment of research staff from 
the United Kingdom and European countries. 

D uring the year, Mr. E. J . Drake, F .R.A.C.l., succeeded 
l'vlr. A. Shavitsky, B .. Agr.Sc., as Chief Scientific Liaison 
Officer in London, and Mr. T. B. Paltridgc, B.Sc. (Hons.), 
succeeded Mr. J. E. C ummins, ll.Sc., M.S., as Chief 
Scientific Liaison Officer in Washington. 

6. FILM UNIT. 

During the year the following films were completed and 
rcleased:-

Radio Astronomy in Australia-16 mm., colour, sound, 
~creen ing time 19 min. Produced in collaboration with 
the D ivision of Radiophysics. the film deals with Australia's 
contribution to the modern science of radio astronomy. 

Storms 011 tlze Szm-16 mm., colour, sound, screening 
time 18 min. Jn two parts, the film shows disturbances 
in the solar photosphere and lhe chromosphere as recorded 
and interpreted by the Division of Physics. 

The SI-RO-SET Process-16 mm., b. and w., sound, 
screening time 11 min. Produced in collaboration with the 
Wool Textiles Research Laboratories, rhe film is intendeJ 
primar ily for the clothing trade. It describes the recently 
developed process for the permanent crease fixing o f 
woollen trousers and pleated skirts. Foreign language 
versions have been prepared a 1:d issued' by the Inter­
national Wool Secretariat, London. 

Advances in Cheddar Cheese111aki11g-l 6 mm., b. and 
w., sound, screening time 2 I min. The film is designed 
primarily for the cheescmaking industry. . l t shows the 
traditional method of Cheddar chcesemaking and then 
describes a mechanical process recently developed in the 
Dairy Research Section. 

Grapevine Pruning-l 6 mm., colour, sound, screening 
time 16 min. Produced in collaboration with tbe Common­
wealth Research Station, Merbcin, and the Agriculture 
Department~ of New South Wales and Victoria, the film 
crystallizes 30 years of research aocf field observation on 
thr prnnir g of grapevines along the River Murray. 

War against the Rabbit-16 mm., colour, sound, screen­
ing time 21 min. F irst released in 1954, this film has 
been rc-t'dited and modified to cover the use of " 1080 ", 
which has proved a more cffoclive and better rabbit poison 
than strychnine prev:ously used. 

Films on the followi-;g subjects a re due for early 
release:-

Mitosis-16 mm., colour, sound. 

Macqrwrie Island Sanct11ary-l 6 mm., colour, sound. 
Sixty-eight prints of the Organization's films have been 

distributed during the year. Most of these were purchased 
by outside organizations and 24 were sent overseas. T wo 
copies of all films were sent to the National Library, 
Canberra, and one copy to both the Australian Scientific 
Liaison Offices in Londo;i and in Washington. Extra 
copies have been purchased by the National Library for 
exchange with oven.eas scientific bodies. 

T he British Broadcasting Corporation has purchased 
silent copies of the three natural history films, The Mut1011 
Birds of Bass Strait, Penguins of Macquarie l sla11d, and 
The Ma/lee Fowl. These have been included, in part, in 
part, in a B.B.C. television programme. 

The fllm M111ton Birds of Bass Strait was the basis of 
an A.B.C. national television session. Other film material 
was a lso supplied to television stations for inclllsion in 
approved programmes. 

The sum of $308 has already been received from 
royalties on the sale of co~ies of th~ film Meiosis by the 
International F ilm Bureau m the United States. 

Wherever possible, borrowers arc referred to the nearest 
film library in each State of Australia and overseas which 
holds our films. However, 470 film loans were made 
during the year through the Organizatio11's own film library. 
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During the ycnr n number of tho Organization's films 
\\ere screened nt various film fcstivals-

Edinburgh Film Festivn1-Pe11gul11s of Macquarie 
Island. 

XI. lntcrnntionnl Scientific Film Congress, Amstet-~ 

dam- Penguins of Macq11arit' Island, The Malit~ 
Fowl. 

Melbourne Film Fcstivul-Raclio Astronomy in Aus­
tralin. 

xxxn. PERSONNEL OF COUNCIL AND 
COMM rrrnes. 
1. EXECUTIVE. 

Sir Jan Clunics Ross, C.M.O., O.V.Sc., D .Sc:., A.R.C.V.S., 
LL.D., F.A.A. (Clinimum). 

F. W. G. White, C.8.B., M.Sc., Ph.D. (Deputy Chairman ). 
S. H. Bastow, D.S.0.1 llSc., Ph.D. (Cllief E:cec11tiw1 

Officer). 
H. J . Goodes, O.B.E., B.A. (Term of office expired: 

18th May, 1958.) 
A . W. Coles. 

2. ADVISORY CoUNCll •• 

Chairman. 
Sir fan Cluni~ Ross, C.~LG., D.V.Sc., D.Sc., A.R.C.Y.S., 

LL.D., F.A.A. 

Executive. 
(See above.) 

Chairmen of State Committees. 
New South Wales-Professor H. R. Carne, D.V.Sc. 
Yictoria-ProCessor J. S. Turner, M.A., Pb. D., M.Sc., 

P.A.A. 
Queensland-Professor W. V. Macfnrlane, M.A, M.D. 
South Austrnliu- A. R. Cnllaghao, C.M.G .. D.Phil., B.Sc., 

B.Sc.Agr. 
Western Al1strnlia-J)rof~ssor N. S. Bnyliss, B.A., B.Sc., 

Ph.D ., F.A.A. 
1·nsmnnin-'T. A. Frnnkcomb. 

Co-opted Members. 
L. B. Bull, C.B.E., 0.V.Sc., F.A.A. 
Professor H. C. Fon.ter, M.Agr.Sc., Ph.D. 
D . R. Hnwkes. 
A. McCulloch, M.E. 
M. A. Mawby, O.Sc., P.S.T.C. 
8 . Meecham, O.B.E. 
W. W. Pettiogcll, B.Sc. 
A. B. Rltchic, M.A. 
E. P. S. Roberts. 
Professor J. W. Roderick, M.A., Ph.D., M.Sc., F.A.A. 
W. J. Russell, A.CJ.A. 
E. M. Schroder. 
W. Slonn. 
H . B. Somerset, M.Sc. 
Professor A. D. Trcod:i.11, M.A., LlttD . 
J . V. Vernon, B.Sc., Ph.D. 
L. W. Weickhnrdt, M.Sc. 
C. M. Williams, O:B.E. 

3. STATB CoMMJTTl!f.lS. 

New Soillh W ales. 

Professor H. R. Carne, D.Y.Sc. (Chairman). 
Emeri1us Professor Sir Henry Oarraclougb, K.B.E., V.D., 

B.E., M.M.B. 
Professor J . P. Ballter, O.B.E., B.Sc., J>h.D., F.A.A 
F. S. Bradhurst, D.Sc. 
J N. Briton, B.Sc., B.E. 
S. F. Cochran. P.A.S.A. 
The Hon. 0 . McL Falkioer, M.LC. 
W. R. Hcbblewhitc, B.E. 
E. L. S. Hudson, Dip. For. 

F.6733/ 58.-9 

The Hon. Sir Norman Kater, M.LC., M.B., Ch.M. 
J. F. Litchfield. · 
Professor P. R. McMahon, M.Agr.Sd., Ph.D. 
Professor J. R. A. McMillan, O.Sc.Agr., M.S. 
Emeritus Professor Sir John Madsen, B.B., D.SC., F .A.A. 
J . Merrett. 
C. St. J . Mulholland, B.Sc. 
Professor O. M. Myors, B.Sc.1 O.Sc.Ehg. 
R. J . Noble, B.Sc.Agr., M.Sc., Ph.b. 
R. P. Okeden. 
J. G. Peake. 
A. R. Penfold, A.S.T.C.1 }:;°.R.A.C.l. 
W. W. Pctlingell, B.Sc. 
Professor o. W. Phillips, B.Sc.1 Ph.D. 
L.A. Pockloy, B.V.Sc. 

I-1 . F. Prell. 
Associate Professor F. H. Reuter, Ph.D. 
Professor J . W. Roderick, M.A., Ph.D., M.Sc., F .A.A. 
T. C. Roughlcy, B.Sc. 
W. Sloan. 
Sir John Tivey, B.A., B.Sc., B.E. 
J. Vernon, B.Sc., Ph.D. 
Emeritus Professor W. L. Waterhouse, C.M.G., M.C., 

D.Sc.Agr., 0.1.C., F.A.A. 
Emeritus Professor R D. Watt, M.A., B.Sl:!. 
C. M. Williams, 0 .B.E. 
A. J. Higgs, B.Sc. (Secretary). 

fliclorla. 

Professor J. S. Turner, M.A., Ph.D., M.Sc., F.A.A. 
(Chairman). 

R. S. Andrews, C.M.0., D.Sc., F.A.A, 
D. T. Boyd, C.M.G. 
L. B. Bull, C.B.B., D.Y.Sc., F.A.A. 
Sir Macfarlane Burnet, M.D.1 Ph.b., D .Sc.1 F .A.A,1 F.R.S. 
S. B. Dickinson, M.Sc. 
Professor H. C. Forster, M.Agr.Sc.1 Pb.D. 
Professor J. N. Greenwood, D.Sc., M.Met.E. 
Emeritus Professor E. J. H artung, D .Sc. 
H. Herman, D .Sc,, M.M.E., B.C.E. 
R. A. Hunt, D.S.O., B.C.B. 
Associate Professor G. W. Leeper, M.Sc. 
Emeritus Professor Sir Peter MacCallwn, M.C., M.A., 

M.Sc., M.B., Ch.B. 
I. M. McLennan, B.E.E.. 
Ptofcssor Sir Leslie Martib, C.B.E., l>b.D ., F.AA, F.R..S. 
M. A. Mawby, D.Sc., F.S.T.C. 
H. A. Mullett, J.S.O., B.Agr.Sc. 
G. B. O'Malley, B.Met.E. 
A. B. Ritchie, M.A. 
Sir David Rivett, K.C.M.O., M.A., 0 .Se., F .A.A., F.R.S. 
D. E. Thomas, 0 .Sc. 
Emeritus Professor Sir Samuel W:tdhnm, MA, LL.O., 

Dip.A gr. 
W. E. Wainwright, A.S.A.S.M. 
L. J. Weatherley, M.A. 
L. W. Weickhardt, M.Sc. 
Emeritus Professor H. A. Woodruff, B.Sc., M.l'tC.S., 

L.R.C.P., M.R.C.Y.S. 
F. G. Nitholls, M.Sc. (Sectctary). 

Q11ce11sla11d. 
Professor W. V. Mncfnrlano, M.A., M.D. (Chairmall). 
Professor T. K. Ewer, B. V.Sc., Ph.D. 
D. Flcwcll·Smith, M.M. 
V. Greening. 
W. A. Gunn, C.M.O . 
R. L Harrison. 
Professor D. A. Herbert, D .Sc. 
C. H. Jameson. 
Professor T. 0. H. Jones, D .Sc. 
N. I . King. 
A. McCulloch, M.E. 
0. 0 . Madsen, M.LA. 
J. P. Meyoink. 
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J. M ichelmore. 
I. W . Morley, B.M.E., B.Met.E. 
0. E. J. Murphy, M.B., Ch.M. 
E. P. S. Roberts. 
Professor M. Shaw, M.E., M.Mech.E. 
Professor W. Stephenson, B.Sc., Ph.D . 
W. A . T. Summerville, D .Sc. 
P rofessor L. J . H. Teak.le, B.Sc.Agr., M.S., Ph.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.( Mio.). 
W. Young. 
W.W. Bryan, M.Sc.Agr. (Secretary). 

So111/i A ustra/ia. 

A. R. Callaghan, C.M.G., B.Sc., B.Sc.Agr., D.Phil. 
(Chairman ). 

A. J. Allen, F.R.A.C.I. 
B. H. BedoaJJ, B.Sc. 
C. H aselgrove. 
J .C. H awker, B.A. 
D. R. H awkes. 
O. H . H einrich. 
Professor L. G. H. Huxley, M.A., D.Phil., Ph.D., F .A.A. 
R. N. McCulloch, M.B.E .• D.Sc.Agr., B.Sc. 
H . R. Marston, D .Sc., F.A.A., F.R.S. 
Emeritus Professor Sir Doug.las Mawson, O.B.E ., D .Sc., 

B.E., F.A.A., F.R.S. 
Professor Sir Mark Mitchell , M.Sc. 
F. W. Moorhouse, M .Sc. 
The Hoo. Sir Frank Perry, M.B.E., M.L.C. 
Professor J. A. Prescott, C.B.E., D.Sc., F.A.A., F.R.S. 
Professor E. A. Rudd, A.M., B.Sc. 
W. L. Sanderson, O.B.E., M.C., C. de G. 
E. M. Schroder. 
A. M. Simpson, B.Sc. 
Professor B. C. R. Spooner, B.E., D.Sc., D.Phil. 
Professor I. G. Wood, Ph.D., D.Sc., F.A.A. 
A. W. Peirce, D.Sc. (Secretary). 

West em A 11s1ralia. 

Professor N. S. Bayliss, B.A ., B.Sc., Ph.D., F .A.A. 
(Chairman). 

D. W . Brisbane, M.I.C.E., M.l.Struct.E., M.I.E.Aust. 
C . R. Bunning. B.C.E. 
Professor C. J. Birkert Clews, B.Sc., P h.D . 
Professor K. L. Cooper, B.Sc., M.A. 
A. J . Fraser. 
B. J. G rieve, M.Sc., Ph.D., D.1.C. 
A. C. H arris, B.Sc. 
G . K. Baron-Hay, M.C., B.Sc.(Agric.). 
Sir Edward Lefroy. 
A. A. McLeod, M.Aust.I .M.M., M.A.l.M.E. 
B. Meecham, O.B.E. 
Professor R. T. Prider, B.Sc., Ph.D. 
Emeritus Professor A. D . Ross, C.B.E., M.A., D.Sc. 
H . P . Rowledge, F .R.A.C.I. 
W. J. Russell, A.CJ.A. 
L . W . Samuel, B.Sc., Ph.D. 
G. L. Sutton, C.M.0., D .Sc.(Agric.). 
D . 0. Temby, B.E. · 
Professor E. J. Underwood, B.Sc.(Agric.), Ph.D., F.A.A. 
Professor H. Waring, M.Sc., D.Sc., F.A.A. 
R. P. Roberts, M.Sc.(Agric.) (Secretary). 

Tasmania. 

T . A. Frankcomb (Chairman). 
Professor H. N. Barber, M.A., Ph.D . 
L. R . S. Benjamin, F .R .A.C.J. 
K . Brodribb. 
W. Bryden, Ph.D., M.Sc., B.A. 

A.H. Crane, B.Sc., M.For. 
F. H. Foster, B.C.E. 
F . W. Hicks, I.S.O., Q.D .A. 
S. L. Kessell, M.B.E., M.Sc., D ip.For. 
N. S. Kirby, B.E. 
A. W. Knight, M.E., B.Sc., B.Com. 
F . H . Peacock. 
The H on. Sir Rupert Shoobridge. 
H . B. Somerset, M.Sc. 
P. R. Stone. 
D. Martin-, D.Sc. (Secretary). 

4. COMMITTcE OP Revrnw-AGRICULTURAL AND 
PASTORAL P ROBLEMS. 

Sir Ian Clunes Ross, C.M.G., D .V.Sc., LL.D., D.Sc., 
A.R.C.V., F.A.A., C.S.I.R.O. (Chairman). 

C. S. Christian, B.Sc.Agr., M.S., Division of Land 
Research and Regional Survey, C.S.I.R.O. 

0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S., Division of 
Plant Industry, C.S.l.R.O. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. 

H. R. Marston, D .Sc., F.A.A., F.R.S., Division of Bio­
chemistry and General Nutrition, C.S.I.R.0. 

A. J. Nicholson, D.Sc., F .A.A., Division of Entomology, 
C.S.I.R.O. 

P. N . Ratcliffe, O.B.E., B.A., Wildlife Survey Section, 
C.S.J.R.0. 

J . K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
C.S.l.R.O. 

W. Ives, M.Ec., C.S.l.R.O. (Secretary). 

5. CoMMONWEALTH RESEARCH STATION, MERBEIN­

TECHNICAL COMMITTEE. 

L. A. T. Ballard, M.A., M.Agr.Sc., Ph.D ., Division of 
Plant industry, C.S.J.R.O. 

C. Barnard, D .Sc., Division of Plant Industry, C.S.l.R.O. 
J. R. Gordon, Commonwealth Dried Fruits Control Board. 
J. K . Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 

C.S.l.R.O. 
F. Penman, M.Sc., Commonwealth Research Station, 

C.S.l.R.O., Merbein (Secretary). 

6. CoMMONWEALTH R ESEARCH STATION, MERBEIN­
CONSULT ATIVE COMMITTEE. 

J . R. Gordon, Growers' Representative, Mildura and 
Irymple (Chairman). 

L. W. Andrew, Growers' Representative, South Australian 
River Council of A.D.F.A. 

G. Black, Growers' Representative, Robiovale. 
F. T. Bowman, Ph.D., M.Sc.Agr., H.D.A., Department of 

Agriculture, New South Wales. 
J. Brown, Swan Hill Jrrigators' Research Committee. 
A. E. Cameron, Mildura District Citrus Growers' 

Association. 
R. A. Cant, B.Agr.Sc., Department of Agriculture, South 

Australia. 
J . Clift , Packers' Representative. 
D. W. Cockroft, G rowers' Representative, Mid-Murray. 
C. E. Cole, B.Agr.Sc., Department of Agriculture, 

Victoria. 
R. Drummond, B.C.B., State Rivers and Waters Supply 

Commission, Victoria. 
W. V. Ford, Packers' representative. 
W. B. Hawson, Growers' Representative, First Mildura 

Irrigation T rust. 
A. E. H azel, Growers' Representative, Red Cliffs. 
S. Heaysman, Growers' Representa tive, Coomealla. 
T. Hill, Growers' Representa tive, Curlwaa. 
G. H obson, Growers' Representative, Mid-Murray. 
F . J. H oUins, Growers' Representative, Wakool. 
H. Jackson, Growers' Representative, Wakool. 
J. H. Lapthorne, Growers' Representative, Merbein. 
T. C. Miller, B.Agr.Sc., Department of Agriculture, 

South Australia. 
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W. I. Nankivell, B.Agr.Sc., Department of Agriculture, 
Victoria. 

F. S. Oldham, Department of Agriculture, New South 
Wales. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.I.R.O., Merbein. 

R. C. Polkinghorne, Growers' Representative, Mid­
Murray. 

A. Seekamp, Growers' Representative, Loxton Agricultural 
Bureau. 

J · V. Seekamp, B.Agr.Sc., Growers' representative, South 
Australian River Council of A.D.F.A. 

J. L. Showell, Growers' Representative, Renmark Irriga­
tion Trust. 

A. L. Tisdall, M.Agr.Sc., State Rivers and Water Supply 
Commission. 

D. V. Walters, M.Agr.Sc., Commonwealth Research 
Station, C.S.I.R.O., Merbein (Secretary). 

7. IRRIGATION RESEARCH STATJON, GRIFl'ITH­

TECBNICAL COMMITTEE. 

H. N. England, B.Sc., Water Conservation and Irrigation 
Commission, New South Wales. 

0. H. Frankel, D.Sc., D .Agr., F.A.A., F.R.S., Division of 
Plant Industry, C.S.I.R.0. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.1.R.0., Merebein. 

J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
C.S.l.R.O. 

V. C. Williams, Irrigation Research and Extension 
Committee. 

8. IRRIGATION RESEARCH AND EXTENSION COMMITTEE 

( MURRIMnIDGEE !RRIGA TION AREAS) . 

V. C. Williams, Griffith Producers' Co-operative Society, · 
Rice Marketing Board of New South Wales '. 
(Chairman). 

A. E. :Bowmaker, Ricegrowers' Association of Australia, 
Leeton. 

S. J. Bowyer, Rural Bank of New South Wales, Sydney. 
H . V. Chaseling, Ricegrowers' Association of Australia, 

Griffith. 
G. M. Clark, Yenda Producers' Co-operative Society, 

Yenda. 
E. S. Clayton, H.D.A., Soil Conservation Service of New 

South Wales, Sydney. 
H. Cooke, Private Industry, Griffith. . 
G. A. Crawford, H.D.A., New South Wales Department 

of Agriculture, Leeton. 
C. A. Davidge, M.I.A. District Council of Extension 

Groups, Yenda. 
L. C. Davidson, Leeton District Citrus Growers' Associa­

tion, Leeton. 
H. N. England, B.Sc., Water Conservation and Irrigation 

Commission of New South Wales, Sydney. 
M. N. Errey, Leeton Fruitgrowers' Co-operative Society, 

Leeton. 
S. Flint, B.Sc.Agr., Water Conservation and Irrigation 

Commission of New South Wales, Leeton. 
E. R. Hoare, B.Sc., M.J.E.E., Irrigation Research Station, 

C.S.I.R.O., Griffi th. 
C. R. Hood, H.D.A., New South Wales Department of 

Agriculture, Leeton. 
H. J. Hynes, D.Sc.Agr., M.Sc., New South Wales Depart­

ment of Agriculture, Sydney. 
B. G . Lowe, Leeton Co-operative Cannery, Leeton. 
R. J. McCleary, M.I.A. Vegetable Growers' Association, 

Leeton. 
K. B. Macfarlane, Water Conservation and Irrigation 

Commission of New South Wales, Leeton. 
A. D. Mackellor, Ricegrowers' Co-operative Mills, Leeton. 
F. J. McKirdy, Rural Bank of New South Wales, Leeton. 
J. R. A. McMillan, D.Sc.Agr., M.S., University of Sydney. 
L. F. Myers, M.Agr.Sc., Regional Pastoral Laboratory, 

C.S.I.R.0., Deniliquin. 

F. Penman, M.Sc., Irrigation Research Stations, 
C.S.I.R.O., Merbein and Griffith. 

H. W. Rapbae1, M.I.A. District Council of Extension 
Groups, Griffith. 

R. Sainty, M.I.A. District Council of Extension Groups, 
Griffith. 

C. E. Sharam, Ricegrowers' Association of Australia, 
Griffith. 

A. H. Skepper, H.D.A., New South Wales Department of 
Agriculture, Leeton. 

W. F. Townsend, Producers' Co-operative Distributing 
Society, Leeton. 

A. J. Grassby (Secretary-Treasurer) . 

9. REGIONAL PASTORAL LABORATORY, D ENILIQUIN­

TECHNICAL COMMITTEE. 

0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S., Division of 
Plant Industry, C.S.I.R.O. 

H. N. England, B.Sc., Water Conservation and Irrigation 
Commission, New South Wales. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.J.R.0. 

T. J. Marshall, M.Agr.Sc., Ph.D., Division of Soils, 
C.S.1.R.O. 

H. R. Marston, D.Sc., F.A.A., F.R.S., D ivision of Bio­
chemistry and General Nutrition, C.S.I.R.O. 

A. Morgan, B.Agr.Sc., Department of Agriculture, 
Victoria. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.I.R.O., Merbein. 

J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
C.S.I.R.0. 

A. L. Tisdall, M.Agr.Sc., State Rivers and Water Supply 
Commission, Victoria. 

A. J. Vasey, B.Agr.Sc., Division of Animal Health and 
Production, C.S.J.R.O. 

C. K. Years, B.Sc.Agr., Department of Agriculture, New 
South Wales. 

L. F. Myers, M.Agr.Sc., Regional Pastoral Laboratory 
C.S.l.R.0., Deniliquin (Secretary) . 

10. REGIONAL PASTORAL LABORATORY, DENILIQUIN­
CONSULTATIVE COMMITTEE. 

0. H. Frankel, D .Sc., D.Agr., F.A.A., F .R.S., Division 
of Plant Industry, C.S.I.R.O. 

T. S. Austin, Wanganella Stud, Wanganella, New South 
Wales. 

F. I. Bolton, Water Conservation and Irrigation Commis­
sion, New South Wales. 

D. T. Boyd, C.M.G., Woorooma East, Deniliquin, New 
South Wales. 

T. L. Bull, Narrandera, New South Wales. 
E. R. Ennals, Cobram Irrigation District, Victoria. 
A. Morgan, B.Agr.Sc., Department of Agriculture, Vic­

toria. 
H. J. Robinson, " Merino Park ", Wakool, New South 

Wales. 
A. L. TisdaU, M.Agr.Sc., Stale Rivers and Water Supply 

Commission, Victoria. 
C. K. Years, B.Sc.Agr., Department of Agriculture, New 

South Wales. 
J. Woodside, Boree Plains, Benerembah Irrigation Dis­

trict, Griffith, New South Wales. 
L. F. Myers, M.Agr.Sc., Regional Pastoral Laboratory, 

C.S.I.R.O., Deniliquin (Secretary) . 

11. REGIONAL PASTORAL LADORATORY, ARMIDALE­
TECHNICAL LIAISON COMMITTEE. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. 

J. C. Cotsell, Department of Agriculture, New South 
Wales. 

A. T. Dick, D.Sc., Division of Animal Health and Pro­
duction, C.S.I.R.O. 



G. Stlgar, :B.V.Se., Department of Agi"iclilture; New South 
Wales. 

0. lt. Frankel, D.Sc., :0.Agr., F ;A.A.; F.RS., Division 6t 
Plant Industry, C.S.l.R.O. 

A. N. A. H arris, B.V.sc., Department of At;tit:ultlire, New 
South Wales. 

Professor G. L. McClymont, B.V.Sc,; Ph.D.; University 
of New England. 

M. A. Mc0ona1d, H.b.A., Department Of Agriculture, 
New South Wales. 

ll. B. Madgwicl<., M.Ec., D .Phil:, Unive1'sity of New 
England. 

Professor A. F. O'Fartell; RSc:; A.R.C.S.1 F.iU~.$., Uni­
versity of New England. 

R. Roe! B.Sc. (Agric,h Divisien of Plant Industry, 
C.S.I.R.0. 

C. _J . yea.rs, B.Sc.Agr., Department of Agriculture, New 
South Wales. 

M. H. Walker, B.Sc.Agr., Department of Agricultttte, New 
SoUtli Wa1es. 

J. F. Barrett, B.V.Sc., OiVision Of Afiin'iai 'HealtB. and 
P roduction, C.S.t.R.t>. t Sec1·em1-y). 

12. REGIONAL PASTORAL LABORATORY, ARMIDAL&-­
CoNSULTATIVB COMMITTEE. 

D. A. Gill, M.Il.C.v.s., D.V.S.M., Division of Animal 
Hea1tl:i and Produatltin, C,S.J.R.O. 

A. M. Atkinson, Council of Advice to the Pastures Pro­
t:etition Btntrtl, New South Wales, 

Professor N. C. W. Beadle, D.Sc.1 University of New 
libglantL 

J. Bowers, Australian Primary Producers' Union. 
A. (}, Brett1 Otaziers' Asso~iatit>n of New South Wales. 
A. W. Cameron, Graziers' Association of New South 

Wfi1es, 
A. T. Dick, D.Sc., Division of Animal Health and Pro· 

tluctioti; C.S.I.R.O. 
L. P. Dutton, Council of Advice to the Pastures Pr5tec-

tion Boatt11 New South Wales. 
E. R. Elliott, Australian Primary Producers' Ufiion. 
J. Ferris, Australian Primary Producers' Union. 
G. E. Forster, Graziers' Association of New South Wales. 
0. H. Frankel, D.Sc., 'Q.Agr., F.A.A., F.ltS., Division 

of Plant Industry, C.S.l.R.0. 
W. }. Gall, Graziers' Association of New Soutli Wales. 
I. K. Johnstone, D.V.Sc., Coopletl membet. 
D. :P. Macansh, Gratiets' As~ociatibfi of New South Wales. 
Professor G. L. McClymont, B.V.Sc., Ph.D., University ot 
N~w England. 

R. B. Madgwick, M.Ec., D.PhiJ., University of New 
l::nglanct. 

A. S. Nivison, Graziers' Association of New Suuth Wales. 
Professor A. P. 0 1Farrell, B.Sc., A.R.C.S., F .R .E.S., Uni­

versity of New ~nglantl. 
E.. c. Powell, H.'O.A., New England Regional Develop­

ment Committee. 
R.. Roe, B.St:.(Agric.), Division of Plant Industry, 

C.S.l.R.O. 
W, W. Schlunk~, Australian Primary Ptoclucets' Union. 
Professor A. H. Voisey, D.Sc., University bf New 

England. 
A. Weir, Australian Primary Producers' Uniol:l. 
A. W. Weller, Austthliai!. Primary Proou~t!rs' Union. 
H. F. White, Graziers' A%sociati'Oi1 t>f New SOUtb Wal~s. 
I. P. Barrett, :13.V.Sc., Division of Animal H~alth and 

Production, C.S.I.R,'Q. (Sei!f"etdry). 

U. REtlt~NAL PAST'ORAL LABORATORY, ARMIDALE~ 
RESEAilcH CtJM:MlrtEE. 

Professor G. :b. McOlyinont, B.V.SiZ.) Ph.D.; University 
of New England (Ghihman). 

~.. Roei B.Sc, (Agrfa.) , Division of Plant Industry, 
C.S.I.R.O. (Deputy Chairman). 

A, T. Dicle~ J),$e.) Division of Anitnal H ealth nod Pro­
duction, C.S.l.R.0. 

O, It Ft'iltlkeli D .S\'!,1 D.Agr.1 F ,A.A., F,ll,S,, Dlvision of 
Plant Industry, C.S.I.R.O. 

f), A. Gill, M,R,G.V.S., D.V.S,M., Division ol Atiimal 
Health and Production, C.S.I.R.0. 

R. B. MlitlgW1tk, M.Ee., D.Plii1., •Ufiiversity of New 
England. 

Ptotessol: A, F. O'~rrell1 B.Sc., A.R.G,$,, F.R.E.S.1 Unl­
versity of New England. 

J. F'. :Bartett, B.V .Sc.1 DiVl~ion o! Animal Hliattfi and 
Production, C.S.l.R.0. (Secretary and E.teeUtive 
Of!iei!t), 

14. 1
' dILRutH PLAINS 11 1'EcHN1cAL CoMMI'rTEE. 

J;), A. Gill, M.R.G.v.s., D.V.S.M., Divisioh of Ailimal 
Health and Production, C.S.I.R.O. 

A A, Dufilop1 M.Agr.Sc., Pb.D,, Divisiofi Of Ahimal 
Health and Produotil<lhi C.S.I.R.O. 

0. H. Frankel, D .Sc., D.Agr., F.A.A., F.R.S., Division 
of Plant Industry, C.S.J,R.O. 

Miss H. N. Turner, B.Arch., D1vlsion or Animal Health 
and Production, C.S.l.R..O. 

W. Wehstet, llV.sc., Department of Agticulturc and 
Stock, Queensland. 

c. H. s. Dolllng, B.Ag.Sc., I)ivision of Anifmil tlehlth ahd 
Production, C.S.I.R.O. (Secri?tiir'y). 

15, Aov1soRY CeMMITTBB ON PRUIT Com, STORAGE 

INVESTIGATIONS IN NEW SOUTH WALES. 

J , R, Vickery, M.S~., Ph.D., Divition of Ptitld Pteserva· 
tion and Transport, C.S.I.R.O. (Chairman) , 

P. T. Bowman, B.Sc.Agr., M.Sc., Ph.D., Department ot 
Agriculture, New South Wales·. 

Professor R. L GrnGker, M.So,, Ph.D,i University of 
Sydney. 

f. I<.. L6!JS• i3.Sc.Agr., bepartineht of Agricu1ture, New 
South Wales. 

R. N. Robertson, B.Sc., Ph.D., F.A.A., Divlsloh of l=tood 
Presel'vation a"i'lo Transport, C.S.I.R.O. 

R. B. Withers, M.Sc., Dip.Ed., Division of FoOd Pfeser· 
vatiofi and fiahspott, C.S.i.R.0. (Secretary) . 

16. COMMITTEE FOR Cooru:llNATION OP FRUiT AND 
VEGETABLE STORAGE RESEARCH. 

C. E. Cole, B.Agt.Sc., D epartment df Agriculture, Victoria 
(Chairman) . 

W. J. Betten~y, B.Sc. (Agric.) 1 tlepartment of l'titnaty 
Industry, Melboutne. 

J. K. ~ong, B.Sc.Agr., Department of Agriculture, New 
South Wales. 

D. Martin, D.Sc., Division of Plant Industi'y, C.S.i.itO. 
F. Melville, B.Sc., Department of AgriCUlt\lre, 'We!ltern 

Australia. 
T . C. Millet, ll.Sc. (Agtic.), Deparhneht of Agriculture 

South Australia. ' 
1'. D. Raphael, M.A., Dil). Hort.(Can.tab.), Depattment 

of Agriculture, Tasmania. 
R. N. Robertsofi , B.Sc., Ph.D., f'.A.A., bivislon of Food 

Preservation and Ttafi.Spott, C.S.I.R.O. 
S. A. f rout, M.Sc., Ph.b., Det>artment of Agticultute 

and Stock, Queensland. 
R. B. Withers, M.Sc., Oip.'Etl., bivlsioh of FOt;d :Pteser­

vation and Transport, C.S.I.R.O. (St?cft!tary). 

17. CoMM~TTEE FOR _CO-ORDINATION OP RESBARCH ON 
FRUIT AND VEGETABLE PROCESSING. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Pte~erva­
tion and Transport, C.S,LR.O, ( Clu:lirnmn), 

B. 0. French, B.St.Agr., Dep~rtment uf t\gtilmlture
1 

New 
South Wale9 • 

.J, A. lfolbl'lt:he, H .D.A,, Dmpa'rtnit:I:it Qf Agfilllllture 'Ne\v 
Sooth WWes, ' 

J , F. K~ftortl1 M.St:., Divisl011 of FMd f>re~~tVatiou and 
Transport, C.S.l.R.0. 
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L. J · Lyiwh, B,A,gt.SQ., :Qiyisi11n pf f P.9.d Pr~&!!l'¥atiQn and 
Tr-~nspo,rt, <;,s.u\.O. 

D. McG. McBean, B.Sc., Division ot F90<;1 ,P.r~s11rn1tion 
~4 Tr!ln~port, Q,S..I,l{.Q. 

A. C. Orman, H.D.A., D epartment of Agri~u!t4rn, New 
§gµth W11l~§ 1 -

H . R . Richardson, B.Sc.Agr., Department of A~ri\:J.lltµre, 
N\!W South Wii.I((s, 

R. B. Withers, M.Sc., Dip. Ed., Division of Fq9q Pn;~er­
V!lt!oa aq~ Trnpsport, C.p.I.R,O. (Secret qr~}. 

i a, P~T§!l f!\1.JIT-S p.aqc;:i;~srNq CO¥,Ml"ffEE. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.I.R.Q,1 Mel'h.ein ( Ohairman) , 

J. D. Bryden, H.D.A., Department of AgFi~ulture, New 
South Wales. 

W . R. Jewell, M.Sc., B.Met., Department of Agriculture, 
Victp.rjl}, 

F, .f. iesock, B,.Agr,Sc., Qeflartment 9f Prim~ry lnd4stry, 
Melbourne. -

'f. C. Mill~r, B.Sc.(A~i~.), Dep11rtm\!11t of A¥ric~lture, 

South Australia. 
W. I. N~nkjvell, B,.Agr.Sc., J?epqrtm~Jlt of A~riq1Jture, 

Vi~tQria. ~ 

H. R. Tinney, B.V.Sc., Dep<utm~nt pf Priroary Industry. 
J. R. Yic1$;ery, M.S~ .. Ph,D.i Pivisj9p. of fooq Pre~t;rva­

tion and Transport, e.S.l.R.0. 

19. ADVISORY COMMITTEE ON FRUIT ~TqlVtG~ 
11'!Yt1STlyA1WN~ TN V~CTQRI!\. 

C. E . Cole, B.Agr.Sc., Departmeqt of AgricµJtµr~, V!ctpria 
(Convenor and Secretary). 

S. Fish, M.Agr.Sc., Dep:irtment of Agriculture, Victoria. 
R. N. Robertson, B.Sc., Ph.D., F.A.A., Division of Food 

Preservation and Transport, C.S.I.R.0. 
J. R. Vickery, M.Sc., J?b.D:, Division of Food Preservation 

f!m:I Tr-flnsggfti 9-~JJ~,9. 

~o. JlAs'fmw :e~11:rs A.ov!~QRY. Ci:.1¥tlflT-FE~, '\lfEsTE~f\f 

AUSTRALIA. 

Sir Edward Lefroy (Chairman). 
C. F. Jenkins, M .A.1 P.~~~rtm~at qf Agriculture, Western 

Australia. 
1\1 J. N-i~flPJ&on~ Q,~:• f:A.~,1 pjv.jsjoq gJ E1MI!!q!qgy, 

C.S.l.R.O. 
F. J-. &hi~r, ~:~c:(~grjp.), :PeFflrt!DeJ:!t gf f\grifµ!tl!r~. 

West~tn f\ustrl!.li!l: · · 
Professor E. J. Underwood, B.Sc.(Agric.), Ph.D., f,f\.A., 

'C}n_iyersity 8f w~~r~rn .A!.!strpH!l: 
M. M. H. Wallace, B.Sc., Divi9ion of Entq):!lqlpgy, 

C .S.I.R.O. 
R . . p ~ .. Roberts, M.Sc. (Agric.), Departm~nt Qf Agri~µIture, 

\Vest~rri Aqstr~H!! (~~cr~t~rY.~. 

7,1. M?L~Ou,iµIB Q!l-E~.PR~.s~Il'{G SJJB-CO!"fMJ.TTEg. 

M. A. Mawby, D.Sc., F.S.T.C., Zinc Corporation l.Jq+jted, 
M~ll?oyr_q~ ( OhqirmflJ!J 1 

W. Baragwanatb, 0.B.E., Melbourne. 
Associate Pro~l!S~pr 'fl. Ji. D4n~iµ, ~ ,M~~·~;• µniv~r~jty 

of Melbom-~~· 
R. :Q. ¥~1si l!.~c.1 gJ~etr.glY.ti~ '.?inc C9. ht~:• M~lq~uf!le. 
G. B. O'Mi!ll~y, IH4~P~, 1 M~l~Aurqc;;. 
K. S. Blask1;tt, B,E:i Qr.t:..,dre~~jng Imi~~t!g~ti91}~1 Q ,§.f~R·9· 

(Secretary). 

22. KALGOORLJ§ itlIN!l'!G .t\J>VJSORY ~JJIJ-~9¥.WTTEE. 

E. E. \l!'~~~!l~. 1u::;i;., Pefler-tro~n,~ gf M~~~' Western 
Ag&~n1lia, . 

R. C. Buckett1 .@:lh b~!!e V!~w ~nd ~tilr Ltg., ~~)goorhe, 
Wes~~fCI ~\!~!ffllifl· 

R , A, !f9p§9.q, B.~~. 1 ~fh!SJol pf ryfine~1 W,alg-0oi:}!~1 Western 
Australiq. 

A. A. Mc{&i;tg, M·4P~:P1-M-i ~.f\.py.L~.1 Nsm.h. Kal­
gqrl! {1~1~) ljm~~~. Kf!JgooFhe, W~st~rn A!l~traha. 

2~ , CQN~f.IL'fNJ'IVl; C,Q¥14lTT~E ~~~~OWN Qoi\~ 

R,1mw~Elff mt! 0EVELOPMEN1'. 

R. S. Andrews, C.M.B., D .So., F.A.A., Gas and Fuel Cor­
por-atien of ViotoFia ( Chair:lnan). · 

G. E. Baragwanath, B.Sc., A.S.M.B., Dip.Min.Eng., State 
EleetFieity Commission ef Victoria. 

H. R. Brown, B.Sc.(Eng.), Coal Research Section, 
C.S.l.R.O. . 

B. A. Bruggemann, DF. Ing., Gas and Fuel CorpOFation 
of Victoria. 

G. B. Gresford, B.Se., A.R.M.T.C., C.S.I.R.O. 
E. A. Hansen, Ph.D., 6as and Fuel Cor-poration of 

Victoria. 
R. W. Ur~~. ~-§~:• ~).f·.1, 1 J?iyi~iqn gf Indu~tri&J Chemistry, 

C.S.I.R.e>. 
I. W. WaFk, D.Se.; Ph.D., F.A.A., Division of Industrial 

Ch(!mistry, C.~.I.R.O. 

F. W. G . White, C.B.E., M.Sc., Ph.J:>., O.S.I.R.O. 
B. E. iv,:lµllrqery, B.Sc., 9 .S.l.R.O. {Secretary ). 

24, MTNf::RAG~AJ'H1C CO¥MJTTEE. 

F: ~' S~iJhy~!J. Q:J~.~" R:~g., ;F,A,.f\., M~Jp9up:1~. 
W. E. Wainwright, A.S.A.S.M., A.1-!straja~i~p. Iqstitut~ of 

M.li:iing 1!1!~ Met<\.IJ9rgy. 

25. ELECTRICAL RESEARCH IJ0ARI:>. 

Emeritus Professor Sir John Madsen, B.E., D.Ss., p.£\.A., 
lJpiv~rsity of S,yd~!:lY { Chairmqrz) . · 

P. A. W. Anthony, B::E., Southern El~ctric A,ut.Qprity of 
Queensland. 

w. 'H. Connolly, B.E.E., B.Corq., State. ~lectris;ity Com-
mission of Victoria. · 

F. J. Lebany1 ¥ :$g.1 Piyi~jQn qf Electrotechnology, 
Q,~J.R,P. 

Professor D. M. My~r§, :[l.~~ .• D,~c,.E,og., Upiv~r~!ty of 
~Y~'l\!Y, 

F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.l.R.Q1 

f, Q, Nis!1glls, M-~s., Q.S.I.R,O. ( 9pnj9i!1t ~e~reta7) , 
R. C. Richardson, B.E., Division of Electrqtt:chn:Qlggy, 

Q.S.I.~.Q. ((:~'!/Pill{ Sef:r(!tgry). 

26. RADIO R.~Sf:;A~9~ BOAJtQ. 

Professor L. G. H. Huxley, M.A., D .P,bil., P.h.D., RA.A., 
University of Adelaide (Chairman). · 

J. L. Farrands, B.Sc., Ph.D., D .I.G., Department of the 
Army. 

S. J. F. Kellock, O.B.E., Overseas Telecommunications 
Commission. 

D. McDonald, B.Sc., Australian Broadcasting Control 
Board. 

Cmdr. J. R. McMur.ray, R.A.N'., DeP.artment of the Navy. 
Br.pup Captain A. G. Pitht?r, R.A.A.R., Department of Air. 
E . Sawkins, B:Sc., Postmaster-General's Department. 
Hrofessor H. C. Webster, B.Sc., Bb.D., University of 

Queensland. 
F. W. G. White, C.:Q.E., M.Sc., Ph.B., C.S.I.E..Q. 
B. E. Mummery, B.Sc., C.S.I.R.O. (Secretary). 

27. CONSULTATIVE 8oMMITTEE ON RADIO RESEARCH. 

F. W. G. Wf:lite, c.a.E., M..Sc., Ph.D., C ,5;.J.R.O. (Chair­
m~m), 

W. G. Baker, D.$~: O;:~g), 1qpo~pp~rjs; fre~ic;tigJl. ~~rllice. 

E. Q. ~P"V@P• Q.\:\;E., Nf .~i;:., pji.D.1 f .A.,\,, Qivi~ion of 
Radiophysics, C.S.I.R.0. 

J. D. Campbell, Telecommunications Advisory Committee. 
Col. A. W. ds Goureey Bmwoe, M.I.R.E.(Aust.), 

i\. ,M.Hrit.I.;a,}i., 1?.flB8f'tlTJ~!lt !')f th@ /\r!!lY: 
B. G . Gates, B.Sc., Ph.D., D.T.Q., Q~p~n~~p~ P,f ~!-Jpply. 

R. R. Lo.ng, ~.~.~., Pv~rn~p.s 'f13\~§i:lf!1ffi~1!iSf!tiqns Co111-
nrnni~Mi1:ms Omnmi~silw {,\J.1~t.). 

N. J. McCay, B.Sc., Postmaster-General's D~PP.H!U~P.t, 

A: J. M~~imzi?, M.E.J;,, .l)qstr11Jim1 Brgf!9£MHng ~ontrol 
Board. 
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Cmdr. J. R. McMurray, R.A.N., Department of the Navy. 
Emeritu s Professor Sir John Madsen, B.E., D.Sc., F.A.A., 

Radio Research Board, C.S.l.R.O. 
D. F. Martyn, D.Sc., Ph.D., A.R.C.S., F.A.A., F.R.S., 

Radio Research Laboratories, C.S.I.R.O. 
G. H. Munro, D .Sc., R adio Research Laboratories, 

C.S.l.R.O. 
Group Captain A. G. Pither, R .A.A.F., Department of Air. 
L. S. Prior, B.Sc., Bureau of Mineral Resources, Geology, 

and Geophysics. 
E. J. Stewart, B.Sc., Postmaster-General's Department. 
H . White, M.Sc., Department of Civil Aviation. 
B. E. Mummery, B.Sc., C.S.I.R.O. (Secretary). 

28. BUILDlNO RESEARCH COMMITTEE. 
I. Langlands, M.Mech.E., B.E.E.. Division of Building 

Research, C.S.I.R.O. (Chairman). 
G. D. Aitchison, Ph.D., M.E. , Soil Mechanics Section, 

C.S.I.R.0. 
R. E. Banks, B.Sc.(Eng.) , Building Research Liaison Ser­

vice, Melbourne. 
S. H. Bastow, D.S.O., B.Sc., Ph.D., C.S.I.R.O. 
A. L. Brentwood, B.C.E., B.E.E., Department of Labour 

and National Service. 
S. A. Clarke, B. E., Division of Forest Products, C.S.I.R.O. 
J. W. Drysdale, Commonwealth Experimental Building 

Station, Sydney. 
Professor A. J. Francis, M.Sc., Ph.D., M.C.E., University 

of Melbourne. 
D. V. Isaacs, M.C.E., Commonwealth Experimental Build­

ing Station, Sydney. 
J. R. Barned, B.Sc., Division of Building Research, 

C.S.I.R.O. (Secretary). 

29. PATENTS CoMMJTTEE. 
I. Langlands, M.Mech.E., B.E.E., Division of Building 

Research, C.S.I.R.O. (Chairman). 
F . J. Lehany, M.Sc., Division of Electrotechnology, 

C.S.I.R.0. 
L. Lewis, B.Met.E., Industrial Research Liaison Section, 

C.S.I.R.O. 
M. Lipson, B.Sc., Ph.D., Wool Textile Research Labora­

tory, Geelong, C.S.l.R.O. 
F. G. Nicholls, M.Sc., C.S.I.R.O. 
K. L. Sutherland, D.Sc., Ph.D., Division of Industrial 

Chemistry, C.S.I.R.0. 
W. F . Evans, B.Sc., C.S.I.R.O. (Secretary ). 

30. C.S.I.R.0. STUDENTSHIP ADVISORY COMMITTEE. 
S. H. Bastow, D.S.O., B.Sc., Ph.D., C.S.I.R.O. (Chair­

man.) 
Professor, N. S. Bayliss, B.A., B.Sc., Ph.D., F.R.A.C.I. , 

F.A.A., University of Western Australia. 
Professor H. C. Forster, M.Agr.Sc., Ph.D., University of 

Melbourne. · 
R. N. Robertson, B.Sc.(Hons.), Ph.D., F.A.A., University 
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Professor J. G. Wood, Ph.D., D.Sc., F.A.A., University of 

Adelaide. 
D. T. C. Gillespie, M.Sc., C.S.l.R.O. (Conjoint Secretary). 
W. M. Balding, B.Sc., C.S.I.R.0. (Conjoint Secretary). 

31. FOUNDRY SANDS COMMITTEE. 

A. F. Dunbar. B.Sc., F.I.M., M.Aus.I.M.M., Royal Mel­
bourne Technical College (Chairman). 

W. E. Ewers, M.Sc., Division of lndustrial Chemistry, 
C.S.I.R.O. 

32. FoOOER CONSERVATION ADVJSORY COMMITTEE. 
Professor H. C. Forster, M.Agr.Sc., Ph.D., University ot 

Melbourne (Chairman) . 
P. J. R. Hird, M.Agr.Sc., Ph.D., University of Melbourne. 
w. L. Greenhill, M.E., Fodder Conservation Section, 

C.S.I.R.O. 
G. W. Lanigan, M.Sc., Fodder Conservation Section, 

C.S.I.R.0. 

33. FIBROUS PLASTER RESEARCH LIAISON CoMMJTTEI!. 

I. Langlands, M.Mech.E., B.E.E., Division of Building 
Research, C.S.I.R.O. 
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(Secretary). 

34. PAINT ON PLASTER RESEARCH COMMITTEE. 
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Research, C.S.I.R.O. 
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The following is a list of the staff of the Organization 
as at 30 June, 1958. The list does not include clerical 
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miscellaneous workers. 

1. HEAD OFFICE. 
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Chairman-Sir Ian Clunies Ross, C.M.G., D .V.Sc., D.Sc., 

A.R.C.V.S., LLD., F.A.A. 
Deputy 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. 
Research Secretary (Scientific Services)-F. G. Nicholls, 

M.Sc. 
Research Secretary (Physical Sciences)-G. B. Gresford, 

B.Sc., A .R.M.T.C. 
Research Secretary (Biological Sciences)-W. Ives, M.Ec. 
Secretary (Finance and Supp!ies)-M. G. Grace, A.A.S.A. 
Assistant Research Secretary (Staff)-D . T. C. Gillespie, 

M.Sc. 
Assistant Research Secretary (Biological Science)-P. F. 

Butler, M.Ag.Sc. 
Senior Research Officer-W. F. Evans, B.Sc. 
Senior Research Officer-W. M. Balding, B.Sc. 
Experimental Officer- Miss J. Dunstone, B.Sc., Dip.Ed. 
Experimental Officer- A. K. Klingender, B.Sc. 
Experimental Officer-B. E. Mummery, B.Sc. 

Edirorial-
Bditor- N. S. Noble, D.Sc.Agr., M.S., D.l.C. 
Assistant Editor-A. E. Scott, M.Sc. 
Senior Research Officer-R. W. Crabtree, B.Sc. 
Senior Research Officer- Miss M. Walkom, B.A. 
Research Officer-L. A. Bennett, B.Sc. 
Research Officer-Miss L. F. Plunkett, B.Sc. 
Research Officer-G. J. Wylie, B.A.(Hons.), B.Sc. 
Experimental Officer-R. Schoenfeld, B.Sc. 
Experimental Officer- R. L. Aujard, B.Sc. 
Experimental Officer- G. A. Forster, B.A., B.Sc. 
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Library-
Chief Librarian-Miss B. C. L. Doubleday, M.A. 
Scientific Librarian-Mrs. J. Barker, B.Sc. 
Scientific Librarian-Miss J . A. Conochie, B.Sc. 
Scientific Librarian-Miss L. J. Davey, B.Sc. 
Scientific Librarian-Miss J. C. Kahan, B.Sc. (at 

Perth). 
Scienlific Librarian-Miss H. M. Storie. B.Sc., 

F.R.M.T.C. 
Librarian-Miss P. Prendergast, B.A. 
Union Catalogue of Periodicals, Editor-Miss A. L. 

Kent. 

Accounts-
Accountant- D. J. Bryant, A.A.S.A. 

Finance-
Assistant Secretary (Finance and Supplies)-R. W. 

Viney, A.A.S.A., A.C.T.S. 

Stock Records-
J. M. Short, A.A.S.A., A.C.l.S. 

Orders and Transport­
V. H. Leonard, J.P. 

S1afJ-
Sta'li Relations Officer- L. G. Peres, B.Ec. 
Senior Staff Officer-J. Coombe. 

Records-
P. Knuckey. 

Publications-
T. R. Hunter. 

Liaison Overseas­
London-

Chief Scientific Liaison Officer-E. J . Drake, 
F.R.A.C.I. 

Senior Research Officer-A. B. HackeU, 
B.Agr.Sc. 

Senior Research Officer-R. C. Richardson, B.E. 

Washington-
Chief Scientific Liaison. Officer-T. B. Paltridge, 

B.Sc. (Hons.). 

Translation Section-
Translator-in-charge-A. L. Gunn. 
Translator-E. Feig!, Ph. D. 
Translator-Mrs. M. Slade. 
Translator-Miss M. J. Hardy, B.A. (Hons.). 
Translator- C. Wouters, Ph.D. (Lit.) (at Sydney). 
Translator-P. A. Kazakov, LL.B. (at Sydney) (part-

time). 

Film Unit-
Senior Research Officer- S. T. Evans, B.Sc. 

Architectural-
Architeet-W. R. Ferguson, B.E. 

2. SECRETARIES OF STATE COMMITTEES. 

New South Wales-
A. J. Fliggs, B.Sc.(Hons.). Division of Radiophysics, 

University of Sydney. 

Victoria.-
F. G. Nicholls, M.Sc., 3 I 4 Albert-street, East Mel­

bourne. 

Oueensland-
- W. W. Bryan, M.Sc.Agr., Plant and Soils Laboratory, 

Brisbane. 

South Australia-
A. W. Peirce, D.Sc., Division of Biochemistry and 

General Nutrition, University of Adelaide. 

West em Australia-
R. P. Roberts, M.Sc.(Agric.), Department of Agricul-

ture, Perth. 

Tasma11ia-
D. Martin, D.Sc., " Stowell '', Stowell-avenue, Hobart. 

3. AGRICULTURAL R ESEARCH LIAISON SECTION. 

(Head-quarters: 34 Albert-street, East Melbourne.) 

A I Head-quarters, East M elboume-
Officer-in-cbarge-D. B. Williams, B.Sc.Agr., B.Com., 

Ph.D. 
Princ~pa l Research Officer- K. Loftus Hills, 

M.Agr.Sc. 
Senior Research Officer-Mrs. J. Tully, B.Sc.(Hons.) , 

Ph.D. (seconded to University of Melbourne) . 
Research Officer-J. L. Dillon, B.Sc.Agr. (on leave). 
Experimental Officer- R. N. Farquhar, B.Agr.Sc. 
Experimental Officer-J. J. Lenaghan, B.Agr.Sc., 

M.S. 
Experimental Officer-G. F. Smith, M.A. 
Experimental Officer- N. L. Tyshing, B.Sc.Agr. 

At Canberra 0/fice-
Senior Research Officer- A. P. Gurnett-Smith, 

B.Agr.Sc. 
Experimental Officer-K. D. Woodyer, B.Sc.Agr. 

4. ANIMAL GENETICS Sl!CTION. 

(Head-quarters: Unjversity of Sydney.) 

Officer-in-charge-I. M. Rendel, B.Sc., Ph.D. 
Principal Research Officer-A. S. Fraser, M.Sc., Ph.D. 
Senior Research Offioer- W. R. Sobey, B.Sc., Ph.D 
Senior Research Officer-G. W. Grigg, M.Sc., Ph.D. 
Senior Research Officer- H. I. Hoffman, M.Sc., Ph.D. 
Research Officer-B. L. Sheldon, B.Agric.Sc.(Hons.). 
Research Officer-T. Nay. 
Experimental Officcr-K. E. TumbuU, B.A. 
Experimenta1 Officer-Miss B. M. Kindred, B.Sc.(R ons.). 
Experimental Officer-Miss M. J. Burford, B.Sc. 

5. DIVISION OF ANIMAL HEALTH AND PRODUCTION. 

(He:id-quarters: Cnr. Flemington-road and Park-street, 
P arkville, Melbourne.) 

At Divisional Head-quarters, Melbourne-
Chief-D. A. Gill, M.R.C.v.s .. D.V.S.M. 
Divisional Secretary-A. J. Vasey, B.Agr.Sc. 

At Animal Health Research Laboratory, Melboume­
Assistant Chief of Division and Officer-in-charge­

T. S. Gregory, D.V.Sc., Dip.Bact. 
Assistant Chief of Division-A. W. Turner, O.B.E., 

D.Sc., D.V.Sc., F .A.A. 
Laboratory Secretary-J. M. McMahon, B.Com. 
Senior Research Fellow-L. B. Bull, C.B.E., D.V.Sc., 

F.A.A. 
Senior Principal Research Officer-A. T. Dick, 

D.Sc. 
Principal Research Officer-D. Murnane, D.V.Sc. 
Principal Research Officer-R. H. Watson, D.Sc.Agr. 
Senior Research Officer- A. T. Dann, M.Sc. 
Senior Research Officer-I. D . B. Newsam, Ph.D., 

M.R.C.V.S. 
Senior Research Officer-J. E. Peterson; B.Y.Sc. 
Senior Research Officer-A W. Rodwell, M.Sc .. 

Ph.D. 
Researcb Officer-I. B. Bingley, D.A.C. 
Research Officer-G. S. Cottew, B.Sc. 
Research Officer-J. F. Eadie, B.Sc. 
Research Officer-Miss V. E. Hodgetts, B.Sc. 
Research Officer-P. Plackett, B.A. 
Research Officer-H. M. Radford, B.Sc. 
Experimental Officer-S. H. Buttery, B.Sc. 
Experimental Officer- Miss C. E. Eaies, B.Sc. 
Experimental Officer- Miss M. J . Monsbourgh, B.Sc. 
Experimental Officer- Miss E. M. E lder, B.Agr.Sc. 
Scientific Librarian-Miss F. V. Murray, M.Sc. 
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At Poultry R esearch Centre, Werribee, Victoria­
f!rincipal Research Officer and Officer-in-cbarge-F. 

Skaller, M.Agr.Sc., B.Com. 
Se(lioi: ~~seaq:I, Qfficer:-J 1 ,-\. tdorrj~1 l,l.Sc.Agr. 

(Horw. ) ! P!J,D. 
Senior Research Officer-F. E. Binet, M.D. 
Research Officer-=T, p. AlleQ, B.Sc. 
~gerimental Offjo~r-Mis§ I,.. w. ! , Bohr., M.Sc. 

(Agr.). 

At McMaster Animal Health Laboratory, ~ydn'}y­
Qfflc;er:in~cbarg~D. f. Stewart, D.V.Sc., Dip.Bact. 
Wil!i~1t1 t\{eIJialJ! Fello1¥ in Animal Hµ~b~pdry­

M. C. frfU!klin, M.Sg., Ph.J;>. 
Seqior Prin~!Pl!! Re~earcn Officer-ij.. McL, Gordon, 

~:v.sc, · 
Principal Research Officer-Miss H. A. Newton 
Turner, J\.ArE!i· 

~l'\ior ~es~ascl:! Qfficer-N. P. H, O~aham, B.Y.Sc. 
Senior Research Officer- A. A. Dunlop, M.Agr.Sc., 

Ph.D. 
~@niP.F B,~searc!i Qfticer...,.~ : [>. ¥P.rray1 !!.Sc. 

(Vet.Sci .. ), F.R.C.V.S. 
Se.nior B,~e~q Qfficer-_\l. I. Spmmerv\U'<, M.Sc. 

Agr.(Hons.) . 
Research Officer-P. K. Briggs, B.Sc.Agr.(Hons.). 
Research Offieer-C. H . Gallagher, B.V.Sc., Ph.D . 
Researgh Qlfi~er~I, Q. '!!~~rspn , B,V,Sc, 
Research Qffi~er-~, E. A: Syqipn§, B.V.~9, 
~e,~e,argq Qm9~r--M-r~. J'I. lJ, Carter, ~,~g. 
Re,se~n:h C}fftct:r--=-J. J. Tqoma~1 l},V.S~, 
R~s~11rcq Officer~I}. ~. Robert~, B.V.§c, 
!l~~~argh Qffigc:r~ , A. Panar~tt~, B,.V.~g. {pn ~t~dy 

!~ave), 
Research Officer-G. M. Talµs , M.Sc., p~ .. I?. 
Ian McMa~~er F~!!ow-=1. W. Parp~% ~·~:! Pb,D., 

f..R,&.l!. 
Ian Mg¥jlst~f f !:qow-..E. J. ~· ~9\tl§l!Y1 ~.J\,. 

Ph.D., M.R.C.V.S., D.V.S.M. 
Experimental Officer-K. J . Farrington, B.Sc., 

A.B.T.O. 
li"perilll~Qt!!I f>.!TIP~r-=-I, Q. ~pray, P.Y,.M, 
Experimental Ol'fi~~r~~. S. ¥ , ¥qqng, B.Agr.Sc. (on 

study leave) . 
Expcrimentl!J Qfficer- 1': J. Gr11inger1 B,?c. 
Scientific Librarian- M iss A. G. C'uley, M.Sc. 
Laboratory Secretary-H. H. Wilson. · 

At Sheep [:JiolqfX Laboratory, Prospecti New South 
Wales- · 

Assistant Chill~ of Dlvi~ion aod Offi~er-in-charge­

J. W. McDonald, B.V.Sc., ~,Sc., Ph.p. 
Techni!.:a! Secretary- I. ~. Elliott, B,Sc. (Ho~.) , 

Prin~ip!!l ~~S~!lfgi 9ff!cer- !{. f... Fergu~on, ~.V,Sc. , 
Ph.D. . 

~rinc!pal Resear~h Officer- !- C. D. Hutchinson, 
M.A. 

Princij??I Res~ch Qfficer- G. R. Moule, D.V.Sc. 
Princ!paJ Re~t:~ch Officer-R. L. Reid, B.Sc.Agr. 

(Hons.), Ph.D. 
Principal Research Officer-P. 0. Schiackel, B.V.Sc. 
Senior Research Officer-G. Alexander, M.Agr.Sc. 
Senior Research Officer- A. W. H . Braden, B.Sc., 

Ph.D. 
Senior Research Officer-A. M. Downes, M.Sc. 
Senior Research Officer-A. 0. Lyne, B.Sc., Ph.D. 
Senior Research Officer- B. P. Short, M.Agr.Sc., 

Ph.D. 
Research OffieeF--.A. H. Braok:, B.V.So. 
Research Offieer-J. P. Ho~an, B:Sc.A~r.(Hons.), 

Ph.D. 
Research OfficeF-H. R. Lindner, B.V.Sc. 
Research Officer-P.. J. Reis, B.Sc.Agr. (Hons.). 
Resp.arch Officer-A. L. 0. Wallace, 'B.Sc. 
Research 6ffieer-A. C. Warner, B.Sc., Dip.Micro-

biol., Bh.D. . 
Research Officer- R. H . Weston, B.Sc.Agr.(Hons.). 

Rese11rch O.fP~er-lVJiss NJ. M. Wodzick~, M.f\gr.Sc. 
Experimeqt~! Officer-J. V{. U, Beestop, ¥.B.E., 

A,s.r.c. 
Experimental Olf!cer- R. E. Cpapm~n, B.Sc.App. 

(I-Jons.) 1 • 

Experimental Officer-J. W. Bennett, B.Sc. 
~xperime,[ltal Offic;;~r-J'yfiss B. Burpett, B.Sc.'1-&r· 
ExperimentaJ Officer-Mrs. J. M. Date, B.Sc.Agr. 
Experimental Otp.cer-Miss J. J. - D avjes, ll.Sc. 
(Hon~.). 

Experimental Officer-Miss J . K. Elder, B.Sc. 
Experimental Officer-Miss M. J. Heideman, B.A. 
ExperimentaJ Officer-Miss S. M. Kemeny, B.Sc.Agr. 
Experimental Qffi~er~, C,. Mills, B.Sr;:., A.S.T.9. 
Experimental Officer-W. T. Outch, A.S.T.C. 
E11perinu:nta{ Officer- L. F. Sharry, A.R.M.'f.O. 
Experimental Officer-A,. ~· Ti!J, B.Sc. 
Scicnti.fic Librarian-G. G. Allen, M.A. 

At Regional Pastoral Lqb9rqtqry, Armi{iale, Ne1y Spurh 
Wales-

Executive Officer to Research Cqmmitt~~,..,--l. f. 
Barrett, B.V.Sc. 

Senior Research Officer-W. H. Southcott, B.V.Sc. 
Senior R~:j~arch Qffic~r-L. J . L;i;iµbourne, Nf .$c: 
Experimental C>fficei;-J. M. H. Oeqrge, B.Sc.Agr , 
Experimental Officer-D. B. Muirhead. -

At McMaster Field Station, Badgery's Creek, Ne1v ~puth 
Wa/es-

Officer-in-charge-R. H . Hayman, M.Agr.Sc., 
Senior Research Officer-D. F . DowJi11g, ~.V.Sc., 

B.Sc., Ph.D. 
Research Officer-J. M. Doney, B.Sc.(Hons.), Ph.D . 
Experimental Officer-Y. S. Pan, B.Sc.Agi:. 

At Veterinary Parasitology LaborqtO()l1 Y f!erongpilly, 
Q11ee11sla111:h-
·- Office~in-charge-F. H. S. Robert~1 D.,S~. 

Acting Offlc!l~in-Ch:\r&~~. F. Ri~k, ~.V,Sc;., M.Sc. 
Senior Research Officer-P. H. Durie, M.Sc. 
~ese11rch Qf!lcer-K. C. ~re,111n~r. M:S~. 

Research Officer- P. Elek, LL.D., B,V.S~. 

Experimental Officer-R. K. Keith, A.R.A.C.I., 
Dip.Ind.Chem. 

At National Cattle BreediT!g ~[ptipn, ' ' ~elmont '1, R;gck­
hampton, Q11eensland-

Officcr~~-cflf!rg~-,J. p. K~npe~y, M.t-gr.Sc. 
Sgnior ~~ear~~ O.f'ficer-H. 0. Tl!rner, B.Agr,Sc., 

M.A. -
Experunental Officer-R. W. Hewetson, B.V.S9. 
Experimental Officer-G. T. French, B.V.Sc. 
Experimental Officer-A. V. Schleger, B.Sc. 

At National Field Station, "Gilruth Plains '', Cunna· 
111111/a, Queensland-

Officer-in-charge-~. ~· S. D91li!)g, B.Agr.~i:: 
Experimental Officer-R. W. Moore, B.Agr.Sc. 

At Western Aus{r(lliqp Dc11qrt111cT1{ of Agr(cul(we, A nimal 
Health and Nutrition Laboratory, Ned/ands, Western 
A 11stralia-

' senior Research Officer-A. B. Beck, M.Sc. 

At Institute of Agric11lture, University of W estern A11s­
(rq(ia, Nedlq{Uf~1 ff,'e~{~m Aµstraliq-

Senior Research Officer-E. Munch-Petersen, M.Sc., 
B.A. . 

6. DIVISION OP B10CHEMISTR¥ AND GBNBRAL NUTRITION. 

(Head-quarters: University of Adelaide.) 

Chi~f-H: R: f'.1~r~tQP.! J:?.Sc., F:A.A., F.R.S: 
Senior Princig?! ~esi:argh Oflicer- D. S. Jltceman, M.Sc., 

B.Ag.Sc. 
Principal Research Officer-Miss M. C. Dawbarn, M.Sc. 
Principal Research Officer-F. V. Gr11y, M.Sc. 
Principal Research Officer-I . G. Jarrett, M.Sc. 
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PFiaeipal Research {)fficer-G. B. Jones, M.Sc. 
Principal Research Officer-H. I. Lee, M.Sc. 
Principal Research Officer-I. A. Mills, M.Sc., Ph.p. 
Principal Research Offieer- A. W. Peirce, D.Sc. 
SenioF Research Officer- Miss S. H. Allen, B.Sc. 
Senior Research Officer-L. I. Frahn, M.Sc., Ph.D. 
Senier- Research Offieer-A. F. Pilgrim, B.S~, 

Senior Research Officer-R. M. Smith, B.Sc. 
SenioF Research Officer-R. A. Weller, ·B:sc. 
Research Officer-W. W. Forrest, B.Sc., Ph.p . 
Research Officer-R. E. Kuchel, B.Sc. 
Research Officer-B. I. Potter, M.Sc. 
Research Officer-Mrs. D. C. Roder, M.Se. 
Research Officcr-D. J. Walker, B.Sc., Ph.D. 
Experimental Officer-A. Q. Blaskett, B.Sc. 
Experimental Officer-W. D. Dewey. 
Experiment.al Qtpcer~O. l:I. Fiisel1, B.So. 
Experimental Officer-H. Hewett Jones, R.D,{\. 
Experimental Officer- W. S. Osborne W~ite, .n,sc;. 
Experimentnl Offi€er.,.......,V. A. $t~pqen .. 
Exper\m§nf11l Offi~er--=-I, Q, Wils_E!n {Pl!rNirrie). 

7. DIVISION OF BUILDINQ "R,BSBJ\Jt<;:Jf, 

(Head-quarters: Graham-road, Highett, Victoria.) 

Administration-
Chief.,,.-1. J.,anglnnds, M.Meoh.E., B.E.E. 
Technical Secretary-I. R. B!:!nwd, Jl.:5c., A·lt¥.T,C, 
p!fitQr-I. C. ff. Cr~l!, !l,~\>· 
Senior Drafting Officer- W. Maier, Dip.In~. 

Information and Libi·ary-
Senior Re~eaFcp Of'Qc~r.,-R, C. Mc'f(\ggart, \3.S.9, 
J;:11;i:1~F~ental Of!i~er-E. M. 6oult~r, M.Ag.~g~ 
Librarian-Miss L. W. Power. 

Mechanics and Physics of Materials-
SeniQr ResearGh Officer- F. A. Blakey, B.E.(Hons.), 

Ph.D. 
Senior Research Officer- .{,. FiP.9h, B.Arcp., ~,S9., 

Ph.D. 
Experimental Qfficer- W. H. TaylC?r, M.C.E. 
~xperiment~l Qffjger-R. ~- L~wis, B.Sc.(Hons.). 
Experimental Officer-E. N. Mattison, 
Experimental Officer-B. Kroone, D.R.8. 
Experimental Officer- F. D. f3en:is fArq~ F,~.M,".'f'.~. 

Ex.perim1mtal Qffipf!r-J.. J , R.4S!>~ll, :j:!.~c. 

Masonry /Jivesliga1ions-
Principal Research 0fficer-I. S. Hosking, M.Sc., 

Ph.D. 
Principal Resear~q Oft1cer- W, F , CRle~ M.Sc., 

Ph.D. 
Senior Research Officer-H. V. Hueber, Dr.Phil. 
Senior Research officer-R.' D.' Hill, B.Sc., B.Com. 
Research Officer-Miss A: · A. Milne, B.Sc., Ph.D . 
Experirn.entai' ·officer-Miss N. M. Rowland, 

F.R.M.T.C. 
Experimental Officer- A. E. Holland, A.R.M.T.C. 
Experime!Jtal Officer-D. N. Crook, A.Sw.'11.C. 
~xperitJ!ental Officer-0. L. Garrell B.Sc. 

Surfacing Materials lnvestigations-
Senior Reseai:£jl ()ffici:r-E. H , Water&1 M,Sc. 
Ex.per~m~11t~l Otfi2~r-l. E. Brigrt, B.Sp. 
~~JlePirl'!en~al Offic~r-D. A. Bowell, B.S.c. 
Experimental Officer-G. F. Moss, B.1)c. 
E~perHriental Offjcer-S. J. Wa,y, B.Sc. V, 

Architectural Physics- 1 
P.J'incipal Researpb Officer~R. W. Muncey, M.E.E. :'. 
Principal Research 0fficer- W. K. R. Lippert, 

Dr.rer.nat. 
Senior &esf,Jar~n Oflii::er.,--.t\. !1· ~. l'ii~~~pn, l'yf.~~· 
Research .. Officer-T. S. Holden, B.Sc. 
Experimental Officer- P. Dubout, B.Sc. 
Experimental Officer- I. S. Howard, B.E. 
Experimental OfficeF-W. A. Davero, A.R.M.T.C. 

Organic Materials lnvestigalions-
Se~ior Research Officer-E. R. Ballantyne, B.Sc. 
Research Officer-K. G. Martin, B.Sc. 
Experimental Offieer-J. W. Spencer, B.Sc. 
Experimental Officer-N. G. Brown, A.M.T.C. 

Fibrous Pl(ls(er R esewch--, 
S«AiW ~~~earch Qftic~r-lVf. J. Rid~~1 J\4.S,c. 

Paint on P/asf~r [ny.estjgptio'l-
Seruer R~2~aFcq Off!cer-~. ~offll'J!!P.1 pr.Phil. 

8. CANBERRA LABORATORIES, ADMINISTRATIVE OFFICE. 

(The services of this office are common to the Divisions 
flfld Sectipns in Can~~r.a.) 

Senior Administrative Officer- K. J . Pr-owse. 
Deputy Senior Administrative Qffic~r..,..,.,.D. Banyan!. 
A.c~auptµnt-~. E. P~tersen. -
Scientific Librarian-D. R. May, :P,,t\., ~.Sc. 
Seniqr Li!>r:ariari-P. Russell. 
Librarian-Miss C. J . Maguire, B.A. 
LjprflTiflfl-::-Miss M. I. Mprk;y, :fl.A. 

9. COAL RESEARCH SECTION. 

{Head-quarters: Delhi-road, North ~ygel Ne'Y Soyt)l 
Wa!es. 

Officcr-in-charge--H. R. Brown, B.Sc. (Eng.) (Hons,). 
Technical Sec;retary......,K, f. ~ak~r, M.Sc.Appl., ~.Sc.r('!c~, 

Principal lii.?s~ar:cli Qffi1<~r-I. D. Broo~s1 B.Sc.(Jions.) , 
Principal R~sel\r<?lt Qffic~r,-E, J. Green!ww. }l .~c. 

(tt~ms,} 1 Ph.:P,. 
Principal Research Officer- P. L. Waters, B.Sc.(~pp~, ), 

Pp,J;l , 
Spnigf R1<§eqrcb QtJi~cr-W. T· <;oi:!p,er, J}.Sc.(fions.). 
Senior ResearcP, Ofqc~r-R A. l;)\Jrie, M.Sc,1 :pp.D. 
Senior Resear~!'l Qfficer,..,-G. L. Shin~s. M,E. 
Research Office;-J. J. a atten, M.Sc. (overseas) . 
Research Offii;:er- K.. McG, Bowling, B.S9., Ph:o. 
Research Offi~~r-f\.. c;iimi;rpn, B.$~.(:f!on~.), Ph.I). 
Research Officer- W. R. H~sp, Digl.l!lg.Ch~m., D.Sg: 

Tech. · · 
Resea;ch Offic~r-:-13. l\1. Lypcl:), M..~9., Ph.D. 
Research Offi{!er-,-W. ~~Uy, B.Sc.(Hons.}, Ph.D. 
Research Offic~r~1v{ . ~QS&l!!lberg, Ph.p. 
Research Qfficer.-I. S. S,hapnop, B,Sc.(Hons.}, Pl\.p . 
Research Offic~r-J, F. St~pb~ns ~ 1'1:§9. ( \'.lVerse11s). 
Research Qffic;~r.....,..S, Sterpq~ll, M .Sc, 
Research Officer- Q. fr. T 11ylar., M:§9., Dr..rer-nCJt. 
Research Officer~J. f. Wilshir~, ~:§<?·(Hons.), :pq,Q. 
Experimentql Qtfjcer- J'yf. ~· Burns, M.In~t.f. 

Experimental Offic~~J. ~~~czyk, p ipl.lng.9J1erp, 
Experimental Qf!ic~r-F . .f\gus, A.M:Irist.R 
ExperimentaJ O,ffii:er-Q'. ~ . Qpmiµ S~pind ler, gj~.19~·· 

D.I.C. . 
Experimental Officer-~·£'. F: f!eqpel!y, }3.S.f:. 
Experimental Ofiic~r-q. G: M~cdonald, M,S~. 

Experiment11I Of!19er- R. ~erppowicz, P igl,EQg. 
Experimenta! Qffifer.....,.,p , H, I?pilipp, ~.Sc. ·· 
Experimental 9ffl~~r=-l!· 1'j'. S . S<!Jlaf~r, B .Sc. (Ifpn~. ) , 
ExperirneptaJ 9\ficer-:-J. W, $mjtb, A.lU,C. · 
Experimental Officer- :'\lV. Q. §t11cey, B.Sc. 
Experimental Officer- I. N. Stephens, M.A. 
Experimental Officer-Mrs. G. Sugowdz, M.Sc. 
Experimental Officer- I. W. Sweeting, B.Sc. 
Ex.pe[!rirrientpl Qffic,:~r,...,.....A. W11fts, J\.S.M.a. 
Experimental OffiC;;er-f.. ~· G. Qpafp, '13.§~. 
Bx.pl'!rimen!~I Off\cer- Mrs, o. Y. M.PiDflf, I)ip~.Chem. 

~~~· 
E~p~r1.menta! _Pffic~r7""s. ~t· I. Wam~. ~.~g, 
L1oranan-M1ss P. I. Ross, B.A.(Hons.) 

10. PA!~:Y R!!SE(\'!!-C!i ~E!'.J:rIO~ . 

(Head-quarters: Graham-road, Highett, Victoria,) 
Qffloer-in-charge- '3. D. Loftus HilJs, B.Agr-.S2: 
Technical Secretary-L. L. Muller, B.Sc. 
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Principal Research Officer-N. King, M.Sc. 
Senior Research Officer- E. G. Pont, M.Sc.Agr. 
Senior Research Officer- J . Conochie, B.Sc.(Agric.). 
Senior Research Officcr- J. Czulak, B.Sc.(Agric.), Dip. 

Bact. 
Senior Research Officcr- D. A. Forss, M.Sc. 
Research Officer-J. W . Lee, Ph.D., B.Sc.(Hons.). 
Research Officer- K. I . Turner, Ph.D., B.Sc.(Hons.). 
Experimental Officer- A. J. Lawrence, B.Sc. 
Experimental Officer- Miss B. M. P. Keogh, M.Sc. 
Experimental Officcr-R. Beeby, A.R.M.T.C. 

11. DIVISION OF ELECTROTECHNOLOGY. 

(Head-quarters: National Standards Laboratory at the 
University of Sydney.) 

Chief-F. J. Lehany, M.Sc. 
Technical Secrctary-R. C. Richardson, B.E. (overseas 

with A.S.L.O., London). 
Senior P rincipal Research Officer-W. K. Clothier, B.Sc., 

M.E. 
Senior Principal Research Officer-A. M. Thompson, B.Sc. 
Principal Research Officer-R. J. Meakins, B.Sc., Ph.D., 

D.1.C. 
Principal Research Officer-D. L. Hollway, B.E.E., 

M.Eng.Sc., D.Sc.(Eng.) 
Principal Research Officer- J. S. Dryden, M.Sc., Ph.D., 

D.l.C. 
Senior Research Officer-L. G. Debbie, M.E. 
Senior Research Officer- T. M. Palmer, Dipl.F.H. 
Senior Research Officer-L. Medina, Dipl.Ing. 
Senior Research Officer- D. L. H. Gibbings, B.E., B.Sc., 

Ph.D. 
Senior Research Officer-D. W. Posener, M.Sc., Ph.D. 
Senior Research Officcr- D. G. Lampard, M.Sc., Ph.D. 
Senior Research Officer-H. K. Welsh, M.Sc. 
Research Officer-C. H. Miller, B.E., D.Phil. 
Research Officcr- 0. I. A. Cassidy, B.E.E. 
Research Officer-G. J. Johnson, B.Sc.(Hons.). 
Research Officer-P. G. Harper, B.Sc.(Hons.), Ph.D. 
Research Officcr- W. E. Smith, B.Sc. 
Experimental Officer- L. M. Mandi, Dipl.Ing., A.S.T.C. 
Experimental Officer- H. A. Smjtb, A.S.T.C. 
Experimental Officer-R. W. Archer, A.S.T.C. 
Experimental Officcr- F. C. Brown, A.S.T.C. 
Experimental Officer- M. C. McGregor, A.S.T.C. 
Experimental Officer-I. K. Harvey, A.S.T.C. 
Experimental Officer-D. B. Armitage, B.Sc., B.E. 
Experimental Officer- H. Bairnsfather. 
Experimental Officer-H. C. Collins, A.S.T.C. 
Experimental Officer-I. M. Melano, A.S.T.C. 
Experimental Officer-I. S. Cook, M.Sc. 
Experimental Officer-R. E. Holmes, A.S.T.C. 
Experimental Officer-R. P. Hoffman, A.S.T.C. 
Experimental Officer-W. H. Reid, A.S.T.C. 
Experimental Officer-P. Buss, A.S.T.C. 
Experimental Officer-I . Freibeiter, B.E.E. 
Experimental Officer-A. W. Fleischmann, A.S.T.C. 
Experimental Officer-D. F. P. Kelly, A.S.T.C. 
Experimental Officer-P. I. Somlo, Dipl.E.E. 
Experimental Officer-I. C. Coles, B.A., A.S.T.C. 
Drafting Officer-T. H. 0 ruetzmacher. 

12. ENGINEERJNG SECTION. 

(Head-quarters: Graham-road, Highett, Victoria.) 
Officer-in-charge- R. N. Morse, B.Sc., B.E. 
Electrical and Mechanical Engineer-F. G. Hogg, B.E. 
Senior Research Officer- J. I. Kowalczcwski, Dipl.Ing. 
Senior Research Officer- I. H . McClelland, B.Sc., 

M.Agr.Sc. 
Research Officer- M. Kovarik, Ing. 
Research Officer-R. H. S. Riordan, B.E.E. 
Experimental Officer- K. A. Robeson, B.Mech.E. 
Experimental Officer- 0. T. Stephens, Dip.Mech.Eng., 

Dip.EJ .. c.Eng. 

Experimental Officer- R. C. R. Johnston, B.Mecb.E., 
M.Eng.Sc. 

Experimental Officer-J. T. Czarnecki, Dipl.Ing. 
Experimental Officer- D. W. Cunliffe, F.M.T.C. 
Experimental Officc r- L. G. Claxton, B.Mech.E., R.D.A. 
Experimental Officer- W. R. W. Read. 
Experimental Officer- T. D. Norwood, Dip.Mech.Eng., 

Dip.Elec.Eng. 
Experimental Officer-E. R. Wilson, B.E.E., A.G.Inst. 

Tech. 
Experimental Officcr- 0 . Perczuk. 
D rafting Officer-E. T. Davey. 
Drafting Officer- H . L. Chapman. 

13. DIVISION OP ENTOMOLOGY. 

(Head-quarters: Canberra, Australian Capital Territory.) 
At Canberra-

A dminist ration-
Chicf- A. I. Nicholson, D.Sc., F .A.A. 
Assistant Chief- D. F. Waterhouse, D.Sc., F.A.A. 
Technical Sccretary-K. L. Taylor, B.Sc.Agr. 

Population Dynamics-
Chief-A. J . Nicholson, D.Sc., F.A.A. 

Field Population Studies--
Principal Research Officer-L. R . Clark, M.Sc. 

Ecology of Orchard Pests-
Senior Research Officer-P. Geier, B.Sc.(Agr.) , 

Ph.D. 
Experimental Officer-A. Magassy, Dr.Agr.Sc. 

Cockchafers and Eucalypt Defoliating lnsects-
Senior Research Officer- P. B. Came, B.Agr.Sc., 

Ph.D., D.I.C. 

Locust lnvestigatio11s-
Principal Research Officer-K. H. L. Key, D .Sc., 

Ph.D., D.T.C. (overseas). 

Grasshopper In vestigatio11s-
Rcscnrch Officcr- D. P. Clark, B.Sc., Ph.D. 

Pasture Caterpillars and Taxonomy of Lepidoptera­
Principnl Research Officer- I. F. B. Common, M.A., 

M.Agr.Sc. 

Taxonomy of Diptera-
Senior Research Officer-S. J. Paramonov, D .Sc. 

Taxonomy of Hyme11optera-
Principal Research Officer-E. F. Riek, M .Sc. 

Museum-
Rcsearcb Officer- T. G. Campbell. 

Physiology and Toxicology-
Assistant Cbief-D. F. Waterhouse, D.Sc., F.A.A. 
Principal Research Officer-D. Gilmour, M.Sc. 
Principal Research Officer-R. FL Hackman, M.Sc., 

Ph.D. 
Senior Research Officer-R. F. Powning, A.S.T.C., 

M.Sc. 
Research Officer- A. R. Gilby, M.Sc., Ph.D. 
Research Officer- L. B. Barton Browne, B.Sc., Ph.D. 

(overseas). 
Experimental Officer- H . Irzykiewicz. 
Expcrimentnl Officer-I. W. McKcllar, B.Sc. 
Experimental Officer- Mrs. M. M. Goldberg, B.Sc. 

Vims lnvestigations-
Principal Research Officcr- M. F. Day, B.Sc., Ph.D., 

F.A.A . 
Research Officer- T. D. C. Grace, B.Sc. (overseas) . 
Experimental Officer- N. E. Grylls, D.D.A. 

lmecticide Investigations-
Senior Research Officer- R. W. Kerr, B.Sc. 

Biological Co111rol-
Principal Research Officer-F. Wilson. 
Research Officer-G. F. Bornemissza, Ph.D. 

.. 

• 
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Termite lnvestigations-
Principal Research Officer- P. J. Gay, B.Sc., D.l.C. 

Termites in Forest Trees-
Senior Research Officer-T. Greaves. 

Grain Storage lnvesligMions-
Principa1 Research Officer-$. W. Bailey, B.Sc .. 

A.R.C.S. 
Sheep Blowfi.y Ecology-

Principal Research Officer-K. R. Norris, M.Sc. 

At Y eero11gpilly, Queensland­
Cattle Tick Investigations-

Senior Research Officer- P. R. Wilkinson, M.A. 
Senior Research Officer- W. J. Roulston, B.Sc. 

(overseas) . 
Experimental Officer- H. J. Schnitzerl iog, Dip.Ind. 

Chem. 
Experimental Officer-C. A. Schunter, B.Sc. 
Experimental Officer-B. F. Stone, Dip.Ind.Chem. 

At Townsville, Queensland­
Cattle Tick lnvestigations-

Bxperimental Officer-K. L S. Harley, B.Sc. 

At Plant and Soils Laboratory, Brisbtme­
Biological Control lnves1iga1ions-

Senior Research Officer-a. 0. Strides, B.Sc., Ph.D. 

Al Ned/ands, Western Ausrralia-
Earth Mite and Lucerne Flea lllvestigations-

Senior Research Officer-M. M. H. Wallace, B.Sc. 

At Sydney­
Biological Control-

Senior Research Officer-G. J. Snowball, B.Sc. 
Experimental Officer-R. a. Lukins, B.Sc. (in 

Hawaii). 
Fruit Fly Ecology (1vith University of Sydney)­

Research Officer-M. A. Bateman, B.Sc. 

14. DIVISION OP FISHERIES ANO OCEANOGRAPHY. 

(Head-quarters: Cronulla, New South Wales.) 

A 1 Cromtlla-
Chief-G. F. Humphrey, M.Sc., Ph.D. 
Technical Secretary-Mrs. L. M. Willings, B.A. 

(Hoos.) . 
Librarian- Miss A. M. Copeland, B.A. (Hons.). 
Research Fellow-L. a. M. Baas Becking, Ph.D ., 

D.Sc. (with Bureau of Mineral Resources, Can­
berra). 

Principal Research Officer-B. V. H amon, D .Sc. 
(Hons.), B.E.(Hons.) (overseas). 

Principal Research Officer-I. S. R. Munro, M.Sc. 
Principal Research Officer-D. J. Rochford, B.Sc. 

(Hons.). 
Principal Research Officer-I. M. Thomson, D .Sc. 
Principal Research Officer-E. J. F. Wood, B.A., 

M.Sc. 
Research Officer- R. G. Chittleborougb, M.Sc., Ph.D. 
Research Officer-D. E. Kurth, B.Sc.(Hons.). 
Research Officer-R. J. Maci ntyre, M.Sc. (overseas). 
Research Officer- W. B. Malcolm, B.Sc., Ph.D. 

(overseas) . 
Research Officer-J . P. Robins, B.Sc. 
Research Officer-H. B. Wisely, M.Sc. (overseas). 
ExperimenJal Officer- J . J. S. Boban.na, B.Sc.Ag. 
Experimental Officer-N. L. Brown, A.S.T .C. 
Experimental Officer-A. D. Crooks, B.Sc. 
Experimental 0.fficer-H. R. Jilts, B.Sc. 
Experimental Officer-D. J. Tranter, B.Sc. 

At Melbourne-
Research Officer-T. R. Cowper, B.Sc.(Hons.). 

At Perth-
Senior Research Officer-K. Sheard, D .Sc. 

At 1Iobart-
Princi.pal Research Officer- A. G. Nicholls, B.Sc. 

(Hons.), Ph.D. 
Senior Research Officer- A. M. Olsen, M.Sc. 

At Thursday Island, Quecnsland-
Senior Research Officer- I . S. Hynd, B.Sc. (Hons.). 

15. FODDER CONSERVATION SECTION. 

(Head-quarters: Graham-road, Highelt, Victoria.) 

Officer-in-cbarge-W. L. GreenhiJJ, M.E. 
Senior Research Officer-a. W. Lanigan, M.Sc. 
Senior Research Officer- Miss J. F. Couchman, M.Sc. 
Research Officer- W. Shepherd, B.Sc., B.Agr.Sc. 
Experimental Officer-J. E. de Freitas, F.R.M.T.C. 
Experimental Officer-C. J. Brady, M.Sc.Agr . 

J 6. DIVISION OP Fooo PRESERVATION AND TRANSPORT. 

(Head-quarters: State Ab:ittoir, Homebush Bay, New 
South Wales.) 

At Homebush, New South Wales-
Ad1ninistration-

Chief-J. R. Vickery, M.Sc., Ph.D. (overseas). 
Technical Secretary-R. B. Withers, M.Sc., Dip.Ed. 
Scientific Librarian-Miss B. E. Johnston, B.Sc. 
Experimental Officer-Miss E. M. Christie, B.Sc. 

Physics and Transport Sectio11-
Senior Principal Researcb Officer-E. W. Hicks, B.A., 

B.Sc. 
Senior Research Officer-M. C. Taylor, M.Sc. 
Research Officer-H. L. Evans, M.Sc. (overseas). 
Experimental Officcr-N. D. Cowell, B.Sc.(Hons.). 
Experimental Officer-J. D. Mellor. 

Microbiology Section-
Senior Principal Research Officer-W. J. Scott, B.Agr. 

Sc., D .Sc. (overseas) . 
Senior Research Officcr- W. G. Murrell, B.Sc.Agr., 

D.Pbil. 
Research Officer-J. H. B. Christian, B.Sc.Agr. 

(Hons.), Ph.D. 
Research Officer-R. H. Leach, M.Sc., D.Phil. 
Experimental Officer- D. F. Ohye, D .J.C. 
Experimental Officer-Miss B. J . Marshall, A.s:r.c. 
Experimental Officer-Miss K. M. Smith, B.Sc. 

Biochemistry Investigations-
Principal Research Officcr-F. E. Huelin, B.Sc. 

(Hons.), P h.D. 
Research Officer-J. B. Davenport, M.Sc. 
Experimental Officer-B. H. Kennett, A.S.T.C. 

Organic Chemist1y l nvestlgatio11s-
PrincipaI Research Officer-Miss T. M. Reynolds, 

M.Sc., D .P hil. 
Senior Research Officer-E. F. L. J . Anet, M.Sc., 

Ph.D. 
Research Officer-D. L. Ingles, M.Sc., Ph.D. 

Fruit and Vegetable Storage Sectio11-
Priocipal Research Officer-E. G. H all, B.Sc.Agr. 

(Hoos.). 
Research Offic.er-Miss J. M. Bain, M.Sc. 
Research Officer-K. J. Scott, B:Sc.Agr., Dip.Ed. 

(at New South Wales Department of Agriculture) . 
Canning and Fruit Products Section-

Senlor Principal R esearch Officer-L. J. Lynch, 
B.Agr.Sc. (Hons.) (overseas). 

Principal Research Officer-J. F. Kelford, M.Sc . 
Senior Research Officer-R. S. Mitchell, M.Sc.Agr. 
Senior Research Officer-B. V. Chandler, B.Sc. 

(Hons.) (overseas). 
Research Officer-E. G. Davis, B.Sc.(Hons.) (over-

seas). 
Research Officer- P. W. Board, B.Sc.(Hons.). 
Research Officer- D. J . Casimir, M.Sc., Dip.Ed. 
Experimental Officer-K. A. Harper, B.Sc., A.S.T.C. 
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Dried Foods Sectio11-

Senio~ Re carch Officcr-D. McG. McBean, B.Sc. 
. E'(pcnmental Officer-A. A. Johnson, A.S.T .C. 

Fish PrcsL"n•mio11 lm·estif!ations-
P rincipal Re earch Officer-W. A. Empey, Jl.V.Sc. 
Expenmc(ltal Officcr-W. A. Montgomery, A.S.T .C. 

Egg lm•esti!latiom- · 
Chicf-J. R. Vickery, M.Sc., Pb.D. 
Experimental Officcr-F. S. Sbenstone, A.S.T .C. 

Freezing of Fruit and Vegetnbles-
Scnior Research Officcr-J. Shipton, B.S~.A_gr. 

Research Officcr-J. H . Scheliema, M.Sc. 
Expcrirncntal Officer-I, H. L11st, A.S.T.~, 

A t A uhurn, /l{ew So11tli Wales--
M eM Dohytlrt1tia11 Jnvestigatlpns-

Scnior Jlpscurch O(Tlcor- A. R.. Pn\t~r. Q,S~:Agr. 

A t Botn11y School. University of Sydney­
N rmr PliysiAlog,v l m1 fstiga1jons-

Chicf Research Officer- R. N. Robertson, B.Sc., 
Ph.D., F.A.A. . 

Senior Research Officer-H. S. McKee, B.A., D.Phit. 
(on leave). 

Senior Rcscorch Officer- J. F. Turner, M.Sc., Ph.D . 
S~nior Research Officer-Mrs. D. H. Turner, M.Sc., 

Ph.D. 
Senior Research Officer-A. B. Hope, B.Sc., Ph.D. 
Research Officer-M. D. Ha tch, B.Se.(Hons,). 
Experimenuit Officcr-N. F. B. Tobin, B.Sc.{lfons.). 
Experimental Officer-J . Smydzuk, Jog. of Ch. 
Experimental Officer-Miss J . B. King, B.$~. 

Ar Botany Sc/tool, University of Melbourne­
Plan( Physiology l11vestign1io11s-

Senior Resenrch Officcr- K. S. Rowan, MSc., Ph.D. 

At Biochemistry School, University of Sydney­
Pl1ysicnl Chemistry Section-

Senior Research Officer-H. A. McK~nzie, M.Sc., 
Ph.D. 

Research Officer-J. J. Mncfarlnnc, M.~~· (overseas). 
Exflcrimcrital Officpr- M. B. Smith, A.S.A.S.M., 

n.sc. 
E~perirnental Officer-?vfiss J. F. Back, ~.Sc., Dip.Ed. 
Experiment;il Officer-Miss K. 0 . Kelly, B.Sc::. 

At Tn~ma11ia11 R egional Laboratory, Hobarl-
Proccssing of Fruit and Vegetahles-

ExperimentaJ Officer-S. M. Sykes, B.Sc.Agr. 
Experimental Officer-R. A. Gallop, A.S.T .C. (on 

leave). 

Ar Cannon Hill, Q11eeruland-
Mea1 lnv&tigations--

Officer-in-chnrge-A. Howard, M.Sc. 
Senior Research Officer-G. Kacss, Dr.Ing. 
Research Officer-C. A. McCbesney, B.~c., PhD. 
Experimental Officer-N. T. Russell, U.LC. 
Experimental Officer- M. F. Meaney, B.Sc.(Hons.) . 
Experimentql Officer-P. E. Bouton, B.Sc. 
Experimentol Officer-I. F. Weidemann, B.Sc. 
Experimental Offjccr-D. R. Davy, B.Sc. 
Experimental Officer-C. A. Lee, B.Sc. 

17. D1v1s10N OP Fo~EST Psoo.ucrs. 
(Head-quarters: 69 Yarrn Bnnk-roacl , South Melbourne, 

Victoria.) 
A dmfnistration-

Cbief-S. A. Clarke, B.B. 
Assistant Chicf-C. S. Elliot. B.Sc. 
Assistant Cbicf- H. E. DadsweJJ, D.Sc. 
Technica l Sccretnry-P. A. Priest, A.S.A.S.M. 
Information Officer-A. P. Wymond, M.Sc. 
Scienti fic Librarian-Miss M. I. Hulme. 
Librarian-Miss A. Forbes. 
Sceior E."<perimental Officer- L. Santer. M.Mecb.E., 

Dip.Ing. 
D rafting Officer-R . R. Henderson. 

Wood and Fibre Structure Sect/011-
Asslstanl Cbie(-H. E. DadsweU, D.Sc . 
Senior Principal Research 00\oer-A. B. Wardrop, 

D.Sc., Ph.D. ·-
Senior Research Officer-Miss M . M. Chatt.away, 

M.A., 8 .Sc,, D.Pbil. 
Senior Research Officer-W. E. ~~. M.Sc., 

A.G. rnst.Tech. 
Senior Research Officer- H. D. Ingle, B.For.Sc. 
Resea~ch Officel'-J. Cronshaw, B.Sc., P-h.D. 
Expenmental Officer-J. W P. J'iicholls B.Sc. 
Expcrimcntol Officer-Mi;s · A. q;rlc, B.Sc., 

A,G,l nst.Tech. 
Expcrimen 1~ t Officer...,....Q. W. Davjc;§, B.S~, 

Wood Cliemistry Scctio11-
~enfor Principal Research Offlcer,-,,W. E. Cohen, 

D.Sc. ( ovcrseos) . 
Principal Research Officer-n . B. Bland, M.Sc. 
Principal Research Officer-R . G . Higgins, B.Sc. 

(Hons.). 
Senior Research Officer-R. C. McK. Stew.art, B.Sc. 

(over~eas). 

Senior Research Officer- A. J. Watson, A.R.M.T .C. 
Experimental Officer-A. W. McKenzie, A.R.M.T .C. 
Experimental Officer- I . ~ d~ Yong, ~.Sc. 
'{Sx_pcrifllental Offi~r - Mis~ V, Goldsmith. 

A.R.M.T.C. 
Experimental Officer- Mrs. M. Szilagyi, Dip.Ind. 

Chem. 
Experimental Officer-l\.1rs. G. E. Urbaeh, M.Sc. 

Timber Physics Stclion-
Principal Research Officer- R. S. T. Kingstqp, B.Sc., 

B.H. 
Senior Research Officer-0. N. Christensen, M .Sc., 

Ph.D. 
Senior Rescprch Officer- L. N. Clqrk~. 1'&.Mech:B., 
B.Eng.~c. 

Resea rch Officer- Miss K. E. Kelsey, M.Sc. (on 
leave) . 

~Jtp,~r:!nwnta l QfTicer- l,.. p . .Arn:}stn;>ng, !\.R.M.T.C. 
Bxpenmcn(ol Officer- D: ~. Cal!qwt ~!~· 
Experimental Officer-N. C. Edwards, AS.M.B. 
Experimental Officer-P. U. A. Grossman, M.Sc., 

Ph.A.Mr. (on leave). 
Experimental Officer-J. RozuJapa, Dip.Phys. 

Timber M~cba11(cs Sec(ion-
Principal Research Offiq!r- J . Q. ~oyd MC.E. 
Principal Research Officel'-N. It. KI~t, ·~[Sc. 
Principal Research Officer-R. G . P earson, B.A., 

JJ.C.E. 
4 

Experimental Officcr-R. N. Boumoo. 
Expcriment:il Officer- I . J. Mack, A.R.M.T .C. 
Experimental Officer-Miss A. Ryan, AR.M:T .C. 
Experimental Officer-K. B. Schuster, t\,!bM.T.C. 

Timbe/! Preservation Sect/011-
Scnior Principal Research Officer=-:N. T11mblyo, 

M.Sc.(Agric.). -
Senior Research Officor-E. W. B. DaCosta, 

M.Agr.Sc. 
Senior Research Officer-E. L. RUwood, B.Sc.For .. 

M.Sc., Ph.D. (on leave). 
Senior Rcsenrch Offlcer- R. Jobanspn, M.S_c, 
Rescnrch Officcr- F. Rudman, B.Sc., Fh.Q., Dip. 

Mlorobiol. 
Senior Experimental Officer-P. A. D~e. Dip. 

Mech.E. 
Experimental Officer~J. Beesley, Dip.For., M.Sc. 

(For.). 
Experimentnl 
Experimental 

leave) . 
Experimental 
Experimental 

Dip.B.B. 

Officcr- N. E. M . Walters, R.Sc. 
Officer-Miss F. J . Lloyd, 1}.Sc. (on . ' 

Officer- D. P. McCarthy, A.R.M.T.C. 
Officer-J. F. Barnacle, Dip .Mech.£ ., 

• 
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Timber Seasoning Sectiofl--
Se11iot Ptincipal llesearch Offider=-G. w. Wright, 

M.B. 
Research Offi.cer-W. G. Kauman, B.Sc.; A.ltM.T.C. 
_ (on leave). 
EX.petim~tihtl Offia~r-1.; f , l3rcfil'l1tn. 
Experimental Officer-G. S. Campbell. 
Expetimental Officer--F, j , Christensetl, A.R.M.T.C. 
ExpetlmentM Office.r~R H. Capes1 R~. 
Experimental Officer-W. R. Finigban1 A.R.M.T.C. 
Experimental Offieep--K, w. FtlaRl.!, ASS<}e,Aeto.Eng. 
Exp~rilfiental O.!Ucer-R.. M. :bivert;idge, A.R.M.T.C. 

Plywood investigations Section-
Ptincipal Research Officer-J. W. Qottstein, B.Sc. 
Ex,perimental Oilieer--K. Hirst, Dip.Mech.Eng. 
Experimental Qfficer........P. J. Moglia, b ie.Mecb.E. 
Experimental Officer-A. Stasbevski, Dip.For.Eng., 

E.T.H. 

Timber Utilization Selitioli-
Senior Principal Research Officer- R. F. Turnbull, 

B.E. 
Senior R.esearch bf!icer-K F. P1om1ey, B.Sc. 

(Agric.). 
Research Offi.cer-W. M. McKenzie, M.Sc, (For.). 
Experi.J?le_ntal Officer-it 1. Cowling, bip.Mech.E., 

Dip.E.B. 
Experimental Officef-D. S. Jones. B.C.E. 
Experimental O.lfitet-~,:M, W, .Page. 
t?.xperimen~al Offio!r- R. K. Profitt, Dip.App.Sc. 

18. DIVISION OF INDUSTRIAL CHEMISTRY. 

(Head-quarters; Lorimer-street, Fishermen's Bend, 
Victoria.) 

11.dministrittlon-
Chief-I. W. W11rk, D.Sc., Ph.D.; F.A.A. 
Divisional Secretary- W. E. Ewets, M.So. 
Assistant Secretary-R. J. Davidson, B.Sc. 

Minerals Utilization Secllon-
Chief Research Officer-R. G. Thomas, B.Sc. 
Senior Principal Research ()fticer-A. Walkley, M.A., 

D .Sc., Ph.D. 
Principal Research Officei:-R. C. Croft, M.Sc. 
Principal Research ()fficet-F. K. Mc'raggatt, M.Sc. 
Principal Research Officer-I. E. Newi:ihain, M.Sc. 
Principal Research Qfficer-T. it Scott, D .Sc., B.Ed. 
PrinGi}?al Research Officer-A. 0. Wadsley, b.Sc. 
Principal Research Officer-A. W. Wyli~. D.Sc., 

Ph.ti. 
Senior Reseafch bfficer-E. S. Pilkingtbh, A.S.T.C. 
Senior Research Officer- I. H. Warren, B.Sc.(Hons.) ' 

Oipl.Chem.1'echn. (on leave). ' 
Research Offi.cer-K. J. Cathro, B.E., Pl:i.O. 
Research Officet-H. J. Gardner. B.Sc., Ph.D. 
Research Ofticer-D. F. A Koch, B.Sc.(Hons.), 

Pb,D. 
Research Officer-D. E. Scaife; B.Sc,(Hons.) (on 

leave). 
Research Offieer-A. G. Tutnbull1 B.Chetn.Eng. 

(Hobs.), M.Eng.Se. ( Gn leave) , 
Experimental Offioer=H. R . Skewes, A.A.CJ, 
Experimental Qffico:er~Mis~ I. J, BMt, A.R.M.T.C. 
Experimental Offi.oer=B. M. Beattie, B.Sa. 
Experimental Officer~Miss B. E. Rutherford, B.Sc. 
Experimental Officer--=B. C. Molbny, A.R.M.T,C. 
Experimental Officer-L. J . Rogers, A.R.M.T.C. 
Experimental Officer-P. R. Smith, A.R.M.T.C. 

Cement and Ceramics Section-
Senior Principal Research Officer- A. J. Oaslcln, 

M.Sc. 
Principal :Research Offi.cer= ·ll. E. Vivi!ifi, B.Sc.Agr. 
l'fibdp11l Research Officer-0. F. Walker , B.Sc., 

Ph.D. 

Ptincipal Research Offieer-"-'W. O. Williamson, 
D.Sc., Ph.D, 

Seniot Reseafcli Offioer~K. M Al d M S . exan· er1 • c., 
Ph.D. 

Se1iiiosr RAes~'lfch Officer-S. M. :Brlsbane, B.A., 
o. c:., .1\..M:r.c. 

Senior Research O~cer-H. Bllerton, F.lhsl.Ceram. 
(a~ Bofij't~oh Re!learch taboratoty, School ot 
M Liles, Adelaide) . 

Seni.1t. Research Otlicer-L. S. Wllliarns, D.Phil., 

Research <;:>~cer-G. M. Bruere, M.Sc. 
Research Officer-I . Graham, M.Sc., Pl:i.D. 
Re~-~~;e~ . Ofiieer-J. H. Taplin, B.Sc. (Hons.). 
Exper~meiital Officer-K. Orallt, B.Sc. (Hons.). 
ExperimentaJ Officer-J. H . Weymouth B.Sc. 
Exper~~ental Oflker-C. E: S. Davis1 B.Sc. (Hons.). 
Exper!mental Officer-fl. C. Gillespie, B.Sc. 
Exp~r~mental Qfficer-R._ R. Hugban. 
E~p:r~~:~tal Officer-J. '?Vatdlaw, B.St.(Hons.). 
Expef1menta1 Officer-l D. Wolfe. 
Exper!~ental Officer-A., Adanii, B.Chem.Eng. 
E~pei'~menta~ Officet-M1ss V. Anderlifi.i, B.Sc. 
l!xper~metital Officer- I>. 1. Darragh, B.Sc. (Hons.). 
Exper!mental O~cer-W. G. Garrett, A.R.M.T.C. 
Experunefital Officer-Mlss B. c. Terrell, B.Sc. 

Foundry Sqnds Section-
Seniot Research Officer~H. A. Stephens, B.Sc. 
Expetlnlental Officer-A. N. Waterworth, A.H.T.C. 
Experilhehtal Officer~P. w. Goad, F.R.M.T.C. 

Chemical />Jiysic,f Sedion-
Assista~t Chief 0£ Division-A. L. G. Rees, D .Sc., 

Ph.D., F.A.A. 
Senior Pr~ncipal :Research Officer-A. Walsh, M.Sc. 

Tech., F.A.A. 
Senior :Principal Research Officer-J. M. Cowley, 

D.Sc., Ph.D. 
Prlnclpal :Research Officer- 1. L. Farrant, M.Sc. 
Principal Research Officer=<-1.A. McL. Mathieson 

0.Sc., Ph.D. ' 
Pr~n~!pal ~esearch Officer-J. J . McNeill1 M.Sc. 
Pnnc1pal Researeh Officer-D. A. Davies, B.Sc. 

(Hons.). 
Prifiei~al Research Officei:-'---J. D M"" · - B s p • vITJSOn1 . c., 

Ph.D. 
Principal Research Officet-J. B. Willis, M.Sc., 

Ph.D. 
PriMipal Research Officer-A. F. Moodie, B.Sc. 

(Horts.). 
Pti!t:_ipal Rese<U-ch Officet~A. C. Hutley, M.A., 

B.$c., Ph.D. 
Senior Research Officer~A. J. C. Nicholson M.Sc. 

Ph.D. ' ' 
Senior Research Officer= J. Fridricbsons, M.Sc. 
Senior Research Officer~O. R. H ercus M.Sc. 

D .Pbil. ' ' 
Set\IClr Re!iearch Officer=-B. Dawson, M.Sc., Ph.D. 
Senior Research Officer-C. K. Coogan· M Sc 

l>h.lJ. . ' . " 
Senior R~eai'ch Officer---F. H. Dorman, M.A., 

M.Sc., Ph.D. 
Senior Research Officet-A. F. Beecham, B.Sc. 

(HOl:lf;,). 
Reseatilh OIDeer.....C. Billington, B.A. 
Research Oiliter~. b. tope, M.Sc., Pll.D. 
Researeh Offieer---.t D. McLean, B.Sc. (Hons.) , 

Ph.D , 
Research Officer-"--N. S. Hatn, M.Su.~ Ph.D. 
Research_ Officer-J. V. Sullivan, M.Sc. (at Univer­
- sity of Western Australia, Perth). 
_Research <?fficer-P. Goodman, M.Sc. 
Research Offit!er~W. C. T . Dowell, M.Sc. 
Research Officet- B. G. McRae, M.Sc., Ph.D. 
Experimental Officer-S. E. Powell. 
bkpetlmefital Officer~G. F. H. Box. 
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Hxper!rnental Officer-E. Chakanovskis, Dipl.Eng. 
Exper~ental Officer- D. L. Swingler, B.Sc. 
Experimental Officer-Miss M. Calame, B.Sc. 

Physical Chemistry Section-
Assistant Chief of Division- K. L. Sutherland, D.Sc .. 

Ph.D. 
Senior Principal Research Officer-S. D. Hamann, 

M.Sc., Ph.D. (at Department of Chemical 
Engineering, University of Sydney). 

Principal Research Officer-) . A. Barker, B.A. 
(Hons.), D.Sc. 

Principal Research 0.fficer-1. Brown, B.Sc.(Hons.) . 
Pri.ncipal Research Officer-Y. A. Garten, D.Sc. 
Principal Research Officer-W. W. Mansfield, B.Sc. 

(Hons.). 
Principal Research Officer-D. E. Weiss, B.Sc. 
Principal Research Officer-M. E. Winfield, D.Sc .. 

Ph.D. 
Senior Research Officer-H. G. David, B.Sc. 

(Hons.) (at Department ot Chemical Engineering, 
University of Sydoey). 

Senior Research Officer-A. Ewald, B.Sc., Ph.D. (at 
Department of Chemical Engineering, University 
of Sydney). 

Senior Research Officer-W. N. K. King, B.Sc. 
Senior Research Officer-E. A. Swinton, B.Sc. 

(Hons.) . 
Senior Research Officer- R. G. Vines, M.Sc., B.Sc. 
Research Officer-R. B. Head, M.Sc., Ph.D . 
Research Officer-A. R. King, B.Sc., Ph.D. 
Research Officer- F. H. C. Stewart, Ph.D. 
Experimental Officer-L. F. Evans, D.S.M.B. 
Experimental Officer-K. Eppinger, B.Sc. 
Experimental Officer- W. Fock, B.Sc. 
Experimental Officer-M. Linton, B.Sc. 
Experimental Officer- R. McNeill, A.S.T.C. 
Experimental Officer-F. Smith, B.Sc. 
Experimental Officer-Mrs. J. H. Wardlaw, B.Sc. 

Organic Chemistry Section-
Senior Principal Research Officer-H. H. H att, 

D.Sc., Ph.D . 
Senior Principal Research Officer-J. R. Price, 

D.Sc., D.Phil. 
Principal Research Officer- K. E. Murray, B.Sc. 

(Hons.). 
Principal Research Officer-K. W. Zimmerman, 

D.fog. 
Senior Research Officer-C. S. Barnes, M.Sc., Ph.D. 
Senior Research Omcer-R. B. Bradbury, B.Sc., 

Ph.D. (at University of Adelaide, South Australia). 
Senior Research Officer-W. D. Crow, M.Sc., Ph.D. 
Senior Research Officer-C. C. J. Culvenor, Ph.D., 

D.Phil. 
Senior Research Officer-L. K. Dalton, A.S.T.C. 
Senior Research Officer-I . S. Fitzgerald, M.Sc., 

Ph.D. 
Senior Research Officer- J. A. Lamberton, B.Sc., 

Ph.D. 
Research Officer-I. R. Cao.non, M.Sc., Ph.D. 
Research Officer-D. T. Downing, B.Sc.(Hons.) , 

Ph.D. 
Research Officer- E. Gellert, Ph.D. 
Research Officer-C. Kowala, B.Sc. (Hons.) . 
Research Officer-B. P. Moore, B.Sc., Ph.D., D.Phil. 
Research Officer-P. C. Wailes, M.Sc., Ph.D. 
Experimental Officer-P. M. Hunter, A.R.M.T.C .. 
Experimental Officer-Z. Kranz, Ind.Chem. 
Experimental Officer-A. H. Redcliffe, Dip.Anal. 

Chem. 
Experimental Officer-L. W. Smith, B.Sc. 
Experimental Officer-A. C. K. Triffett, A.R.M.T.C. 
Experimental Officer-Miss N . H. Corbett, B.Sc. 
Experimental Officer-Mrs. F. 0. Doy, B.Sc. 

(Hons.). 
Experimental Officer- Mrs. I. Salivin, A.R.M.T.C. 

Chemical Engineering Sectio11-
Cbief Research Officer-H. R. C. Pratt, D .Sc., Ph.D. 
Principal Research Officer- J. D. Blackwood, M.Sc., 

Ph.D. 
Principal Research Officer-R. W. Urie, B.Sc., S.M. 
Senior Research Officer-T. J. Birch, Chem.Eng., 

B.Sc. 
Senior Research Officer-0. G. Ingles, B.A., M.Sc. 
Senior Research Officer-A. B. Whitehead, B.Sc. 

(Hons.). 
Research Officer-K . R. Hall, M.Sc. 
Experimental Officer-B. W. Wilson, M.Sc. 
Experimental Officer-P. Casamento, D.Chem. 
Experimental Officer-A. J. Stedman, M.A. 
Experimental Officer-A. J. l ogeme, A.R.M.T.C. 
Experimental Officer-C. J. Restarick, A.S.M.B. 
Experimental Officer-R. L. Simpson, B.Chem.Eog. 

Engineering Services-
Experimental Officer-). B. Ross, B.Sc., A.R.M.T.C. 
Senior Drafting Officer-C. Simpson. 

Library-
Scientitic Librarian-Miss B. M. Brown, B.Sc. 

19. 1NDUSTR1AL RESEARCH LIAISON SECTION. 

(Head-quarters: 314 Albert-street, East Melbourne, 
Victoria.) 

Officer-in-charge-L. Lewis, B.Met.E. 
Senior Research Officer-I. P. Shelton, M.Sc., A.B.S.M. 
Senior Research Officer-I . F . H. Wright, B.Sc. 
Experimental Officer-J. D. Dover, A.S.T.C. 

20. I RRIGATION R ESEARCH STATIONS. 

(Head-quarters: Merbein, Victoria.) 
Senior Officer-in-charge-F. Penman, M.Sc. 
A t Com111onwealth Research Station, M erbein (Murray 

Irrigation A reas)­
Officer-in-charge-F. Penman, M.Sc. 
Technical Secretary-D. V. Walters, M.Agr.Sc. 
Principal Research Officer- J. G. Baldwin, B.Agr.Sc., 

B.Sc. 
Research Officer- W. J. Webster, B.Sc. 
Research Officer-A. J. Antcliff, B.Sc.(Hons.). 
Research Officer- M. R. Sauer, B.Agr.Sc. 
Research Officer-S. F. Bridley, B.Agr.Sc. 
Research Officer-R. C. Woodham, B.Agr.Sc. 
Research Officer-D. McE. Alexander, B.Sc. 
Research Officer-A. F. Bird, M.Sc., Ph.D. 
Research Officer-J. V. Seekamp, B.Agr.Sc. (part-

time) . 
Experimental Officer-S. A. Giddings, B.Sc. (on 

leave). 
Experimental Officer-P. May, Ing.Agr. 
Experimental Officer-D. G. M. Blair, B.Agr.Sc. 

At Irrigation Research Station, Griffith (Murrumbidgee 
Irrigation Areas)­

Officer-in-cbarge-E. R. Hoare, B.Sc. 
Senior Research Officcr-C. T. Gates, M.Sc.Agr. 
Research Officer- R. F. Black, B.Sc.(Hons.), Ph.D. 
Research Officer-T. Talsma, Ir.Agr. 
Research Officer-D. Bouma, Ir.Agr. 
Research Officer-H. Groeoewegen, l r.Agr. 
Librarian- Miss M. Russell (on leave) . 
Librarian-Miss T. Schmitz, Ph.D. 

21. DIVISION OF L AND RESEARCH AND R EGIONAL SURVEY. 

(Head-quarters: Canberra, Australian Capital Territory.) 
ff ead-quarters-

Chief-C. S. Christian, B.Agr.Sc., M.S. 
Technical Secretary-Miss M. Mills, B.Sc.(Hons.) . 
Research Officer- J. J. Basinski, B.Sc., M.A. 

• 
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Regional Surveys-
Principal Research Officer-G. A. Stewart, M.Agr.Sc. 

Australian Mainlt11ul Survey, Canberra­
Senior Research Officer- R . A. Perry, M.Sc. 
Senior Research Officer.-N. H. Speck, M.Sc., B.A. 
Research Officer-W. H. Litchfield, B.Sc.Agr. 

(seconded from Division of Soils). 
Experimental Otftcer-M. Laza rides, Q.D .A. 

Papua-New Guinea Survey, Ca11berra-
Senior Research Officer- H. A. H aantjens, lng.Agr. 
Senior Research Officer- R. D. Hoogland, D.Sc. 
Research Officer-R. G. Robbins, M.Sc., P h.D. 
Research Officer-E. J. Reiner, Dr.rer.nat. 
Experimcnta1 Officer-C. J. SaundeJ's, B.Sc. A gr. 

.4gric11lwra/ Research-
Principal Research Officer-E. Phillis, Ph.D., D.Sc. 

At Katherine Research Station, Northern Territory­
Senior Research Offi.cer-W. Arndt, B.Agr.Sc. 
Research Officcr- M. J. T. Norman, B.Sc.(Hons.), 

Ph.D. 
Research Officer-R. Wctselaar, Ing.Agr. 
Experimental Officer- W. R. Stern, M.Sc.Agr. (on 

leave) . 

At Kimberley Research Station, Westem Australia­
Experimental Officer-A. L. Chapman, B.Agr.Sc. 
Experimental Officer-E. C. B. Langfield. 
Experimental Officer-N. J. P. Thomson, B.Agr.Sc. 

Climatology, Alice Spri11gs-
Senior Research Officer- R. 0. Slatyer, M.Sc. 

(Agric.). 
Research Officer-J. L. Frith, B.Sc.(Agr.)(Hons.). 
Research Officer-J. C. Turner, B.Sc.Agr. (Hons.). 

Geomorphology, Canberra-
Senior Research Officer-J . A. Mabbutt, M.A. 

(Hons.). 
Research Officer- R. L. Wright, M.Sc. 

Hydrology, Canberra--
Research Officer-T. G. Chapman, B.Sc. (Hons.), 

Ph.D. 

A rid Zone Research-
Senior Research Officer-R. A. Perry, M.Sc. 

At Alice Springs-
Experimental Officer-R. E. Winkwortb, B.Sc. 

(Hons.). 

22. MATHEMATICAL INSTRUMENTS SECTION. 

( Head-quarters: Department of Electrical Engineering, 
University of Sydney.) 

Officer-in-charge-Professor D. M. Myers, B.Sc., D .Sc. 
Eng. 

Research Officer-M. W. Allen, B.E. (Hoos.). 

23. DLVlSJON or MATHEMATICAL STATISTICS. 

(Head-quarters: University of Adelaide.) 

At fl ead-quarters, Adelaide-
Chief-E. A. Cornish, B.Agr.Sc., D.Sc., F .A.A. 
Principal Research Officer-A. T. James, M.Sc., 

Ph.D. 
Research Officor-G. N. Wilkinson, M.Sc. 
Research Officer- A. G. Constantine, B.Sc. (Hoos.). 
Experimental Officer- Miss M. J. Evans, B.A. 
Experimental Officer-K. M. Cellier, B.Sc. 
Experimental Officer-L. G. Veitch, 13.Sc. 

Al Division of Animal Health and Production, Prospect, 
New South Wale$'-
Research Officer- H. Weiler, Lie.es.Sc., M.Sc. 

At Division of A 11i111al Health and Production, Sydney­
Experimental Officer-A. D. Phillips, M.B., B.S. 

At Division of Building Research, Highett, Victoria­
Sen.ior Research Officer-R. Birtwistle, B.Sc. 
Experimental Officer-C. E. Billigheimer, B.A. 

(Hons.), B.Sc. 

At Division of Food Preservation and Transport, Home­
bush, New South Wales-

Scnior Research Officcr-G. G. Coot~. B.A., B.Sc. 
Experimental Officer-E. A. Roberts, B.Sc.Agr. 

At Division of Forest Products, Melbourne-
Rescarch Officer-W. R. Flower, B.Sc., B.A.(Hons.). 
Experimental Officer-l\1iss N. Ditchbourne. 

At Division of Pla11t Industry, Brisbane-
Resenrch Officer-K. P. Haydock, B.Sc. (Hons.) . 

At Division of Plant Industry, Canberra-
Senior Principal Research Officer- G . A. Mcintyre, 

B.Sc.(Hons.), Dip.Ed. 
Resea rch Officer-M. L. Dudzinski, B.Sc., B.Bc. 

(Hons.). 

At Regional Pastoral Laboratory, Armidale, New South 
Wales-

Rescarch Officer-P. F. May, B.Sc.Agr.(Hons.). 

At University of Melbourne, School of Agriculture­
Research Officer-A. M. W. Verhagen, Caod.Nat. 

Phil., ~.A.(Hons.). 

At University of Melboume-
Research Officer-G. W. Hill, M.Sc. 

At Western Australian Regional Laboratory, Perth­
Senior Research Officcr-N. S. Stenhousc, B.Sc. 
Experimental Officer-C. A. P. Boundy, B.E. 

At Wool Textile Research Laboratories, Melbourne­
Rcsearcb Officer-W. B. Hall, B.A. 

24. DJVl'i!ON OF MBTEOROLOOlCAL PHYSICS. 

(Head-quarters: Station-street, Aspeodale, Victoria.) 
Cbief-C. H. B. Priestley, M.A., Sc.D., F .A.A. 
Senior Principal Research Officer-W. C. Swinbank, 

M.Sc. 
Senior Principal Research Officer-E. L. Deacon, B.Sc. 
Principal Research Officer- A. F. A. Berson, Dr.Phil. 
Senior Research Officer- R. J. Taylor, B.Sc. 
Senior Research Officer- I. C. Mcllroy, B.Sc. 
Senior Research Officer- E. K.. Webb, B.A.(H ons.), B.Sc. 
Senior Research Officer-R. l:L Clarke, B.A., lJ.Sc. 
Research Officer- A. J. D yer, M.Sc., Ph.D. 
Research Officer-F. K. Ball, B.Sc.(Hons.). 
Research Officer-C. F. Barrett, M.Sc. 
Research Officer-P. J . Funk, Dr.Phil. 
Experimental Officer-D. E. Angus, B.Sc. 
Experimental Officer-R. R. McGregor, Dip.App.Sc. 
Experimental Officer-A. J . Troup, B.Sc. 
Experimental Officer-C. J. Sumner, A.M.S.E. 
Experimental Officcr- F. J. Maher, A.R.M.T.C. 
Experimental Officer- B. G. Collins, B.Sc. 
Experimental Officer-N. E. Bacon, B.Sc. 
Experimental Officer- Miss S. A. Yeo, B.Sc. 
Librarian- I. S. Groodin. 

25. DlVlSION OF METROLOGY. 

(Head-quarters: National Standards Laboratory at 
University of Sydney.) 

Atlministra1io11-
Cbief-N. A. Esserman, B.Sc. 
Technical Secretary-J. Hanna. 
Experimental Officer-I. A. Rey, A.M.I.E., l.E.E. 

(Elec.). 
Drafting Officer-J. R. B. Weir. 
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Leng1/1 Se~/llYll-

Principal Research Officer-M. J. Puttock, B.Sc. 
(Eng.). 

Senior Research Officer-N. J. C. Peres; M.Sc. 
Research Officer-Miss M. G. I. Peatce, M.&:. 
Research Officer- E. G. Thwaite, B.Sc. 
Research Officer-P. J. Sim, B.E., B.Sc. 
~xperlmehtal Officer- R. H . Furniss, A.S.'I'.C. 
Experimental Officer- B. H. P . Cresswell, A.S.T.C. 
'Experimental Officet- Miss M. C. Dive, B.Sc. 
Experimental Officer-J. W. Bell. 
Experimental Officer- Miss P. M. Yclland. 

Mass Seclion-
Principal Research Officer-G. A. Bell, B.Sc. 
Research Offi.cer~J. F. Maycl', B.E., :a.Sc. 
Experhneuml Otnt:et-J. W. Humph.ties, B.Sc. 
Experimental Officer- E. Grunwald, Dip.Ing. 

lnti!l'/erometry Sectioll-
Principal Research Officer-C. F. Bruce, M.Sc. 
Senior Research Officer-H. J. Ritter, Dr.rer.nat. 

math. 
Research Officer-P. E. Ciddor, M.Sc. 
Experimental Officer-R. S. F isher, A.R.M.T.C. 
Bxpllrimcntal Officer-S. T. Willatt, B.Sc, 

Electronics Sectlon-
Senior Researc!h Officer-H. A. M. Ross, A.S.T.C. 
Experimental Officer-J. L. Goldberg, B.E., B.Sc. 

Applied Mechanics Sectiott-
Senior Principal Research Officer-C. A. Gladman, 

B.Sc. (Eng.). 
Principal Rese!irch Officer-J. A. Macinante, B.E., 

A.$.T.C. 
Senior Research Officer-G, Lorenz, DipJ.lng.Eth. 
Research Officer- R. F. Scrutton, M.Sc. 
Experimental Ol'ficer-R. Springer, Dr.Mach.Const. 
Experimental Officer- R. J. Ellis, B.E. 
ExI)etimental Officer- I . Waldersee, B.Sc. 
Experimental Oflker-D, H. Fox. 
Experimental Officer- A. A. V. Gibson, A.S.T.C. 
Experimental Officer- L. Cridland, B.E., A.S.T.C. 
l::xperimental Ofllcer-1<.. Edensor, A.S.T.C. 

26, MlNERAORAPHIC I NVESTIGATIONS. 

(Head-quarters: University of Melbourne.) 

Officer-in-charge-A. B. Edwards, D.Sc., Ph.D., D.1.C. 
Principal Research Officcr-G. Baker, D.Sc. _ 
Senior Research Officer-J. McAndrew, M.Sc., Ph.D. 
Research Officer-I. M. Threadgold, B.Sc. 
Research Officer-K. L. Williams, B.Sc. 
Experimental Officer- A. W. Hounslow, F.R.M.'t.C. 

27. NATIONAL STANDARDS LABOilATORY. 

(The services shown hereunder arc common to ~be 

Divisions of Metrology, Electrotechnology, and Physics, 
housed io the Laboratory at the University of Sydney.) 

Clerical-
Cbief CJerk-F. J. Whitty, A.AS.A., A.C.I.S., J.P. 
Accountant- 1'. C. Clark, A.A.S.A. 

Library-
Scieotific Librarian-Miss M. McKechnie, B.A. 
Scientific Librarian-Miss P. M. Callaghan, B.Sc. 
Scientific Librarian-Miss R. E. Moulden, ll.Sc., 

Dip.Ed. 
Senior Librarian- Miss J. M. Cooke, ll.A. (}ions.) . 

28. ORE-DRESSING lNVESTIOATIONS. 

(Head-quarters: University of Melbourne.) 
Officer-in-charge-Associate Professor H. H . Dunkin, 

B.Met.E. 
Principal Research Officer- K. S. Blaskett, B.E. 
Senior Research Officer--S. B. Hudson, M.Sc. 
Sen.ior Research Officer-I. T. Woodcock, B.Met.E., 

M.Eng.Sc. 
Experimental Officer-F. D. Drews, 
Expcrinientl\1 Officer~W. J . Trnhar, B.Sc. 
Expctintental Officcr-J. S. Henkel, B.Met.E. 
Experitnchtal Officer-K. H. G, Voss. 
Experimental Officer-Miss J. Richardson, B.Sc. 
Expetlli1enH1l Officer- Miss K. G. White, B.Met.E. 

29, PHYSICAL M ETALLURGY SECTION. 

(Head-quarters: University of Melbourne.) 

Officer-in-charge~Professot H . W. Worner, D .Sc. 
Pt incipnl Research Officer-R. C. Gifkins, B.So. 
Research Officer- D . R. Miller, M.Sc., Ph.D. 
Research Officer-J. W. Suiter, M.Sc., Ph.D. (on leave). 
BKperimental Officer-J. A. Corbett, A.M.A.I.M.M. 
Experimental Officer- H. F. Ryan, B.Sc. 

30. D IVISION OF PHYSICS. 

(Head-quarters• National Standards Laboratory at Lhe 
University of Sydney.) 

A dmi11istratio11-
Chief-Dr. G. H . Briggs, D.Sc., Ph.D. 
Laboratory Secretary-A. G. Driver, B.Sc. 
Senior Drafting Officer-R. A. Partridge. 

Heat-
Senior Principal Research Officer-A. F. A. Harper, 
M~. . 

Principa\ '.R.esenrcl'\ Officer-R. G. Wylie, M.Sc., 
Ph.D. 

Principal Research Oificcr-P. G. Klemens, M.Sc., 
D.Phil. 

Sehior Research Offioer~W. R. G. Kemp, B.Sc. 
Senior Research Officer- G. S. Bogle, M,A., D.Phil., 

M.Sc. 
Research Officer-W. A. Caw, B.Sc. 
Research Offieer-J. Mlcldlehurst, M.Sc. 
Research Officer-J. V. McAllan, B.Sc. 
Experimental Officer- Miss I. M. Beavis1 B.Sc., 

Dip.Ed. 
Experimental Officer-T. P. Jones, B.Sc. 
Experimental Officer- N. R. Hickson, B.Sc. 
Experimental Officcr-C. W. G. Thomas, B.Sc. 
Expetimental Officer-L. Kaagjarv, M.Sc. 
E,"(pcrimental Officcr- R. W. Tainsh, A.S.T.C. 

Lig/zt-
Senior Principal Research Officer-R. G. Giovanelli, 

D.Sc. 
Principal Research Officcr~W. H. Steel, B.A., 

Dr.es.Sc. 
Senior Research Officcr- J. V. Ramsay, B.Sc., 

Ph.D., D.J.C. 
Research Officer-W. R. filevin, M.Sc., Dip.Ed. 
Experlm!!lltlll Officct-k. A. B. Wright, B.Sc. 
Experimental Officer-W. J. Btown, A.S.T.C. 
Experimental Officer- Miss M . C. Cui'lfiingham, 

B.Sc. 

Solar Physics-
Research Otiker- 1. T. Jetl'cries, M.A., 'B.Sc. (over-

seas). 
Research Offi.ccr-R. E. loughhead, M.Sc. 
Research Officer-It. J. Bray, M.A., D.:Phil, 
Experimental Officer-Miss M. K. McCabe, M.Sc. 
Experimental Officcr-V. R. Burgess, A.S.T.C. 

Electro11ics-
Research Officer-A. fl. Young, M.Sc. 

• 

• 



,, 

31. DIVISION OF PLANT INDUSTRY. 

(Head-quar ters : Canberra, Australian Capital Territory.) 
A dministration-

Chief-0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S. 
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(overseas). 
Associate Chief- J. Griffiths Davies, B.Sc., Ph.D. 
Assistant Chief-R. M. Moore, M.Sc.Agr. 
Technical Secretary-A. Sbavitsky, B.Agr. Sc. (over­

seas with A.S.L.0., London) . 
Acting Technical Secretary-J. H. E. Mackay, 

B.Sc.Agr. 
Assistant Technical Secretary- L. G. Wilson, M.Sc. 
Division Engineer-G. L. Brown, B.Sc.(Eng.). 

At Canberra, Australian Capital Territory­
Genetics, Cytology, and Structural Botany-

Chief of the Division-0. H. Frankel, D.Sc., D.Agr., 
F.A.A., F.R.S. (overseas). 

Principal Research Officer- C. Barnard, D.Sc. 
Senior Research Fellow- J. B. Griffing, M.S., Ph.D. 
Principal Research Officer- F. H. W. Morley, 

B.V.Sc., Ph.D. (overseas). 
Senior Research Officer- R. D. Brock, M.Agr.Sc., 

Ph.D. 
Senior Research Officer-J. B. Langridge, M.Sc., 

Ph.D. 
Senior Research Officer-D. C. Wark, M.Agr.Sc. 
Research Officer-H. Daday, M.Sc. 
Research Officer- C. I. Davern, M.Sc.Agr. (over­

seas). 
Research Officer-D. L. Hayman, B.Ag.Sc. (Hons.), 

Ph.D. 
Research Officer-D. M. Moore, B.Sc.(Hons.), 

Ph.D. 
Research Officer-I. R. McWilliam, B.Sc.(Hons.) , 

M.F. 
Experimental Officer- Miss A. M. Munday, B.Sc. 

H erbarium-
Scoior Research Officer- Miss N. T. Burbidge, M.Sc. 

Plant Introduction-
Senior Principal Research Officer-W. Hartley, B.A., 

Dip.Ag. 
Senior Research Officer-C. A. Neal-Smith, B.Ag.Sc. 
Experimental Officer-Miss D . E . Johns, B.Sc. 
Experimental Officer- Miss C. R. Warner, B.Sc.Agr. 
Experimental Officer- R. J. Williams, M.Sc. 

Microbiology-
Seoior Research Officer- F. W. Hely, M.Sc.Agr., 

M.S. 
Research Officer- F. J. Bergersen, M.Sc.(Hons.). 
Research Officer-I. A. M. Cruickshank, M.Sc. 

(Hons.) 
Research Officer- A. H. Gibson, B.Sc.Agr.(Hons.) 

(overseas) . 
Research Officer-Miss K. Helms, M.Sc., Ph.D. 
Experimental Officer- I. Brockwell, D.D.A. 
Experimental Officer-Miss B. Ballantyne, B.Sc.Agr. 
Experimental Officer- Mrs. D. R. Perrin, M.Sc. 

Disease Control-
Principa1 Research Officer- H. R. Angell, O.B.E., 

B.Sc.Agr., M.S., Ph.D. 

Tobacco Investigations-
Principal Research Officer-A. V . Hill, M.Agr.Sc. 
Experimental Officer-M. Mandryk, B.Sc.Agr. 

General Chemistry-
Principal Research Officer- C. H. Williams, M.Sc. 
Senior Research Officer- D. J. Cosgrove, B.Sc. 

(Hons.) , Ph.D. 
Secior Research Officer-A. Steinbergs, Dip.Chem. 

Eng. 
Research Officer-D. J. David, M.Sc. 
Experimental Officer-I. R. Twine, Dip.Ind.Chem. 

F.6733/ 58.-10 

Plant Nutrition-
Senior Principal Research Officer-A. J. Anderson, 

D.Sc.(Agric.). 
Senior Research Officer-K. D. McLachlan, 

B.Sc.Agr., B.Com. (overseas). 
Senior Research Officer- D. Spencer, B.Sc.(Hons.), 

Ph.D. 
Research Officer- J. F. Loneragan, B.Sc.(Hons.), 

Ph.D. 
Research Officer- J. V. Possingham, B.Ag.(Hons.), 

Ph.D. 

Plant Biochemistry and Biophysics-
Senior Principal Research Officer- J. E. Falk, M.Sc., 

Ph.D. 
Principal Research Officer-C. G. Greenham, M.Sc. 
Senior Research Officer-N. K. Boardman, M.Sc., 

Ph.D. 
Senior Research Officer-W. Bottomley, B.Sc. 

(Hons.), Ph.D. 
Senior Research Officer-P. L. Goldacre, M.Sc., 

Ph.D. 
Senior Research Officer-J. N. Phillips, M.Sc., Ph.D. 
Senior Research Officer-S. W. Thorne, B.Sc. 

(Hons.). 
Research Officer- C. A. Appleby, B.Sc.(Hons.), 

Ph.D. 
Research Officer- S. M. Bromfield, M.Agr.Sc., Ph.D. 
Research Officer-P. A. Trudinger, B.Sc.(Hons.), 

Ph.D. 
Research Officer- N. A. Walker, B.Sc.(Hons.). 
Research Officer-P. R. Whitfield, B.Sc.(Hons.), 

Ph.D. 
Experimental Officer- P. I. Mortimer, M.Sc. (on 

leave). 
Experimental Officer- R. J. Porra, B.Sc. 
Experimental Officer-Mrs. M. B. Lowe, B.Sc. 

(Hoos.). 

Plant Physiology-
Principal Research Officer-L. A. T. Ballard, M.A., 

M.Agr.Sc., Ph.D. (overseas) . 
Principal Research Officer-R. F. Williams, D.Sc. 
Senior Research Officer-A. H. G, C. Rijven, B.Sc., 

Ph.D. 
Senior Research Officer- L. T. Evans, B.Sc., 

M.Agr.Sc., D. Phil. 
Research Officer- N. P. Kelford, M.Sc., Ph.D. 
Research Officer- W. G. Slater, M.Sc., D.Phil. 
Research Officer- J. A. Zwar, M.Ag.Sc. (overseas). 
Experimental Officer- Miss A. E. Grant Lipp, M.Sc. 
Experimental Officer-P. K. Macnicol, M.Sc. 

Ecology-
Assistant Chief of the Division- R. M. Moore, 

M.Sc.Agr. 
Senior Research Officer- E. F. Biddiscombe, M.Sc. 

(Agric.). 
Senior Research Officer-R. W. Jessup, M.Sc. 
Senior Research Officer-C. W. E. Moore, M.Agr.Sc. 
Senior Research Officer-G. Scurfield, B.Sc., Dip.Ed., 

Ph.D. 
Research Officer- J. A. Carnahan, M.Sc.(Hons.). 
Research Officer-P. W. Michael, B.Agr.Sc.(Hons.). 
Experimental Officer- J. D. Williams, D.D.A. 
Experimental Officer-W. Straatmans, Dip.Ag., 

Dip.Trop.Agr. 

Alpine Ecology-
Senior Research Officer- A. B. Costin, B.Sc.Agr. 

(Hons.). 
Experimental Officer-D. J . Wimbush, B.Sc. (at 

Island Bend). 

Agronomy-
Principal Research Officer-W. M. Willoughby, 

B.Sc.Agr. 
Senior Research Officer-W. D. Andrew, M.Agr.Sc. 
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Research Officer- G. W. Arnold, M.Sc. 
Research Officer- H. L. Davies, B.Sc.(Agr.) (Hons.). 
Research Officer-J. Lipsett. B.Agr.Sc. (Hons.) . 

At Plant and Soils Laboratory, Bisbane, Queensland­
Associate Chief-I. Griffiths Davies, B.Sc., Ph.D. 
Laboratory Secretary-A. G. A. Eyles, B.Sc.(Agric.). 

Agrostology-
Principal Research Officer-T. P. Paltridge, B.Sc. 

(Hons.) (overseas with A.S.L.O., Washington). 
Pasture Ecology-

Principal Research Officcr-W. W. Bryan, M.Agr.Sc. 
Principal Research Officer-N. H. Shaw, B.Agr. 

(Hoos.) (overseas). 
Research Officer- L. A. Ed ye, B.Agr.Sc. (Hons.). 
Research Officer- F. K. van der Kley, lng.Agr. 

Plant Nutrition and Pliysio/ogy-
Senior Research Officer-C. S. Andrew, M.Agr.Sc., 

B.Sc. (Hons.) (overseas). 
Senior Research Officer-R. G. Coleman, B.Sc. 

(Agric.). Ph.D., D.I.C. 
Research Officer-E. P. Henzell, B.Agr.Sc.(Hons.) , 

D.Phil. 
Plant C/remistry-

Researcb Officer-M. P. Hegarty, M.Sc., Ph.D . 
EKperimeotal Officer- Miss P. M. Thorne, B.Sc. 
Experimental Officer-R. D. Court, B.Sc. 

Ecology-
Senior Research Officer-J. E. Coaldrake, M.Sc. 

(overseas). 
Experimental Officer-W. F . Ridley, B.Sc. 

Genetics-
Senior Principal Research Officer-E. M. Hutton, 

B.Agr.Sc., D.Sc. 
Research Officer- J. J . Yates, B.Sc.(Agrie.)(Hoos.). 

Legume Bacteriology-
Principal Research Officer-D. 

D.Sc. (Agric.) 
Plant Jntroductio11-

Research Officer-E. H. Kipps, B.Sc. 

At Cooper Laboratory, Lawes, Queensland­
Research Officer-R. Milford, B.Agr.Sc. 

0. Norris, 

At Regional Pastoral Laboratory, Armidale, New South 
Wales-

Paswre Jn vestigatio11s-
Principal Research Officer- R. Roe, B.Sc.(Agric.). 
Senior Research Officer-E. J. Hilder, B.Sc.(Agric.). 
Senior Research Officer-K. Spencer, B.Sc.Agr. 

(Hons.) , M.S. 
Research Officer-J. E. Begg, B.Sc.Agr.(Hons.). 
Research Officer- N. J. Barrow, M. Agr.Sc. 
Research Officer-J. R. F reney, M.Sc. (overseas). 
Research Officer-J. L. Wheeler, B.Sc., Ph.D. 
Experimental Officer-B. E. Mottershead, B.Sc. 
Experimental Officer-I . A. Thompson, B.Sc.(For.). 

At Regional Pastoral Laboratory, Deni/iquin, New South 
Wa/es-

Offi.cer-in-chargc- L. F. Myers, M.Agr.Sc. 
Pasture /nvestigations-

Research Officer- J. L. Davidson, M.Agr.Sc. 
Research Officer-0. B. Williams, M.Agr.Sc. 
Research Officer-C. R. Kleinig, B.Ag.Sc. (Hons.) . 
Research Officer- R. H. Sedglcy, M.Sc. 
Experimental Officer- R. H. Crockford, A.R.M.T.C. 
Experimental Officer-B. D. Millar, B.Sc.Agr. 

Genetics-
Experimeolal Officer- Miss V. E. Rogers, B.A. 

(Hons.). 
A gricultural P/zysics--

Principal Research Officer-D. A. de Vries, D.Sc. 
Senior Research Officer-I. R. P hilip, B.C.E. (over­

seas). 
Experimental Officer-A. J. Peck, B.Sc.(Hons.). 

At l~egio11al Laboratory, Pertlt­
Pasture Investigations--

Principal Research Officer-R. C. Rossiter, D.Sc. 
(Agric.). 

Senior Research Officer-P. G. Ozanne, B.Sc.(Agric.). 
Research Officer- A. W. Humphries, B.Sc.Agric. 

(Hons.). 
Experimental Officer- T . C. Shaw, B.Sc. 
Experimental Officer- 0. I. Kirton, B.Sc. (Agric.) . 

Plant lntrod11ctio11-
Senior Research Officer-E. T. Bailey, B.Sc.(Hons.). 

At "Glen Lossie" Field Station, Kojonup, Western 
A ustra/ia-

Scnior Research Officer-E. R. Watson, M.Sc. 
(Agric.). 

Experimental Officer- P . Lapins, Dip.Agronom. 

At Tas111a11ia11 Regional Labomtory, Hobart-
Fnrit l11vestigations-

Principal Research Officer- D. Martin, D .Sc. 
Research Officer-T. L. Lewis, M.Sc. 
Experimental Officer-J. Cerny, Dr.Tech.Sc. 

At App/etltorpc, Q11ee11sland­
Fruit illvestigations-

Principal Research Officer-L. A. Thomas, M.Sc. 

At Agric11/t11ral Research Instit11tc, Wagga Wagga­
Rcsearch Officer-R. N. Oram, B.Ag.Sc. (Hons.). 

At University of Melbo11me­
Soil Chemistry-

Senior Research Officer-L. H. P. Jones, B.Agr.Sc., 
Ph.D. (overseas). 

At University of Q11ee11sla11d, Brisbane­
Ecology-

Senior Research Officer- L. J. Webb, M.Sc., Ph.D. 

At Irrigation Research Statio11, Griffith, New South 
Wales-

W eed Ecology-
Senior Research Officer- E. Levi, M.Sc. (overseas) . 

At Tobacco Research illstit111e, Mareeba, Q11eensla11d­
Direclor-D. W. Goodall, Ph.D., D.Sc. (overseas) . 
Research Officer·- W. J. Lovell, B.Agr.Sc. 
Research Officer-J. van der Harst, lng.Agr. 
Research Officcr- P. I. Goodman, B.Sc., Ph.D. 
Research Officer-N. K. Matheson, M.Sc., Ph.D. 

32. 0tV!SlON OF RADIOPHYSICS. 

(Head-quarters: University Grounds, Sydney.) 
Administration-

Cbief-E. G. Bowen, 0.B.E., M.Sc., Ph.D., D.Sc., 
F.A.A: 

Assistant Chicf-J. L. Pawsey, M.Sc., Ph.D., F.A.A., 
F.R.S. 

Technical Secretary-A. J. Higgs, B.Sc.(Hons.). 
Principal Research Officer- L. L. McCready, B.Sc., 

B.E. 
Cloud and Rain P/iysics-

Principal Research Officer- J. Warner, B.Sc., B.E. 
Principal Research Officer-P. Squires, M.A. 
Principal Rese:.i rch Officcr-E. J. Smith, M.B.E., 

B.Sc.(Eng.) (Hons.) . 
Senior Research Officer-G. A. Day. 
Senior Research Officer-E. K. Bigg, M.Sc., Ph.D. 
Senior Research Officer- A. A. Weiss, B.Sc.(Hons.). 

Ph.D. 
Research Officer-E. E. Adderley, B.Sc. 
Research Officcr--S. Twomey, M.Sc., Ph.D. 
Research Officer-I. W. Telford, B.Sc. (Hons.). 
Resenrch Officcr- .T. A. Warburton, B.Sc.(Hons.). 
Research Officer-N. H. Fletcher, B.Sc., M.A., Ph.D. 
Experimental Officcr-K. J. Heffernan. 
Experimental Officcr-J. W. Smith, B.Sc. 
Experimental Officer- K. G. Weir, A.S.T.C. 
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Rntlio A.ftronomy-

Senior Principal R~e:irch Officer-J. H. Piddington, 
M.Sc .. B.E., Ph.D. 

Sc~~~.Priocipal Rcsenrch Officer-B. Y. Mills, B.Sc., 

Pr~nc!pal Research Officer-W. N. Christiansen, D.Sc. 
Pr~nc1pal Research Oflicer-J. P. Wild, M.A. 
Principal Research Officcr-F. J. Kerr, M.Sc., \1.A. 
Scn~or Research Officcr-C. A. Shain, B.Sc.(Hons.). 
Senior Research Officer-S. F. Smerd. B.Sc. (Hons.). 
Research Officer-N. R. Labrum, B.Sc.(H ons.). 
Research Officer-R. X. McGee, B.Sc.(Hons.). 
Research Officcr-E. R. Hill, M.Sc. 
Research Officer- A. G. Little, B.Sc. 
Research Officer-C. S. Gum, M.Sc., Ph.D. 
Research Officer-A. W . L. Carter, B.Sc. (Hons.) . 
Research Officer-R. F. Mullaly, M.Sc., Ph.D. 
Research Officer-B. R. Goddard, B.Sc., B.E. 
Research Officer-D. S. Mnthcwson, M.Sc. 
Visiting Research Fellow-R. Q. Twiss, J\f.A., Sc.D. 
Visiting Research Fcllow-C. M. Wade, B.A., M.A., 

Ph.D. 
E.xpcrimentaJ Officer-K. V. Sheridan, B.Sc., B.A. 
fapcrimental Officcr-K. R. McAlister. A.S.T.C. 
ExperimentaJ Officer-J. V. Hindman. 
Experimental Officer-J. D. Murray, B.Sc. (Eng.). 
Experimental Officcr-0. B. Slee, B.Sc. 
ExpcrimeotaJ Officer-M. M. Komesaroff, B.Sc. 
r:xpcrimcntaJ Officer-M. W. Willing, A.R.M .T.C. 

Radio Na\•igation and Propagatlon-
Principal Research Officer-:\f. Beard, B.Sc., M.E. 
Senior Research Officer-F. F. Gardner, B.Sc .. B.E., 

Ph.D. 
Research Officer-D. E. Yabslcy, B.Sc., B.E. 
Experimental Officcr-P. T. Hedges. A.S.T.C. 
Experimental Officer-G. A. Chandler, B.E. 

Semiconductors and Trnnsisrors-
Prlncipal Research Officcr- 0. F. C. Cooper, B.Sc. 

(Hons.), B.E. 
Senior Research Officer-L. W. Davies, B.Se.(Hons.), 

D.Phil. 
Research Officer-R. D. Ryan. B.Sc.(Hons.), B.E. 
faperimental Officer-F. G. Tonk.ing. AS.T.C. 
Experimental Officer-B. M. B:utlett. B.Sc. 

Test and Developmem-
faperimeotal Officer-G. A . WeJJs, A.S.T.C. 
Experimental Officer-T. E. Cousins, A.S.T.C. 

Engineering Services--
Chief Drafting Officer- F. M. Carter. 
Drnfting Officer-H. F. Peddie, A.S.T.C. 
Drafting Officer-J. R. Morris. 

Officers A broad--
Principal Research Officer-H. C. Minnett, B.Sc., 

B.E. 
Principal Research Officcr-T. Pearcey, B.Sc. 

(Hons.). 
Senior Research Officer-J. A . Roberts, M.Sc., Ph.D. 
Research Officer- I . S. Turner, M.Sc., Ph.D. 
Research Officcr-B. J. Robinson, M.Sc., Ph.D . 

33. RJ.D(O R ESllARCH lADORATORlES. 

(Head-quarters: Harben Vale, Camden, New South 
Wales.) 

Chief Officer-in-cbarge--D. F. Martyn, D .Sc., Ph.D., 
A.R.C.S .• F.A.A, F.R.S. 

Senior Principal Research Officer--0. H. Munro, M.Sc., 
D.Sc. 

Senior Research Officer-W. L. Price, B.Sc., B.E. (part-
time). 

Senior Research Officer-G. R. A. EIJis, B.Sc.(Hons.), 
Ph.D. 

Research Officer-R. A. Duncan, B.Sc.(Hons.) . 

E."tperimental Officer- J. A. Hnrvcy, B.Sc. 
Experimental Officcr-L. H. Heisler, B.Sc. 
Experimental Officcr-R. B. White, B.E. 

34. DIVISION OF SOILS. 

( Head-quarters: Waite Agricultural Research Institute, 
Adelaide.) 

At Adelaide-
A dmlnistration-

Chief-J . K. Taylor, B.A., M.Sc., B.Sc.Agr. 
Chief Clerk-F. W. Blanksby. 
Librarian-P. H. Dawe. 

Soil S11rvey a11d Pedology Sectio11-
Scnior Principol Reson rch Officcr-C. G. Stephens, 

D.Sc. 
PrincipaJ Research Officcr- K. H. Northcote, 

B.Ag.Sc. 
Principal Research Officcr-0. Blackburn, B.Ag.Sc. 
Senior Research Officer-E. A. Jackson, B.Ag.Sc. 

(at Alice Springs). 
Research Officer-C. B. Wells, B.Ag.Sc. 
Senior Drafting Officer-P. D. Hooper. 

Soil Chemistry Secrio11-
Senior Principal Research Officer-C. S. Piper, D.Sc. 
Principal Rcsenrch Officer-A. C. Oertel, M.Sc. 
Principal Research Officcr-J . T. Hutton, B.Sc., 

A.S.A.S.M. 
Senior Research Officer-H. C. T. Stace, MSc. 
Senior Research Officcr-B. M. Tucker, B.A., B.Sc. 
Research Officcr-M. Raupach, M.Sc. 
Research Officer-K. G. Tiller, M.Sc. 
Experimental Officer-1\1. P. C. de Vries, Ing.Agr. 
E.xpcrimental Officer-A. R. P. Clarke, AS.A.S.M. 
Experimcnlal Officcr-R. M. McKenzie, B.Tech. 
Experimental O!Ticcr-R. D. Bond, B.Tech. 
Expcrlmcntnl Officer- ) . B. Giles, B.Sc. 

Soll Physics Sec1io11-
Scnior Principnl Research Officer-T. J. Marshnll, 

M.Ag.Sc., Ph.D. 
Senior Research Officcr-J. W. Holmes, M.Sc. 
Senior Research Officcr-W. W. E merson, B.A., 

Ph.D. 
Senior Research Officcr-E. L Greacen, B.Sc.Agr., 

Ph.D. 
Research Officer-C. G. Gurr, B.Sc. 

Soil Microbiology Sectio11-
Senior Principal Research Officer- R. J. Swaby, 

M.Sc., M.Ag.Sc., Ph.D. 
Senior Rescnrch Officcr-J. R. Harris, M.Sc. 
Research Officer-J. N. Ladd, M.Sc. (on leave) . 
Research Omccr-A. 0 . Rovira, B.Ag.Sc., Ph.D. 

Soll Mechnnics Section (:ii University of Melbourne)­
Principal Research Officer-G. D. Aitchison, M.E., 

Ph.D. 
Research Officer-I. B. Donald, M.E. 
Research Ofticer-R. H. G. Parry, M.E.Sc., Ph.D. 
Experimental Officer-P. 0. Morris, B.C.E. 
E.xpcrimental Officcr-C. J. Witherow, B.C.E. 

Clay Mineralogy Sectio11-
Scnior Research Officer-K. Norrish, M.Sc., Ph.D. 
Research Officcr-B. W. Radoslovich, M.Sc., Ph.D . 
Research Officcr- J . A. Rauscll Colom, D .Sc. 
Research Officer- Mrs. L. E. R. Rogers, M.Sc. 
ExpcrimcntaJ Officer-R. M. Taylor, B.Sc. 

At Brisbnne-
Soi/ Survey and Pc<lology Section-

Principal Research Officer-G. D. Hubble, B.Ag.Sc. 
Research Officcr-G. 0. Beckmann, B.Sc. 
Research Officer-W. H. Litchfield, B.Se.Agr. 

(seconded to DiviJ.ion of Land Research and 
RegionaJ Survey). 

Research Officcr-C. J . do Mooy, Ing.Agr. 
Resea rch Officer-R. F. Isbell, M.Sc. 
Experimental Officer-C. H. Thompson, Q.D.A. 
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Soil Physics Section-

Senior Research Officer-G. B. Stirk, B.Sc. 
Experimental Officcr-R. E. Prebble, B.Sc. 

Soil Chemistry Sectio11-
Principal Research Officer-A. E. Martin, B.Sc., 

F.R.I.C. 
Senior Research Officer-R. S. Beckwith, B.Sc. 
Experimental Officer-R. Reeve, Dip.Ind.Chem. 
Experimental Officer- I. F. Fergus, B.Sc. 
Experimental Officer-I. P. Little, B.Sc.Agr. 

At Canberra-
Soil Survey and Pedology Section-

Principal Research Officer-B. E. Butler, B.Sc. 
(Agric.). 

Senior Research Officer-R. Brewer, B.Sc. 
Senior Research Officer-J. R. Sleeman, B.Ag.Sc. 
Senior Research Officer-D. C. van Dijk, lng.Agr., 

D.Sc. 
Research Officer-P. H. Walker, B.Sc.Agr. 
Research Officer-H. M. Churchward, B.Sc.Agr. (at 

Deniliquin). 
Research Officer-J. A. Beattie, B.Sc.Agr. (at 

Griffith). 
Experimental Officer-B. F. Breese, B.Sc. 

Soil Chemistry Section-
EKperiJ:nental Offieer-H. J. Beatty, Dip.Ind.Chem. 

Soil Physics Section-
Researeh Officer-D. S. Mcintyre, M.Sc., Ph.D. 
Experimental Officer-A. V. Blackmore, B.Sc. (on 

leave). 

At Hobart-
Soil Survey and Pedology Section-

Principal Research Officer-K. D. Nicolls, B.Ag.Sc., 
B.Sc. 

Research Officer-G. M. Dimmoek, B.Sc. · 
Research Officer-J. Loveday, M.Ag.Sc. (on leave). 

Soil Chemist1y Section-
Bxperimental Officer-A. M. Graley, B.Sc. 
Experimental Officer-I. L. Honeysett, B.Sc. 

At Perth-
Soil Survey and Pedology Section-

Scnior Research Officer-M. J. Mulcahy, B.Sc. 
Research Officer-W. M. McArthur, B.Sc. 
Experimental Officer-E. Bettenay, B.Sc.(Agric.). 

Soil Chemistry Section-
Experimental Officer-A. G. Turton, B.Sc. (over­

seas). 
Experimental Officer-F. J . Hingston, B.Sc. 

35. DIVISION OP TlUBOPHYSlCS. 

(Head-quarters: University of Melbourne.) 
Chief-W. Boas, M.Sc., D.Ing., F.A.A. 
Principal Research Officer- L. M. Clarebrougb, B. Met.E., 

M.Eng.Sc., Ph.D. 
Principal Research Officer-M. E. Hargreaves, B.Met.E., 

Ph.D. 
Principal Research Officer- J. K. Mackenzie, B.A. 

(Hons.), B.Sc., Ph.D. 
Principal Research Officer-A. J. W. Moore, B.Sc., Ph.D. 
Senior Research Officer-A. J. D avis, B.Eng. 
Senior Research Officer- A. K. Head, B.A. (Hons.), 

B.Sc., Ph.D. 
Senior Research Officer- D. Michell, B.E.E. 
Senior Research Officcr-J. F. Nicholas, B.A.(Hons.), 

B.Sc. 
Senior Research Officcr-G. J. Ogilvie, B.Met.E., 

M.Eng.Sc., Ph.D. 
Senior Research Ofliccr- J. V. Sanders, B.Sc.(Hons.), 

Ph.D. 
Senior Research Officer-Mrs. H. M. C. Sosnowsky, 

Ph.D. 

Senior Research Otlicer-G. W. West, B.B.E., B.Sc. 
Research Officer-Mrs. L. A. Bruce, B.Sc.(Hons.), Ph.D. 
Research Officer-B. D. Cuming, M.Sc., Ph.D. 
Research Officer-£. A. Faulkner, M.A.(Hons.). 
Research Officer-E. Gillam, B.Sc., M.S. 
Research Officer-D. F. KJemperer, B.Sc., Ph.D. 
Research Officer-M. H. Loretto, B.Met.(Hons.). 
Research Officer- K. Schroder, Ph.D. 
Research Officer- H. G. Scott, B.A., Ph.D. 
Research Otlicer-J. A. Spink, M.Sc. 
Experimental Officcr-G. R. Perger, F.R.M.T.C. 
Experimental Officer-R. G. Sherwood, A.R.M.T.C. 
Experimental Officer-E. D. Hondros, B.Sc. 
Experimental Officer-I-£. Jaeger, A.R.A.C.I. 
Experimental Officer-E. Lovegrove, A.R.M.T.C. 
Experimental Officer- A. J. White, A.R.M.T.C. 

36. WtLDLIPE SURVEY SECTION. 

(Head-quarters: Canberra, Australian Capital Territory.) 
At Head-quarters, Canberra-

Officcr-in-chargc-F. N. Ratcliffe, O.B.E., B.A. 
(Hons.). 

Senior Principal Research Officer-R. Carrick, B.Sc. 
(Hons.), Ph. D. 

Sectional Secrctary-F. N. Robinson, B.A. 
Senior Research Officer-A. L. Dyce, B.Sc.Agr. 

(Hons.). 
Senior Research Officcr-H. J . Frith, B.Sc.Agr. 
Senior Research Officer-M. E. Griffiths, M.Sc. 
Research Officer-I. H. Calaby, Dip.App.Chem. 
Research Officer-B. J. G. Marlow, B.Sc.(Hons.). 
Research Officer-R. Mykytowycz, B.V.M., D.V.M. 
Experimental Officer-I . C. R. Rowley, B.Agr.Sc. 
Experimental Officcr--S. J. J. F. Davies, B.A. 

(Hoos.). 
Experimental Officer- I. E. Bromell, B.Agr.Sc. 
Experimental Officer-Mrs. C. F. Bennett, B.Sc. 
Scientific Librarian- Mrs. E. M. Wylie, B.Sc. 

At Perth, Westem Australia-
Principal Research Officcr- D. L. Serventy, B.Sc. 

(Hons.), Ph.D. 
Research Officcr-E. H. M. Ealey, M.Sc. 

At Albury, New South Wales-
Senior Research Officer-K. Myers, B.Sc.(Hons.). 
Research Officer-W. E. Poole, B.Sc.(Hons.). 

At Armidale, New Soutlz Wales-
Senior Research Officer-B. V. Fennessy, B.Agr.Sc. 
Experimental Officer-E. J . Waterhouse, B.Sc.Agr. 

37. WOOL TEXTILE REsEARCH LABORATORIES. 

Senior Officer-in-charge- F. G. Lennox, D.Sc. 
At Wool Textile Research Laboratory, Melbowne­

Biochemis try Unit, 343 Royal-parade. Parkville, 
Victoria-

Officer-in-cbarge-F. G. Lennox, D.Sc. 
Laboratory Secretary-C. Garrow, B.Com., D .P.A., 

A.A.S.A. 
Senior Principal Research Otlicer-W. G. Crewther, 

M.Sc. 
Principal Research Officer-R. D. B. Fraser, B.Sc. 

(Hons.), Ph.D. 
Principal Research Officer-I. M. Gillespie, M.Sc. 

(overseas). 
Principal Research Officcr-M. A. Jermyn, M.Sc., 

Ph.D. (overseas). 
Principal Research Officer--S. J . Leach, B.Sc.Tech., 

Ph.D. 
Principal Research Officer-H. Lindley, B.A., Ph.D. 
Principal Research Officer- T. A. Pressley, B.Sc. 
Principal Research Officer-J. M. Swan, B.Sc., Ph.D. 
Senior Research Officer- B. S. Harrap, M.Sc., Ph.D. 
Senior Research Officer-I. J . O'Donnell, M.Sc. 
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Senor Research Officer-W. E. Savige, M.Sc., Ph.D. 
Senior Research Officer-E. O. P. Thompson, M.Sc., 

Dip.Ed., Ph.D. 
Senior Research Officer-E. F. Woods, M.Sc., 

A.R.M.T.C. 
Research Officer-J. A. Maclaren, M.Sc., Ph.D. 
Research Officer-T. P. MacRae, M.Sc. 
Research Officer-B. Milligan, B.Sc.(Hons.), Ph.D. 
Research Officer-G. E. Rogers, M.Sc., Ph.D. 
Research Officer-C. M. Roxburgh, B.Sc., Ph.D. 
Research Officer-P. H. Springell, M.A., Ph.D. 
Research Officer-0. Youatt, B.Sc., Ph.D. 
Senior Experimental Officer-J. P. E. Human, M.Sc., 

Ph.D. 
Experimental Officer-A. B. McQuade, B.Sc. 
Experimental Officer-R. J. Rowlands, B.Sc. 
Experimental 0.fficer-K. I. Wood, A.R.M.T.C. 
Experimental Officer-L. M. Dowling, B.Sc. 
Experimental Officer-I. W. Stapleton, Dip.Chem. 

At Wool Textile Research Laboratory, Sydney­
Physics and Engineering Unit, The Hermitage, 338 

Blaxland-road, Ryde, New South Wa/es­
Officer-in-charge-V. D. Burgmann, B.Sc., B.E. 
Technical Secretary- H. W. M. Lunney, B.Sc., B.E. 
P rincipal Research Officer-M. Feughelman, B.Sc., 

A.S.T.C. 
Principal Research Officer-I. G. Downes, B.Sc. 
Principal Research Officer-N. F. Roberts, M.Sc. 
Senior Research Officer-H. W. Holdaway, B.Sc., 

B.E. 
Senior Research Officer- Mrs. K. R. Makinson, B.A. 
Research Officer-M. W. Andrews, B.Sc., Ph.D. 
Research Officer-IC Baird, M.Sc., Ph.D. 
Research Offi.cer- E. G. Bendit, B.Sc.(Eng.), M.Sc. 
Research Officer- E. F. Denby, B.Sc., Ph.D., D.T.C. 
Research Officer-A. R. Haly, M.Sc. 
Research Officer-J. F. P. James, M.Sc. (overs·~as). 

Research Officer-Miss V. Laws, M.Sc. 
Research Officer-D. T . Liddy, B.Sc. 
Research Officer-P. Nordoo, B.Sc., A.S.T.C. (over-

seas) . 
Research Officer- I. M. Stuart, M.Sc. 
Research Officer-I. C. Watt, M.Sc., Ph.D. 
Experimental Officer-J. E. AJgie, B.E., A.S.T.C. 
Experimental Officer-Miss J. C. Griffith, M.Sc., 

A.S.T.C. 
Experimental O.fficer-B. G. Leary, B.E., A.S.T.C. 
Experimental Officer-G. L. Stott, A.S.T.C. 
Experimental Officer- R. H. Kennett, A.S.T.C. 
Experimental Officer-B. H. Mackay, A.S.T.C. 
Experimental Officer-G. B. McMahon, B.Sc. 
Experimental Officer-B. J. Rigby, M.Sc., A.S.T.C. 

(overseas) . 
Experimental Officer-E. Sebestyen, Dip.M.E., D.Sc. 
Librarian-Miss H. G. Barr, B.A. 
Senior Drafting Officer-C. W. Quinnell, A.S.T.C. 

At Wool Textile Research Laboratory, Geelong, 
Victoria-

Officer-in-cbarge-M. Lipson, B.Sc., Ph.D. 
Technical Secretary-T. Topham, A.TJ . 
Principal Research Officer-G. W. Walls, B.Sc. 
Senior Research Officer-A. J. Farnworth, M.Sc., 

Ph.D., AG.Tech.Inst. 
Senior Research Officer-G. F. Wood, B.Sc., Ph.D. 
Research Officer--C. A. Anderson, B.Sc. (overseas). 
Research Officer-J. H. Bradbury, M.Sc., Ph.D. 
Research Officer-I. Delroenico, B.Sc. (overseas). 
Research Officer--D. E. Henshaw, B.Sc. 
Research Officer-J. R. McPhee, B.Sc., Ph.D. 
Research Officer-W. V. Morgan, B.Sc. 
Research Officer-G. H. Tauber, Dipl.Chem., Ph.D. 
Research Officer-D. S. Taylor, B.A., B.Sc., Ph.D. 
Experimental Officer-M. A. Higgins, AG.Inst.Tech. 
Experimental Officer-B. 0. Lavery. 

Experimental Officer-A. R. W. Lee, B.Sc., Dip.Ed. 
Experimental Officer- B. D. Harding, A.G.Inst. Tech. 
Experimental Officer-J. D. Leeder, A.G.Inst.Tecb. 
Experimental Officer-D. C. Shaw, B.Sc. 
Experimental Officer-G. C. West, AG.lost.Tech. 
Drafting Officer-W. E. 0 . Knothe, Dip.Mech.Eng. 

xxxrv. PUBLISHED PAPERS. 

The following papers have been published during the 
year. Letters Patent granted to the Organization during 
the year are also included. 

1. ANIMAL GENETICS SECTION. 

Allen, T . E., and Grigg, G. W. (1957) .-Sperm transport 
in the fowl. Aust. J. Agric. Res. 8: 788-99. 

Dun, R. B. (1958).-Growth of the mouse coat. VI. 
Distribution and number of vibrissae in the house 
mouse. Aust. J. Biol. Sci.11: 95-105. 

F raser, A. S. (1957) .-Simulation of genetic systems by 
automatic digital computers. I. Introduction. Aust. 
J. Biol Sci. 10: 484-91. 

Fraser, A. S. (1957) .~imulntion of genetic systems by 
automatic digital computers. II. Effects of linkage 
on rates of advance under selection. Aust. !. Biol. 
Sci. 10: 492-500. 

Fraser, A. S. (1958) .- Monte Carlo analyses of genetic 
models. Nature 181: 208-9. 

Fraser, A. S., and Short, B. F . (1958) .~tudies of sheep 
mosaic for fleece type. I. Patterns and origin of 
mosaicism. Aust. J. Biol. Sci. 11: 200-8. 

Grigg, G. W. (1958).-Competitive suppression and the 
detection of mutations in microbial populations. Aust. 
J. Biol. Sci. 11: 69-84. 

Nay, T., and Dowling, D. F. (1957).-Size of sweat glands 
in Shorthorn strains and Zebu x Shorthorn crossbred 
cattle. Aust. J. Agric. Res. 8 : 385-93. 

Rendel, J. M. (1958) .-Effect of age on the relationship 
between coincidence and crossing over in Drosophila 
melanogaster. Genetics 43 (2). 

Sheldon, B. L. (1958) .-The effect of temperature on the 
mutation rate in Drosophila melanogaster. Aust. !. 
Biol. Sci. 11 : 85-94. 

Short, B. F., Fraser, A. S., and Carter, H. B. (1958).­
Effect of level of feeding on the variability of fibre 
diameter in four breeds of sheep. Aust. !. Agric. 
Res. 9 : 229-36. 

Short, B. F., and Sobey, W.R. (1957).-The effect of sex 
on skin grafts within inbred lines of mice. Trans­
plantation Bull. 4 : 110-12. 

Sobey, W. R., and Adams, K. M. (1957) .-Studies in 
anaphylaxis. II. Dose responses to bovine plasma 
albumin in mice. Aust. J. Biol. Sci. 10 : 475-83. 

Sobey, W. R., and Claringbold, P. (1957) .-Studies in 
anaphylaxis. I. Quantitative scores for anaphylaxis 
in mice. Aust. J. Biol. Sci. 10: 360-4. 

Sobey, W. R., Claringbold, P., and Adams, K. M. (1957). 
-Inheritance of antibody response. III. Heritability 
of response to sheep red cells. Aust. J. Biol. Sci. 
10: 367-73. 

Stephenson, S. K. (1958).-Wool foIJicle developments in 
the New Zealand Romney and N-type sheep. II. 
Follicle population density during foetal development. 
Aust. !. Agric. Res. 9: 138-60. 

2. DIVISION OP ANIMAL H EALTH AND PRODUCTION. 

Alexander, G., and Mccance, I. (1958).-Temperature 
regulation in the new-born lamb. I. Changes in 
rectal temperature within the first six hours of life. 
Aust. !. Agric. Res. 9 : 339-47. 
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Allen, T. E., and Grigg, G. W. (1957) .- Sperm transport 
in the fow l. Aust. 1. Agric. Res. 8 : 788-99. 

Allen, T. E., and Skaller, F. (1957).- Mortality in an 
unculled population of four generations of cbjckens 
during their fi rst laying year. Aust. Vet. J. 34: 61-70. 

Barrett, J. F. (1957) .-Relationship of various culling 
criteria in ewes to subsequent Iamb-marking per­
centages. Proc. Aust. Soc. A nim. Prod. 1 : 21-3. 

Braden, A. W. H. (1957) .-Differences between inbred 
strains of mice in the morphology of the gametes. 
Anal. Rec. 127 : 270-1. 

Braden, A. W. H. ( 1957) .- Relationship between the 
diurnal light cycle and the times of ovulation in mice. 
!. Exp. Biol. 34: 177-88. 

Braden, A. W. H. (1958).- Influence of time of mating on 
the segregation ratio of aileles at the T locus in the 
house mouse. Nature 181 : 786-7. 

Briggs, P. K. (1957) .- The utilization of low quality 
roughage by sheep. Proc. Ar.1st. Soc. Anim. Prod. 
1 : 72-9. 

Briggs, P. K., Hogan, J. P., and Reid, R. L. (1957) .­
Effect of volatile fatty acids, lactic acid, and ammonia 
on rumen pH in sheep. Aust. !. Agric. Res. 

. 8: 674-90. 
Bull, L. B., Dick, A. T., o;nd McKenzie, J . S. (1958) .­

The acute toxic effects of heliotrine and lasiocarpine, 
and their N-o>lides, on the rat. J. Path. Bact. 
75 : 17-25. 

Campbell, B. L. (1957) .-Use of vitamin A supplements 
for sheep. Proc. Aust. Soc. Anim. Pl'od. 1 : 46-50. 

Carter, H. B., Turner, Helen Newton, and Hardy, 
Margaret H. (1958) .- The influence of various 
factors on some methods of estimating fibre and 
follicle population density in the skin of Merino sheep. 
I. Methods of delineating area of natural skin. 
Aust. J. Agric. Res. 9 : 237-51. 

Chapman, R. E., and Young, S.S. Y. (1957).-Study of 
wool production per uoit area of skin in Australian 
Merino sheep. A ust. J. Agric. Res. 8 : 723-32. 

Dolling, C. H. S. (1957).-The inheritance of horns in 
sheep. Proc. Aust. Soc. Anim. Prod. 1 : 161-4. 

Doney, J. M. (1958).-Effects of inbreeding oo four 
families of Peppin. Merinos. II. The influence of in­
breeding on age trends. Aust. !. Agric. Res. 9 : 252-9. 

Dunlop, A. A., and Hayman, R. H. (1958).-Differences 
among Merino strains in resistance to fleece-rot. Aust. 
J. Agric. Res. 9 : 260-6. 

Durie, P . H. (1957).-The relationship between intestinal 
fat cell content and infectivity of the third stage larvae 
of the bovine stomach worm Haemonchus placei 
(Place 1893) Ransom 1911. Aust. Vet. J. 33: 305. 

Farrington, K. J., and Warburton, W. K. (1957).­
Studies in the chemistry of pbenothiazine. III. 
Attempts to prepare some pentacyclic compounds. 
Aust. !. Chem. 10: 502-4. 

FrankUn, M.C. (1957) .- Presidential address. Proc. 
Aust. Soc. Anim. Prod. 1 : 7-17. 

Ferguson, K. A. (1 957) .-Efficiency of wool growth. 
Proc. Aust. Soc. Anim. Prod. 1 : 58-62. 

Gallagher, C. H . (1957) .- The pathology and biochemistry 
of copper deficiency. Aust. Vet.!. 33 : 311-17. 

Gordon, H. Mel. (1957) .-Helminthic diseases. Advanc. 
Vet. Sci. 3: 287-351. 

Gordon, H. McL. (1958) .-The epidemiology of helmin­
thosis in sheep in winter rainfall regions of Australia. 
2. Western Australia. Aust. Vet.!. 34: 5-19. 

Gregory, T. S. ( 1957) .-Contagious bovine pleuro­
pneumonia; report of investigations in Australia. 
Bull. Epiz . Dis. Afr. 5 : 187-98. 

Grigg, G. W. (1957).-The structure of stored sperm in 
the hen and the nature of the release mechanism. 
Poult. Sci. 36 : 450-1. 

Hamilton, F. J. (1957) .-A tourniquet for controlling 
haemorrhage from the liver during experimental 
biopsies and lobe resection in sheep. Aust. Vet. J. 
33 : 273-6. 

Hayman, R. H., and Nay, T. (1958).-Sweat glands in 
Zebu (Bos indicus L.) and European (B. taurus L.) 
cattle. II. Effects of season and exercise on sweat 
gland volume. Aust. !. Agric. Res. 9 : 385-90. 

Hogan, J.P. (1957).- The removal of nitrogen at different 
levels from the alimentary tract of the sheep. 
! . Physio/. 139 : 25-6P. 

Koch, Judith H., Rogers, W. P., Dwyer, F. P., and 
Gyarfas, Eleanora C. (1957).-The metabolic fate 
of tris-1, 10-phenantroline-106 ruthenium (II) per­
chlorate, a compound with anticholinesterase and 
curare-like activity. Aust. !. Biol. Sci. 10 : 342-50. 

Lyne, A. G. (1957) .- The development of the epidermis 
and hair canals in the Merino sheep foetus. Aust. 
!. Biol. Sci. 10: 390-7. 

Lyne, A.G. (1957).-The development of wool in Merino 
sheep. Wool Technol. 4: 53-6 . 

Lyne, A. G., and Verhagen, A. M. W. (1957).-Growth 
of the marsupial Trichosurus vulpecula and a com­
parison with some higher mammals. Growth 21 : 
167-95. 

McDonald, I. W., and Hall, R. J. (1957) .-The conver­
sion of casein to microbial proteins in the rumen. 
Biochem. !. 67 : 400-5. 

McKenzie, J . S. (1958) .-Some pharmacological pro­
perties of pyrrolizidine alkaloids and their relationship 
to chemical structure. Aust. !. Exp, Biol. Med. Sci. 
36: 11-21. 

Murray, M. D. (1957) .-The distribution of the eggs of 
mammalian lice on their hosts. 3. The distribution 
of the eggs of Damalinia ovis (L.) on the sheep. 
Aust.!. Zool. 5 : 173-82. 

Murray, M. D. (1957).-The distribution of the eggs of 
mammalian lice on their hosts. 4. The distribution 
of the eggs of Damalinia equi (Denny) and Haema­
topinus asini (L.) on the horse. Aust. !. Zool. 5 : 
183-7. 

Panaretto, B. A. (1957) .-Beef cattle investigations in the 
southern States of Australia. Proc. Aust. Soc. Anim. 
Prod. 1 : 126-9. 

Plackett, P. (1957).-Depolymeriza<tion of pbonucleic 
acid by extracts of Asterococcus mycoides. Biochem. 
Biophys. Acta 26 : 664-5. 

Radford, H . M., and Watson, R. H. (1957) .-Influenc.e 
of rams on ovarian activity and oestrus in Merino 
ewes in the spring and early summer. Aust. J. Agric. 
Res. 8 : 460-70. 

Reid, R. L., Hogan, J. P., and Briggs, P. K. (1957) .­
The effect of diet on individual volatile fatty acids in 
the rumen of sheep, with particular reference to the 
effect of low rumen pH and adaptation on high­
starch diets. Aust. !. Agric. Res. 8 : 691-710. 

Riek, R. F., and Keith, R. K. (1957).-Studies on anthel­
mintics for cattle. I. The efficiency of toluene with 
special reference to the hookworm Bunostomum 
phlebotomum (Railliet 1900). Aust. Vet. J. 33 : 
162-8. 

Riek, R. F., and Keith, R. K. (1957).-Studies on anthel­
mintics for cattle. II. The efficiency of 1 : 8-dihy­
droxyanthraquinone. Aust. Vet. J. 33: 169-73. 

Riek, R. F., and Keith, R. K. (1958).-Studies on anthel­
mintics for cattle. III. The efficiency of some pipera­
zine compounds. Aust. Vet. J. 34: 1-4. 
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Riek, R. F., and Keith, R. K. (1958) .-Studies on anthel­
mintics for cattle. 1 V. The organic phosphorus com­
pound 0,0-dimethyl 2,2,2-trichloro-l-hydroxyethyl 
phosphonate (,Bayer " L13/ 59 "). Aust. Vet. J. 
34 : 93-103. 

Roberts, N. F., ancl Dunlop, A. A. ( 1957) .-Relation 
between crimp and fineness in Australian Merinos. 
Aust. J. Agric. R es. 8 : 524-46. 

Roberts, F. H. S. ( J 957) .-The incidence and abundance 
of the gastro-intestinal belminths of cattle in the 
Tooradin district of south-eastern Victoria. Aust. 
Vet. J. 33: 174. 

Roberts, F. H. S. (1957) .-Reactions of calves to infes­
tation with the stomach worm liaemonchus place/ 
(Place 1893) Ransom 19J I. Aust. J. Agric. Res. 
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XXXV. FINANCE. 
1. E XPENDITURE. 

The statement of expenditure from 1st July, 1957, to 30th June, 1958, is as follows:-

(a) Salaries and contingencies 
( b) Investigations-

( i) Animal Health and Production Problems .. 

(ii) 

(ill) 

Less contributions from-
Wool Research Trust Fund Trust Account 
Australian Dairy Produce Board 
Australian Meal Board .. 
Jan McMaster Bequest .. 
Alexander Frase.r Memorial Fund 
Wm. Mcilrath Fellowsllip 
Burdekin Bequest (Drought feeding) 
Special Revenue Funds-

" Belmont " Field Station 
Special Reserve Fun<l-

National Field Station, "Gilruth Plains" 

Biochemistry and General Nutrition Problem• 
Less contributions from-

Wool Research Trust Fund Trust Account 
Australian Wool Board , , 

Plant Problems-Division of Plant Industry 
Leu contributions from-

Wool Research Trust Fund Trust Account 
Commonwealth Bank 
River Murray Commission and Snowy Mountains Hydro-electric Authority 
Brown Rot Trust Fund .. 
Wheat Research Trust Account 
Special Revenue Fund-Samford Farm 

(iv) Bntomofogy Problems 
(v) Soils and Irrigation Problems of Irrigation Settlements­

(a) Citricultural-Research Station, Griffith 

(b) 

Less contributions from-
N.S.W. Water Conservation and Irrigation Commission 
Special Revenue Fund-Griffith Research Station 

Viticultural-Research Station, Merbein 
Less contributions from-

Dried Fruits Control Board 
Mildura Co-op. Fruit Company 
Irymple Packing Company 
Red Cliffs Co·op. Fruit Company 
Co-op. Dried Fruit Sales Ltd. 

£ 

336,126 
2,330 

199 
6,752 

306 
2,250 
1,333 

2,685 

S,973 

42,180 
11 

132,247 
632 

3,7SO 
618 
269 
291 

2,000 
10,545 

1,698 

.. "} 1,236 

£ 

737,848 

357,954 

119,810 

42,191 

754,83S 

137,807 

64,476 

12,545 

73,639 

2,934 

£ 
297,725" 

379,894 

77,619 

617,028 
215,538 

51,931 

70,705 

122,636 

• The main items of expendjture under this heading are salaries of the Adminjstrative Start: at the Organiuition's Head Office: salaries and e•penses of officers 
at tho Liaison Offices in London and Washington; staff and upkeep of State Comr.ruttees: travelhns expenses of Head Office Staff; and general office expenditure. 

l 



(vi) Soil Problems .. 
Les.J contributioru from-

Department of Supply . . . . 
Country Roads Board of Victoria 

(vii) Food Preservation and Transport Problems 
Less contsibutions from-

N.S.W. Department of Agriculture 
Metropolitan Meal Industry Board 
Queensland Meal Industry Board .. 
Australian Meat Board .. 
Australian Egg Board 
Commonwcallh Can Makers' Association 
Department of Primary Industry .. 
Department of Trade 
Various Contributors 
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Department of Scientific and Industrial Research (U.K.) 
Apple and Pear Board .. 

(viii) Forest Products Problems 
Less contributions from-

Australian Paper Manufacturers Ltd. 
Associated Pulp and Paper Mills Ltd. 
Austra.lian Newsprint Mills 
New Zenland Forest Products Ltd. 
Department of Territories 
General Donations 
Pole Strength Research Account 
Australian Plywood Board 

(ix) Mining and Metallurgy 
Less contributions lrom-

Australasian Institute of Mining and Metallurgy 
State Electricity Commission 
General Donations 
Territory Enterprises Pty. Ltd. . . 

(x) Radio Research 
Less contributions from­

Postmaster-General's Department 

.. ''} 

Australian Broadcasting Control Board and Overseas Telecommunications 
Commission .. 

(xi) Research Services 
Less contributions from-

Wool Research Trust Fund Trust Account 

(xii) Industrial Chemistry 
Less contributions from-

Cemcnt and Concrete Association of Australia 
Mt. Morgan Ltd., Mt. Lyell Mining and Railway Co. Ltd., Mt. Isa and Peke N.L. 
Consolidated Zinc Pty. Ltd 
Various Contributors 
Rio Tinto Pty. Ltd 
Smith, Kline and French Laboratories (U.S.A.) 
State Electricity Commission, Victoria, Gas and Fuel Corporation, and Australian 

Paper Manufacturers Ltd. 
Zircon Rutile Pty. Ltd., Australian Titan Products Pty. Ltd., Western Titanium 

N .L, and Associated Minerals Consolidated 

(xiii) Fisheries Investigations 
Less contributions from-

N .S. W. Government 
Department of the Navy .. 
Department of Primary Industry 

(xiv) Mathematical Statistics 

(xv) National Standards Laboratory 
Less contributions from­

Department of Supply 
General Donations 

(xvi) Tribophysics .. 

(xvii) Building Research 
Less contributions from-

Associated Fibrous Plaster Manufacturers 
Paint Manufacturers' Association 
Stale Electricity Commission 

of Australia 

£ 

510 
956 

2,036 
477 

1,171 
368 
635 
615 

2,357 
7,386 
2,785 

242 
384 

4,097 

3,304 
1,872 
7,324 
7,328 

260 
724 

3,466 
1,474 

14,212 

3,000 

10,439 

•• 

3,426 
9,006 
6,737 
2,459 
1,953 
3,633 

1,516 

8,964 

419 
3,804 
2,231 

1,547 
957 

2,332 
2,535 

588 

£ 
22,706 

1,466 

245,125 

18,456 

316,322 

23,925 

49,406 

5,924 

52,743 

17,212 

278,020 

10,439 

624,169 

37,694 

171,458 

6,454 

577,186 

2,504 

149,098 

5,455 

£ 

221,240 

226,669 

292,397 

43,482 

35,531 

267,581 

586,475 

165,004 

59,327 

574,682 

101,079 

143,643 



(xviii) Fodder Conservauon .. 
(xiii) Radiophysics Research . . 

Less contributions from-
Snowy Mountains Hydro-electric Authority 

(xx) Metallurgical Rescnrcb 

(xxi) Tobacco Research .. 
Less contributions from­

Tobncco Research Trust .. 

(xxii) Mctcorologicnl Physics 
(xxili) Dairy Research 

Less contributions from­
AuSLrnlino Dairy Produce Board 

(xKiv) Wool Textile Research 
Less contributions from-

Wool Research Trust Fund Trust Account 
Princeton Jnstitute, U.S.A. 
Austrnlian Wool Testing Authority 

(xxv) Fuel Research 
(xxvi) Wildlife Survey 

Less contributions from-
Wool Resenrch Trust Fund Trust Account 
I.C.J.A.N.Z. Ltd. 
Northern Territory Administration 
Walter & Eliza Hall Institute 

(x.xvii) Land Research and Regionnl Survey 
Less contributions rrom-

Departrnent of National Development 
Department of Territories 
Australian Meat Board .. 

(xxvUi) Genetics Jnvestigations 
Less contributions from-

Wool Rcsc::irch Trust Fund Trust Account 
N.S.W. State Cancer Council 
General Donations .. 
Commonwealth Bnnk 

(xxix) Miscellancous-
(a) Biophysical Research .. 
(b) Patent Fees 
(c) Extrn-murnl Investigations 
(d) F urlough and Compensation 
(c) Various 

Less contributions Crom-
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Sciencc and Industry Endowment F und 
Australian Hide and Leather Industries Board 
General D onations 

(c) Grants-

Bowen Consolidated Coal Mines 
Department of Primary Industry .. 
Wool Research Trust F und Trust Account 
Wheat Research Trust Account 
United Graziers· Association of Queensland 

Total of Item (b)-Jnvestigations 

(i) Research Associations-
Leather Research Association 
Bread Research Institute .. 
Wine Research Institute 
Tobacco Research Trust 
Coal Association (Research) Ltd. 

(ii) Overseas Research Studentships 

Les.r contributions from-
Wool Research Trust Fund Trust Account 
Science and Industry Endowment F und 

Tot:il Srunries and Contingencies, Investigations, and Grants 
Less receipts from sales of equipment, publications, &c., and revenue earned by 

Divisions and Sections, details of which are shown in Section 4 

£ £ 

3,651 

45,999 

3,804 

373,382 
489 

62 

54,327 
346 

3,946 
250 

1,874 
19,226 

750 

28,778 
267 
610 

59 

1,150 
2,087 

32 
3,750 
9,002 

101 
1,507 

172 

6,387 
10,873 
3,500 

10,500 
10,000 

3,127 
1,155 

383,672 

3,65 1 

45,999 

45,999 

70,336 

3,804 

384,823 

373,933 

119,338 

58,869 

154,929 

21,850 

62,085 

29,714 

2,962 
7,409 

33,300 
13,272 
24,394 

81,337 

17,801 

41,260 
60,793 

102,053 

4,282 

£ 
38,794 

380,021 
11,103 

81,695 

66,532 

10,890 
175,792 

60,469 

133,079 

32,371 

63,536 

5,481,832 

97,771 

S,579,603 

152,501 

5,427,102 
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2. CONTRIBUTIONS. 

This Section shows the receipts and disbursements 
during the year 1957-58 of the funds provided by CO!V 

tributors and recorded in a special account entitled 
" Speci1ic Research Trust Fund ". It includes transactions 
financed from wool funds, details of wbich appear in 
Section 3 of this Chapter. Of the total expenditure of 
£1,621,367 recorded in this Fund, £1,281,675 refers to 
normal research activities and £339,692 to capital works. 
The following table summarizes the sources of these funds 
and the activities on which they were expended :-

Activity. 

Source or Funds. 
lnvcs1ian- Capital 

Works. tlons. 

.£ £ 
Wool Research Trust Fund Trust 

Account .. .. .. 998,S07 269,421 
Contributions (other than Wool) 283,168 70,271 

1,281,675 339,692 

The details are as follows:-
ReceiplS 19S7·S8 

and balances 
brought forward 

trom 19S6-S1. 

Wool Research Trust Fund Trust 
Account. (Details are shown in 
Section 3) 

Australian Meat Board-Visit o( Dr. 
J. Hammond (Animal Health and 
Production) 

Australian Dairy Produce Board 
( Maslitis Investii:atioos).. . . 

W. Mcllrath Research Fellowship 
Fund (Expenses of Fellowship-­
Animal Husbandry) 

Australian Meat Boord (Pnrnsitolo­
gical Studies of Cattle) .. 

Austrulinn Dairy Produce Board 
(Parasitologicnl Studies of Cnttlc) 

Alexander Fraser Memorial Fund 
(Animal Health and Production 
lnvcstigations) 

Estate of the lnte Captain Ian Mc­
Mnstcr (Animal Health and Pro­
duction Investigations) .. 

Burdekin Bequest (Drought Feeding 
Investigntions) . . . . . . 

Special Revenue Fund-" Belmont " 
Field Stnlion, Rockbnmpton (Animal 
Henlth a nd Production Investiga-
tions) .. .. 

Special Reserve Fund-National F ield 
Station, "Gilruth Plains", Cunna­
mulla (Animal H e:ilth nod Produc­
tion Investigations) . . . . 

Special Revenue Fund - Burdekin 
Bequest (Animal Health and Pro­
duction Investigations) .. 

T rust F und Brown Rot Investigations 
-Brown Rot Survey (Plant 
Industry) .. 

Commonwealth Bank end Other Con-
tributor-Phytotron Development 
(Plant Industry) .. 

Commonwealth Bank-Plant Breeding 
Investigations (Plant I ndustry) 

General Donations (Pinnt I ndustry) 
Western Australian Golf Association 

(Plant Industry Investigations) .. 
River Murray Commission nnd Snowy 

Mountains Hydro·electrie Authority 
-Alpine Ecology Tnvestigotions 
(Plant Industry) . . . · 

Australinn Tobacco Research Trust 
(Tobacco Investigations) .. 

Specinl Revenue Fund- Research 
Station, Mareeba (Tobacco Research 
Investigntions) . . ·: . · · 

Special R evenue Fund-GraWlg Trials, 
Samford Farm (Plant Tndustry Tn· 
vestigations) 

£ 

1,289,100 

200 

2,410 

2,250 

6 

3 

427 

6,930 

2,494 

8,619 

9,792 

2,389 

1,500 

20,000 

633 
so 
50 

3,281 

92,612 

2,195 

516 

Total. 

£ 

1,267,928 
353,439 

1,621,367 

Expeodituro 
1957-58. 

£ 

1,267,928 

200 

2,330 

2,250 

306 

6,752 

1,333 

2,685 

5,973 

618 

20,000 

633 

91,568 

291 

• Expenditure on this work In exces$ or receipts will be recovered in 1958-S9. 

Receipts 1957-58 
and balances 

brought forward 
from 1956-57. 

United Graziers' Association of 
Queeoslanct and Australian Meat 
Board-Cattle Tick I nvestigations 
(Entomology) 

United Graziers' Association of 
Queensland-Buffalo Fly and Cattle 
Tick Investigations (Entomology) .. 

Australfan Hide and Leather Industries 
Boord (Cattle Tick and Leather I n· 
vestigations) 

General Donations (Division of 
Entomology) 

Department of l'rimnry lndustry­
Fruit Fly Investigations (Entomo­
logy) 

Department of Supply (Soil Mechanics 
Investigations) 

Country Roads Board, Victorin-King 
St. Bridge lnvestii:ations (Division 
of Soils) 

N.S.W. Water Conservation and 
l rrignlion Commission (Maintenance 
of Griffith Research Station) 

Pncking Companies and Co-operative 
Fruit Sales Ltd. (Dried Vine Fruits 
I nvestigations, Merbein) .. 

Dried Fruits Control Board (Dried 
Fruits Investigations) 

Nyah·Woorinen Dried Fruits Inquiry 
Committee (Dried Fruits Investiga­
tions) .. 

Special Revenue Fund-Research 
Station, Griffith (Citriculturnl Inves­
tigations) 

Australian MCllt Board ( Ment Tnves­
tigntions) 

Metropolitan Meat Industry Board of 
New South Wales ( Ment Investiga­
tions) .. 

Queensland Ment Industry Board 
(Meat Investigations) 

Department of Trade (Mutton Dehy­
dration lnvcstigQtions) 

N.S.W. Department of Agriculture 
(Food lnvcsti1Jations} 

Department of Primary Industry Fruit 
Fly Investigations (Food Investiga­
tions) 

Apple and Pear Board (Food Investi­
gations) 

Various Contributors (Division of 
Food Preservntion and Transport) 

Australian Egg Board (Division of 
F ood Preservation and Trnnsport­
Egg lnvestigations) 

Commonwealth Can Makers' Associa­
tion (Division of F ood Prescrvat.ion 
and T ransport-T inplate lnvestiga· 
lions) .. 

Department of Scientific and Industrial 
Research (U.K.)-Coopcrative Meat 
Meat I nvcsti11ations (Food Preserva­
tion and T ransport) 

N.S.W. Department of Agricultur~ 
Quick Freezing of F ruit and Vege­
tables (Division of F ood Preserva­
tion and Trnnsport) 

Paper Companies and New Ze:iland 
Forest Products (Paper Pulp Inves­
tigations) 

Sundry Contributors (Forest Products 
Investigations) 

General Donations-Pole S trength 
Research (Forest Products) 

Department of Territories (Develop­
ment of Pulp and Paper Industry in 
New Guinea) .. 

Australian Plywood Board-Veneer, 
Gluing, nnd Plywood Research 
(Forest Products) 

Australasian Institute of Mining and 
Metallurgy (Miocragraphio Jnvcsti­
gatioos) 

Territory Enterprises Pty. Ltd.-Tesl~ 
on Base Mctnl Ore (Ore-dressing 
Tnvestigalions) .. 

General Donations (Ore-dressing In· 
vestigations) 

£ 

1,000 

172 

2,087 

32 

11,000 

29,000 

250 

2,000 

1,000 

1,721 

450 

24,613 

119 

500 

1,275 

8,344 

1,099 

2,498 

500 

8,346 

750 

615 

242 

l ,076 

5,168 

8,132 

13,365 

3,366 

8,501 

1,2.97 

1,474 

7,224 

Expendhuro 
1957-58. 

£ 

172 

2,087 

32 

9,002 

510 

2,000 

956 

1,698 

10,545 

368• 

477 

J,17 1 

7,386 

1,000 

2,357 

384 

2,785 

635 

615 

242 

1,036 

4,097 

1,872 

7,324 

3,304 

7,328 

260 

1,474 

3,466 

• Eicpcndi111ro on this work in excess or receipts will be recovered in 195S-S9. 
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Receipts 1957-58 
and balances 

brought lorward 
from 1956-57. 

State Electricity Commission of Vic­
toria-( Mincrasraphic Investigations 
-Geological Consultations) 

Miscellaneous Contributors (Minera­
grapbic ln vestigations) 

Postmaster-General's Department 
(Radio Research) 

Australian Broadcasting Control Board 
and Overseas Telecommunications 
CoDllDission-Radio Research at 
Universities of Queensland and 
Adelaide 

Miscellaneous Contributors (Division 
of Industrial Chemistry) 

State Electricity Commission, Gas and 
fuel Corporation, and Australian 
Paper Manufacturers Ltd.-Clinker­
iog of Brown Coal Ash (Division of 
Industrial Chemistry) 

Zircon Rutile Pty. Ltd.. Australian 
Titan Products Ply. Ltd., Western 
Titanium N .L, and Associated 
Minerals Consolidated-l'roduction 
of Rutile from llmenite (Industrial 
Chemistry) 

Mt. Morgan Ltd., Mt. Lyell Mining 
and Railway Co. Ltd., Mt. Isa Ltd., 
and Peko N.L. (Industrial Chemistry 
-Cooperative Investigations) 

Mt. Morgan Ltd., Mt. Lyell Mining 
and Railway Co. Ltd., Mt. Isa Ltd., 
and Peko N.L.-Electrowinning of 
Copper (Industrial Chemistry) .. 

Cement nnd Concrete Association of 
Australia-Cement Investigations 
(Industrial Chemistry) 

Rio Tinio Pty. Ltd.- Water Evapora­
tion Control (Industrial Chemistry) 

Consolidated Zinc Pty. Ltd.- Resin-in­
Pulp Project (Industrial Chemistry) 

Smith, Kline, and French Laboratories, 
U.S.A.-Phytological Survey and 
Drug Plant Collection (Industrial 
Chemistry) 

N.S.W. Government (Fisheries Investi­
gations) 

Department of the Navy- Marine 
Fouling Investigations (Division of 
Fisheries and Oceanography) 

Department of Primary Jndustry­
Pearl Shell Survey (Division of 
Fisheries and Oceanography) 

Department of Primary lndustry-
Barracouta investigations (Division 
of Fisheries and Oceanography) 

Department of Supply-Ex:1mination 
of Gang.es (Metrology) .. 

General Donations (Division of 
Physics) 

Miscellaneous Contributors (Mathe­
mntical Instruments Section) 

Machinability Donations Account 
(Metrology) 

General Donations (Electrotech-
nology) 

General Donations (Tribophysics) .. 
State Electricity Commission-Design 

and Use of Briquette Space Heaters 
(Building Research) . . . . 

Associated Fibrous J>laster Manufac­
turers of Australia-Fibrous Plaster 
Research (Division of Building 
Research) 

Paint Manufacturers' Association­
Paint Research on Plaster Surfaces 
(Division of Building Research) .. 

General Donations (Division of Build­
ing Research) .. 

Australian Wool Board-Biochemistry 
and General Nutrition Investigations 
(Sheep Research) 

Various Contributors (Biochemistry 
and General Nutrition) .. 

Snowy Mountains Hydro-electric 
Authority-Cloud Seeding Investiga­
tions (Division of Radiophysics) -, . 

Department of Civil Aviation-Radio 
Navigational Aids (Division of 
Radiophysics) 

£ 

1,594 

116 

15,000 

3,000 

9,264 

3,000 

7,877 

3,l51 

7,420 

5,563 

2,122 

6,737 

7,000 

421 

3,960 

2,249 

200 

2,343 

1,088 

126 

350 

300 
325 

1,000 

2,635 

2,026 

1,720 

789 

500 

6,429 

5,000 

Expenditure 
1957-58. 

£ 

724 

14,212 

3,000 

2,459 

1,5 16 

8,964 ~ 

3,151 

5,855 

3,426 

1,953 

6,737 

3,633 

419 

3,804 

2,181 

50 

1,547 

727 

229 

588 

2,332 

2,535• 

11 

3,651 

• Expenditure on this work in excoss of reeeipts will be recovered in 1958-59. 

Receipls 19.S7-58 
and balancc.s 

brought forward 
from 1956-57. 

Cammi.Hee for D ried Fruit Marketing 
(D1v1s1on of Meteorological Physics) 

Australian Dairy Produce Board-
Cheese-making Pro ject (Dairy 
Research) 

Woo.I Bu.ving and Selling Account 
(Wooi Tei>tilc Res~rch) .. 

Wool Scourers, Carbonizers, and Fell­
mongers Federation of Australia 
(Wool Textile Research) 

Shell (Chemical) Aust. Pty. Ltd.­
Mothproofing Investigations (Wool 
Textile Research) .. 

Patons and Baldwins Ltd.-Solvcnl 
Degreasing (Wool Textile Research) 

Australian Wool Testing Authority­
Wool Moisture Measurements (Wool 
Textile Research) 

Associated Woollen Worsted Texti.le 
Manufacturer~ of Australia (Wool 
Te1'tile Research) 

Various Contributors ( International 
Wool Textile Research Conference) 

General Donations (Wool Textile 
Research) 

Princeton Institute, U.S.A.-Princcton 
Wool Project (Wool Textile 
Research) 

General Donations (Coal Investiga­
tions) .. 

Bowen Consolidated Coal Mines Ltd. 
-Purchase of Infra-red Spectro­
photometer (Coal Investigations) 

W:ilter and Eliza Hall Institutc­
Duck Banding Investigations (Wild· 
life Section) 

N.T. Administration-Goose Damage 
to Rice Crops (Wildli[e Investiga­
tions) .. 

l.CJ.A.N.Z. Ltd.- Duck Banding 
Investigations (Wildlife Investiga­
tions) .. 

Department of National Development 
- Kimberley Research Station 

Department of Territories (Resources 
1· Survey-Papua-New Guinea) r Australian Meat Board- Pasture 
I Development in Central A~stralia 

! (Land Research and Regional Sur-
vey) 

Commonwealth Bank (Genetics Inves­
tigations) 

N.S.W. State Cancer Council-Cancer 
Research Project (Genetics Investi­
gations) 

General Donations (Genetics Inves­
tigations) 

Sundry Contributors (Commonwealth 
Scientfiic and Industrial Research 
Orgaoiuition-Publications) 

Science and Industry Endowment 
Fund 

Wheat Resenrch Trust Account 

£ 

12 

3,804 

21,933 

3,000 

500 

1,250 

62 

2,032 

50 

32 

492 

401 

3,750 

250 

4,724 

400 

365 

19,556 

917 

62 

422 

1,250 

24 

2,591 
2,000 

1,765,857 

Expendiiure 
1957-58. 

£ 

3,804 

20,250 

3,000 

473 

1,230 

62 

489 

3,750 

250 

4,705 

346 

1,874• 

19,226 

750 

59 

267 

610 

2,305 
1,777 

1,621,367 

3. WooL RESEARCH TRUST FUND TRUST ACCOUNT. 

Details of transactions during 1957-58 are as follows:­

Receipts 1957-58. 

Department of Primary Industry 
Expe11diture 1957-58. 

f/lvestigations. 
Division of Animal Health and Pro-

-duction-
Parkville Laboratory 
McMaste.r Laboratory .. 
Sheep Biology Laboratory, Prospect 
Regional Pastoral Laboratory, 

Armidale 
National F ield Station, "Gilruth 

Plains" 
Sheep Breeding Investigations at 

McMaster Laboratory and 
McMastcr Field Station 

£ 

6,451 
28,178 

180,418 

69,448 

34,218 

17,413 

£ 

336,126 

£ 
1,289,100 

• Expenditure on t.Ws work in excess of receipts will be recovered in 1958-59. 
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Division of Plnnl Industry-
Agroslology lnvcstii:ations 

Rescar.:h Scrvkcs-
Agricultural Research Liaison Sec-

tion 
Wool Publications 

Division of Biochemistry and General 
Nutrition-

Biochemical and Nutritional ln\'CS• 
ligations 

Wool T extile Research-
Wool Textile Research Laboratories 
Division of Industrial Chemistry 

Wildlife Survey Section­
WildLife Survey 

Animal Genetics Section­
Animnl Genelics Investigations 

Misccllancous-
Overseas Studentships .. 

Total Investigations 
Special ltcm-

Allocation for Establishment of 
Wool Buyin& and Sellini: Fund 
(Wool Tclttilc Research) 

Total Investigations and 
Special Item 

Capital Works and Sptcial Items. 
C.S. l.R.O. Expenditurc­

Biologicnl Research 
Wool Textile Research 

Department of Works Expenditure-
Biological Research 
Wool Textile Research .. 

Specit1I Items-
Acquisition of " Mt1yhir" 
Sllvor Co1worsJon Project 

To1nl Capit~I Works qncl 
Speci:1I Items It 

Total Expenditufc . . 
B11l11nce carried forward 10 1958·5~ 

£ 

132,247 

9,820 
720 

42,180 

340,362 
33,020 

54,327 

28,778 

3,127 

14,512 
27,034 

160,810 
40,038 

24,,27 
i.soo 

'I 

II 

£ 

132,247 

10,540 

42,180 

373,382 

54,327 

28,778 

3,127 

980,707 

17,800 

41,546 

200,848 

:nm1 

£ 

998,507 

269,4~1 

j,267,928 
21,172 

t.Z89,100 

During the year an amount of £9S,8S4 was received 
from sale9 of sheep, wool, and other produce from 
C.S.I.R.O. Field Stations and Laboratories financed from 
wool funds. This amount was remitted to the Depart­
ment of Primary Industry for credit to the Wool Research 
T rust Fund Trust Account. 

4. MISCRLLANEOUS RECEIPTS. 

D uring 1957-58 miscellaneous receipts amounted to 
£152,501. Of this amount £16,315 represented proceeds 
of sales of equipment, publications, &c. The balance of 
£ 136, 186 represented revenue earned by Divisions and 
Sections apart from the Special Revenue included under 
Section 2. Detai ls of the receipts are as follows:-

Gentral R11ve111111. 

Division of Animal Health and Produc­
tion-

Sale of Contagious Pleuropncumonia 
Vaccine 

Mnstitis lnvestigntions 
Parkville Laboratory 
T oxaemic Jaundice Investigations, 

Parkville, Victoria 
Oestrus Experiments 
Poultry Breeding Tnvestiaiations 
Contagious Plcuropneumonio Investiga-

tions 
Bacteriological and Parasitological 

Investigations 
McMaster Field Station Revenue .. 
Veterinary Parasitology Laboratory, 

YcerongpiUy 
Cobram Field Station 

' 

£ 

8,218 
1,426 

357 

304 
1,408 

10,544 

1,736 

196 
2.382 

66 
202 

£ £ 

Division of Plallt Industry-
Pinnt Industry lnvestii:ations, Canberra 
Stantborpe Field Station 
Plant and Soils Laboratory, Brisbane 

Division of Entomology 
Division of Soils-

Merbein Research Station .. 
Soils Investiga tions 

Division of Food Preservation and 
Transport 

Division of Forest Products 
Ore-dressing Investigations 
Mineragraphic Investigations 
Research Scrviccs-

Film Unit 
Ensincerinc Section 

Division of Industrial Chemistry­
lndustrinl Chemistry Investigations 
Microanalysis hwcstisntions 

Division of Fisheries 
Division of Metrology 
Division of Electrotechnoloi;y 
Division of Physics 
Division of Building Research 
Division of Radiophysics 
Meteorological Physics Section 
Wildlife Survey Section 
Land Research and Regional Survey, 

Katherine 
Coal Research Section 

Royalty Receipts-
Division of Industrial Chemistry 
Division of Food Preservation and 

Transport 
Research Services-Film Unit 
Division of Met rology 

Other Reccipts-
Sales of publications 
Sales of equipment, &c. 

£ 

4,752 
546 
25 
10 

7,118 
327 

286 
181 
62 
50 

79 
57 

31 
41457 

80 
9,994 

902 
2,250 

131 
67 
6 

182 

35 
230 

77,415 

20 
49 

5 

4,380 
11,935 

£ £ 

58,697 

77,489 

16,315 
152,501 

T he above sum was paid to the credit of the Trust Fund, 
Science and Industry Account during 1957-58 and conse­
quently reduced the requirements from Treasury sources 
by that amount (see Section l), 

5. W ORKS PRQJJ;CTS (VNDER CONTROL OF C.S.I.R.0.) . 

Treast.1ry C)\penditure on works projects finai:iccd from 
fund~ made available directly to C.S.I.R.O. is as follows:-

£ £ £ 
Plant Indu1try-

Canberra Experiment Sectlon-
Dcvclopmental expenditure 1,728 
Development of PhYtotron. • 8,001 

Samford Farm-
Creck crossings, fencing, and clearing 729 

Plant Introduction Station, Kelmscott-
Milcellancous 295 

Entomology-
Cattlc Tick Investigations, Townsvillc-

Fencing . . 249 

Food Preservation and Transport-
Meat Research Laboratory, Cannon 

Hill-
Cold room 1,203 

Food Processing Laboratory, Hobart-
Boiler for processing plant 1,808 

Fisheries nnd Oceanogrophy-
Fisherles Laboratory, Cronulla­

Conncxion or gns 

Meteorological Physics-
Aspendnle Laboratory­

Site development .. 
Electrical outlets .. 
Weighing equipment 
Miscellaneous 
Power line 

Radiophysics.-
Rainmaking Tnvestii:ations­

Purchnse of aircraft 

Treasury Expenditure 

640 

66 
156 

2,799 
246 
716 

71,000 

10,753 

249 

3,011 

640 

3,983 

71,000 

89,636 
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6. MtSCELLANEOUS SERVlCl!S. 

ConLribution to Commonwenlth AgTiculturoJ Bureaux 
Grant to Stand:irds Association of Australin .. 
Contribution to Chair of Aeronautics at University qf 

Sydney (establishment and maintenance) . . 
Grant to National Associntioa of Testing Au~horities 
National Institute of Oceanography 
Minor International Associations 

XXXVI. ACKNOWLEDGMENTS. 

~ 
49,711 
50,000 

5,000 
11,400 
6,269 
1,l75 

12;!,655 

In various sections of this Report reference has been 
made as in previou9 years to the valuable assistance 
afforded by many State Departments, ~miversities, and 

• 

other organizations and individuals, The Organization 
desires to express its gratitude for the help given by these 
bodies and persons in providing laboratory accommoda­
tion and other facilities and in many other ways. The 
Organization also wishes to acknowledge the aS'Sistance 
which it has received from its Committees, the members 
of which have placed their knowledge and experience so 
freely at its disposal. 

I. CLUNIES ROSS, 
F. W. G. WIIlTE 
S. H. BASTOW 
A. W. COLES 
J . MELVILLE 

18th September, 1958. 
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