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COMMONWEALTH OF AUSTRALIA. 

Comn1onwealth Scientific and Industrial Research Organization. 
EIGHTH ANNUAL REPORT FOR YEAR 1955-56. 

I. INTRODUCTORY. 

1. G ENERAL. 

The Commonwealth Scientific and Industrial Research 
Organization was established on 19th May, 1949, when 
the Science and Industry Research Act 1949 was pro
claimed. Under the Act the Organization took the place 
of the Council for Scientific and Iodusrrial Research, 
which in turn had, in 1926, taken the place of the Insti
ture of Science and Industry. 

The powers and functions of the Organization arc 
similar to those of the former Council and include the 
initiation and carrying out of research in connexion with, 
or for the promotion of, primary and secondary industries 
in the Commonwealth or any Territory of the Common
wealth; the training of research workers; the making of 
grants in aid of pure scientific apparatus and instruments, 
and the carrying out of scientific investigations connected 
with standardization, the collection and dissemination 
of information relating to scientific and technical matters; 
and acting as a means of liaison with other countries in 
maucrs of scientific research. 

2. EXECUTIVE. 

Sir Ian Clunies Ross, C.M.G., D.V.Sc., LL.D., F .A.A., 
has been re-appointed as Chairman of the Executive for 
a further period of seven years. 

Dr. F. W. G. White, C.B.E., M.Sc., P h.D., bas been re
appointed as Chief Executive Officer for a further period 
of seven years. 

Mr. A. W. Coles bas been appointed to the Executive 
of the Organization, to fill the vacancy caused by the 
retirement of Mr. A. B. Ritchie, who completed six years' 
service. 

3. ADVISORY COUNCIL. 

The following members retired from Lhe Advisory Coun
cil on completion of their six-year period of appointment:
Profcssor J . P. Baxter, O.B.E., B.Sc., Ph.D .. F .A.A.; Mr. 
D. T. Boyd, C.M.G.; Sir Macfarlane Burnet. M.D., Ph.D., 
F.A.A., F.R.S.; Sir E dward Lefroy; Sir John Madsen. 
B.E., D.Sc., F.A.A.; Professor D. M. Myers, B.Sc., 
D.Sc.Eog.; Mr. G . B. O'Mal1ey, B.Met.E.; Sir D avid 
Rivett, K.C.M.G., M .A., D.Sc., F.A.A., F .R.S.; Professor 
Sir Samuel Wadham, M.A., Dip.Agr. 

The following were appointed as Chairmen of State 
Committees:-

Ncw South Wales-Professor H. R. Carne, D .V.Sc., 
Professor of Veterinary Pathology and Bacterio
logy, Univers ity of Sydney. 

Queensland-Professor W. V. Macfarlane, B.Sc.Agr .. 
M.A., JVI.D., Professor of Physiology, University 
of Queensland. 

South Australia- Dr. A. R. Callaghan, C.M.G., B.Sc., 
D.Phil., Director of Agriculture, South Australia. 

Tasmania-Mr. T. A. Frankeombe, Orchardist, 
Tasmania. 

Victoria-Professor J. S. Turner, M.A., M.Sc., Ph.D .. 
F.A.A., Professor of Botany, University of 
Melbourne. 

Western Australia-Professor W. S. Bayliss, B.A .. 
B.Sc., Ph.D ., F .A.A., Professor of Chemistry. 
University of Western Australia. 

The following new members have been co-opted to the 
Advisory Council:-

M r. M. A. Mawby, D.Sc. (Hon.), F.S.T.C., F.A.A., 
Vice-Chairman of Consolidated Zinc Pty. Ltd. and 
a member of the Australian Aluminium Production 
Commission. 

Mr. W. W. Pettingell, B.Sc., General Manager, the 
Australian Gas Light Company. 

Mr. W. J. Russell, A.CJ.A., Western Australian 
grazier. 

Mr. E. M. Schroder, Managing Director, Adelaide 
Cement Company Ltd. 

t\lr. H. B. Somerset, M.Sc., Managing Director, Asso
ciated Pulp and Paper Mills Ltd. 

Professor A. D. Trendall, M.A., Litt.D ., Master of 
University House, Australian National University. 

Dr. J. Vernon, B.Sc., Ph.D., Senior Executive Officer, 
Colonial Sugar Refining Company Ltd. 

Mr. A. Il. Ritchie, M.A., Victorian grazier, formerly 
a member of the Executive. 

4. H ONOURS AND AWARDS. 

Sir Jan Clunies Ross, Chairman of the Organization: 
1-!onornry Degree of Doctor of Laws, University of Mel
bourne; member of the Council, Australian National Uni
versity, Canberra: member of the Council, Melbourne 
University. 

Professor Sir Samuel Wadham, School of Agriculture, 
University of Melbourne, r etired member of the Advisory 
Council: Knight Batchelor. 

Miss E. L. Archer, former Chief Librarian: Member 
of the Order of the British Empire. 

Mr. r. M. McLennan, General Manager of Broken Hill 
Co. Pty. Ltd. and member of the Advisory Council: Order 
of the British Empire. 

S!r E<lw::rd Lcfroy, a member of the Advisory Council: 
Knight Batchelor. 

1 '1r. W. A. Gunn, member of the Advisory Council: 
Companion of the Order of St. Michael and St. George. 

Dr. E. A. Cornish, Chief of the Division of Mathemati
cal Statistics: President of the Biometric Society. 

IJr. M. J. D. White, Senior Research Fellow, Division 
of Plant Industry: Fellow of the Australian Academy of 
Science. 

Dr. M. F. Day of the D ivision of Entomology was 
elected to the Australian Academy of Science. 

Dr. A. L. Mathieson, Principal Research Officer, Divi
s!on of Industrial Chemistry: degree of Doctor of Science, 
University of Melbourne. 

Dr. M. E. Winfield, Senior Research Officer, Division of 
Industrial Chemistry: degree of Doctor of Science, Univer
sity of Western Australia. 

Dr. D. F. Martyn, Chief Scientific Officer,- Radio 
Research Board: President of the Ionosphere Commission, 
International Union of Radio Science. 

Or. 0. Martin, Officer-in-charge, Tasmanian Regional 
Laboratory: degree of D octor of Science, University of 
T asmania. 

Dr. L. B. Bull, former Chief of the Division of Animal 
Hcnlth and Production: A.N.Z.A.A.S. Mueller Memorial 
Medal. 
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Mr. A. J. Anderson, Senior Principal Research Officer,. 
Division of Plant Industry: 1956 Australian Medal for 
Agricultural Science, Australian Institute of Agricultural 
Science. 

Dr. D. F. Stewart, Officer-in-charge, McMaster Animat 
Health Laborarory: elected President of the Australian 
Veterinary Association for 1955-56. 

Dr. H. W. Worner, Principal Research Officer, Physical 
Metallurgy Section, Chair of Metallurgy, University of 
Melbourne. 

Dr. M. Chaikin, Research Officer, Wool Textile 
Research Laboratory, Sydney: Chair of Textile Tech
nology, New South Wales University of Technology. 

5. RETIREMENTS. 

Professor J. N. Greenwood, D.Sc., M.Met.E., bas 
retired from his honorary position as Officer-in-charge of 
the Physical Metallurgy Section. Professor Greenwood 
had bad a Jong association with the Organization and its 
predecessor, the C.S.I.R., his first work in collaboration 
with C.S.l.R. dating back as far as 1926. 

Mr. E. S. West, B.Sc., M.S., has retired as Officer-in
cbarge of the Irrigation Research Station, Griffith. Mr. 
West bad been on the research staff of the Irrigation 
Research Station since its inception in 1924 and has made 
a major constribution to the solution of the problems of 
the Murrumbidgee Irrigation Areas. 

6. NEW CHIEF. 

Dr. G. F. Humphrey, M.Sc., Ph.D ., has been appointed 
Chief of the Division of Fisheries and Oceanography in 
succession to Dr. H . Thompson, who retired in 1954. 
Dr. Humphrey was formerly Senior Lecturer in Bio
chemistry at the University of Sydney. At the time of 
his appointment the name of the Division was changed 
from Fisheries to F isheries and Oceanography to reflect 
more accurately its scientific activities. 

7 . NEW OFFICER-IN-CHARGE. 

Professor H. W. Worner, D.Sc., M.Sc., has been 
appointed Officer-in-charge of the Physical Metallurgy 
Section. Professor Worner has been a member of the 
staff of the Organization and its predecessor since 1940, 
fust in the Lubricants and Bearings Section, later in the 
Division of Industrial Chemistry, and finally as leader of 
a research group working on titanium in the Physical 
Metallurgy Section. 

8. OVERSEAS VISITORS. 

Much stimulation and help to Australian research was 
given by a number of leading scientists from overseas 
who visited Australia during the year, many of whom 
co-operated with our own research workers on various 
projects. 

The Organization was fortunate to have the following 
scientists from American research establishments working 
in the various Divisions and Sections under Fulbright 
awards:-

Dr. Harlan K. Pratt, Associate Professor and Assistant 
Plant Physiologist, University of California, in the Division 
of Food Preservation and Transport; Dr. Alfred J. Stamm, 
of the United States Forest Products Laboratory, Madison, 
Wisconsin, in the Division of Forest Products; Professor 
L. Ytlrdley Beers, of New York University, in the Division 
of Electrotechnology; Professor Lorin E. Harris, Pro
fessor of Animal Husbandry, Utah, in the Division of 
Biochemistry and Gene.ral Nutrition, Adelaide; Dr. R. T. 
Clark, Co-ordinator, Beef Cattle Breeding Research, 
United St.ates Department of Agriculture, Denver, 
Colorado, in the McMaster Animal Healt11 Laboratory, 
Sydney. 

It is pleasing to note that three senior scientists have 
been working in the Organization's laboratories under the 
Royal Society and Nuffield Foundation Commonwealth 
Bursaries Scheme: 

Professor P. A. Sheppard, head of the Department of 
Meteorology at Imperial College, London, spent four 
months with the Division of Meteorological Physics. Pro
fessor Sheppard also spent some time in the Division of 
Radiophysics to discuss problems in cloud and rain 
physics. 

Mr. M. V. Tracey, Senior Biochemist, Rothamsted 
Experimental Station, United Kingdom, with the Wool 
Textile Research L aboratory, Parkville, in the field of 
biological degradation of cellulose and chitin. 

Professor L. King, a geomorphologist of the University 
of Natal, Durban, South Africa, with the Division of 
Soils to study land formations in the southern States of the 
Commonwealth. 

The following senior overseas scientists also visited the 
Organization:-

Professor F. Went, Director of Earhart Plant Research 
Laboratory, California Institute of Technology, Pasadena, 
U.S.A.; Professor M. G. Kendall , Director, Division of 
Research Techniques, and Professor of Statistics, London 
School of Economics; Dr. C. D. Converse, Officer-in
cbarge, Sabi Valley Experiment Station, Southern 
Rhodesia; Dr. Mansel Davies, University College, Aberyst
wyth, Wales; Mr. J. B. Brooke, Director of the Industrial 
Development Laboratories of the D.S.I.R., New Zealand; 
Mr. J . Christodoulu, an Agricultural Superintendent of the 
Department of Agriculture, Cyprus; Dr. R. Mirams, a 
wood technologist of New Zealand Forest Products 
Limited; Mr. A. J . Semple, Range Management Specialist 
of the Animal Production Branch of the United Nations 
Food and Agriculture Organization; Mrs. Sunanda 
Narayan, of the Wool Laboratory, Rajastan, India. 

Jn ~ddition two groups of distinguished scientists from 
overseas visited the Organization during the year as 
delegates to the Wool Textile Research Conference and 
the Conference of Directors of Building Research (see 
Sections 14 and 15 of this Chapter). 

9. FACILITIES FOR REs£ARCH. 

With current costs so high there is the danger that 
the Organization's laboratories may fall behind in 
facilities for research, particularly in the costly equipment 
which is essential if research staff are to remain leaders 
in their respective fields and make the greatest possible 
contribution to Australian science and technology. 
Although the expenditure on salaries has reflected the 
decreasing purchasing value of the Australian pound, 
tbe expenditure on equipment has faHed to do so. This 
condition is illustrated by a comparison of the ratios of 
expenditure on salaries and equipment over the last ten 
years. Whereas in the Division of Industrial Chemistry 
during 1945-46, 3.4 times as much was spent on salaries 
as on equipment, by 1950-51, the ratio has increased to 
6.5 and has remained at about this level since that time. 
It should be noted that equipment deficiencies which 
arise in tl1is way are cumulative in their effect on the 
standard of facilities provided in a laboratory. This 
trend is, unfortunately, not confined to this Organization; 
throughout Australia, scientific research in the universities 
is being hampered by inadequate equipment, one direct 
result of which has been the loss of many prominent 
chemists to overseas laboratories. The experience of the 
universities proves that it will become increasingly difficult 
to retain top-rank research workers in the Organization, 
unless financial provision can be made to bring equipment 
up to date. 



10. GIANT RADIO TELESCOPE. 

Following Inst year's gift from the Carnegie Corpora
tion, the Rockefeller Foundation of America has now 
made a gift of 250,000 dollars towards the cost of building 
the giant rndio telescope planned by the Division of 
Radiophysics in Sydney. 

With these two magnificent contributions from America, 
generous support received from private donors in Australia 
and U1e Commonwealth Government's offer to match 
all such donations, the Radio Astronomy Trust now bas 
in sight more than £520,000 towards the project. 

Although further contributions will still be necessary 
to complete the construction of this immense scientific 
ins trument, a contract has been let for a design study 
to be undertaken by Messrs. Freeman, Fox, and Partners, 
a lending firm of consulting engineers in the United 
Kingdom. A survey is being made for n site near Sydney 
suitable for the contruction of the radio telescope. 

11. PATENTS CoMMrTTEE. 

In 1954 a Patents Policy Committee was appointed by 
the Executive to examine the Organizat ion's patent policy. 
As the result of the report of this Committee the Executive 
has revised the Organization's policy with respect to 
patents, and has established c\ permanent Patents Com
mittee which is empowered to examine new proposals 
for patents, to review current patents periodically, and to 
decide on the best methods of exploiting the Organiza
tion's patents for the benefit of the Commonwealth of 
Australi:i. Letters Patent granted to the Organization 
both in Australia and overseas during the current year 
have been included in Chapter :XXXV. 

12. TRACER ELEMENTS INVESTIGATIONS. 

It has been decided to discontinue the Tracer Elements 
Investigations as a separate entity at the Chemistry School 
of the University of Melbourne, and the Unit has now 
been disbanded. The Organization is very indebted to 
the University of Melbourne nnd particularly to th.e 
Department of Chemistry for their assistance in pro
viding accommodation for this research team. 

13. CO-OPERATIVE RESEARCH WITH INDUSTRY. 

The newly-formed Industrial Research Liaison Section, 
established to strengthen liaison between the Organization 
and secondary industries, has now completed its first 
year of operation. The report of the Section's work is 
in Chapter XXXII., Section 4. 

Support for the Australian Leather Research Association 
and the Dread Research Institute of Australia bas con
tinued under financial arrangements whereby the Organi
zation makes a couu·ibution to their running costs. 

The Wine Research Institute has now issued its second 
annual report. At the conclusion of the year tbc Institute 
took over the functions of the former Oenolooical 
Research Committee. "" 

Plans have now been completed for support for research 
into problems of the tobacco-growing industry in Aus
tralia, in which the D ivision of Plant Industry has been 
participat ing for some years. As pnrt of the plan the 
Organization, with the support o.f the tobacco industry, 
proposes to establish a Tobacco Research Institute in 
north Queensland, where the main development of tobacco
growing in Australia is expected lo take place. The 
Institute will be established initially within the administra
tive framework of the Division of Plant Industry. Funds 
for the programme are being made available by the 
manufacturers, the growers, and the Commonwealth 
G overnment. The position of Director has been adver
tised and applicants will shortly be interviewed. 
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During the current year negotiations have been effected 
for a number of new sponsored research projects to be 
undertaken on a co-operative basis with industry and 
other establishments. These projects includc-

Jnvcstigations at the Division of Building Research 
sponsored by the Technical Committee of the Paint and 
Varnish Section of the Victorian Chamber of Commerce 
of problems associated with the painting of plaster sur
faces; support by C.S.R . Chemicals P ty. Ltd. for the 
Division of Physics in its work on the problem of 
colour analysis; support by the AustraJian Dairy Produce 
Board 'tor the D airy Research Section to assist in the 
maintenance of a new cheese and casein starter service 
and the construction of cheese maturing rooms; a co
oper:itive project in the Ore-dressing Laboratory, Mel
bourne, with T erritory Enterprises Ply. Ltd., for th!} 
development of a flotation process suitable for the treat
ment of mixed base metal ore adjacent to White's uranium 
ore body at Rum Jungle; investigation in the Ore-dressing 
Laboratory, Melbourne, on the flotation of a base metal 
ore deposit in the Northern Territory for Consolidated 
Zinc Pty. Ltd.; support by the Australian Plywood Board 
for plywood investigations at the Division of Forest Pro
ducts; research a t the D ivision of lndustriaJ Chemistry 
on the extraction of copper from pyritic concentrates on 
behalf of Mt. Morgan Ltd., Mt. Lyell Mining and Railway 
Co. Ltd., Mt. Tsa Mines Ltd., and Peko Mines N.L.; a 
project at the Division of Industrial Chemistry for Rio 
Tinto Co. Ltd. on the recovery of uranium from unfiltered 
pulp. 

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

14. INTERNATIONAL WooL TEXTILE RESEARCH 

CoNFERENCE. 

The International Wool Textile Research Conference, 
organized by the Organization with the co-operation of 
the Australian Wool Bureau and the Commonwealth Wool 
Adviser, was held in August, 1955. The generous finan
cial support of the Australian Wool Bureau, without 
which the conference could not have been held, is warmly 
acknowledged. Fifty-one scientists from ten countries 
overseas attended, in addition to 59 Australian scientific 
workers. Sessions of the Conference were held 
successively at the Wool Textile Research Laboratories 
in Sydney, Oeelong, and Melbourne. 

Among the notable overseas scientists who attended, 
a ll of whom are active in some branch of research on 
wool or other protein material, were Professor W. T. 
Astbury, F.R.S., and Professor J. B. Speakman, of Leeds 
University; Dr. A. B. C. Cassie, Director of the British 
Wool lndustries Research Association; P rofessor J. H . 
Dillon, of the Textile Research Institute, Princeton, N. J.; 
Dr. A. J. P. Martin and Dr. R. L. M. Synge, joint Nobel 
prize winners for their contribution to knowledge of pro
teins; Dr. F. Sanger, F.R.S., of Cambridge University; 
Professor R. B. Corey, of the California Institute o f 
Technology; Professor H enry Eyring and Professor Emil 
Smith of the University of Utah; Professor H. Zahn, of 
Heidelberg University; and Dr. K. I. Lindberg, of the 
Swedish Textile Research Institute, Gothenburg. 

This conference was the first international meeting of 
scientists engaged in research on wool textile and related 
fields of science, and it is fitting that Australia should 
have taken the initiative in organizing a conference on 
a subject which holds such vital importance for her 
economy. Some of the leading overseas delegates were 
so impressed with the opportunities provided by the Con
ference for stimulating scientific research on wool and 



for spreading knowledge of improvements in wool pro
cessing among representatives of the leading wool textile 
manufacturing countries that they have strongly advocated 
the holding of other meetings of this type in the future. 
Only by co-ordinating research in this way can the wool 
interests hope to match tJ1e immense scientific effort being 
devoted to the improvement of some of tbe other textile 
fibres. Tbe papers presenred to the conference are to be 
published in five volumes of Proceedings. 

15. MEilTING OP CoMMONWEl\LTH D IRECTORS OF 

Bun.DING RESEARCH. 

In April the directors of the building research labora
tories of the British Commonwealth and the United States 
of America met in Australia to discuss matters concerned 
with building research. 

Those who a ttended the conference were Dr. F. M. 
Lea, Director, Duild ing Research Station. D .S.J.R., Great 
Britain; Mr. R. F. Legget, Director, Division of Building 
Research, N ational Research Council, Canada; Lt-General 
H. Will iams, Director, Central Bu ilding Research Institute, 
C.S.I.R., fndia ; Mr. N. Stuttcrhcim, Director, National 
Building Research lnstitute, C.S.1.R., South Africa; Mr. 
W. F. Roeser, Consultant to Building Technology D ivision, 
National Bureau of Standards, U.S.A.; Mr. H . A. G. Sani, 
Executive Engineer, Government of West Pakistan 
(observer); Mr. D. \!. Isaacs, Director, Commonwealth 
Experimental Building Station, Sydney; and Mr. Tan 
Langlands. Chief, Division of Building Research, 
C.S.J.R.O .. Melbourne. 

At the meetings which were held a t the Commonwealth 
Experimental Building Station, Sydney, and at fue Division 
of Building RescMch, Melbourne. there was informal dis
cussion of curr.!nt research programmes and an exchange 
of ideas on matters of mutual interest in the field of 
building research. 

16. COLLABORATION WITll T11E U N l VERSITIES. 

The work of the Organization performed by units 
within the Universi ties is described in the appropria te 
sections of this report. H owever, during the year a 
number of new arrnngements were made with the 
Universities. 

The Organization's Ore-dressing Laboratory in Mel
bourne moved into the new building of the D epartment 
of Mining, University of Melbourne. T he erection of 
this building was partly financed by the Organization. 

T he high-speed electronic computor, C.S.I.R.A.C., con
structed in the Division of Radiophysics, has been trans
ferred on loan to the Department of Applied Mathematics 
of the University of Melbourne where the instrument is 
now in use. 

Arrangements have been finalized with the University 
of Queensland for the establishment of two Research 
FelJowships in Parisitology. 

A section of the Organization's work on absorptjon 
spectroscopy is to be undertaken at the Chemistry Depart
ment of the University of Western Australia. In addition 
the marsupial research work of this University's Zoology 
D epartment is to be supported. 

The U niversity of Sydney has collaborated with the 
Organization in investigations of fruit fly, nitrogen meta
bolism, and subterranean clover in the New England 
District. Assistance has also been given by the University 
of Adelaide with the work on the biological effects on 
sheep of phenotbiazine, and by the University of Mel
bourne in pl11nt biochemistry investigations. 

T he Organization wishes to acknowledge the assistance 
it has received from the Universities in these co-operative 
research projects. which are such a necessary part of its 
work. 
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17. SCIBNCE ANO }NOUSTRY ENDOWMENT FUND. 

D uring the yeM the Executive, as Trustees of the Scien~e 
and Industry Endowment Fund, awarded grants to assist 
research workers as follows:-

Mr. Tarlton Rayment, for entomological w~rk on, bee~ 
and wasps; Mr. A. W. P arrott, for ta.xonom1c worK on 
Australian parasitic wasps; Mr. N. V. Dobrotworsky, ~or 
work on the systematics and ecology of the Australian 
mosquito; Mr. D . G. Morgan, for a study into techniques 
of bird population sampling; Dr. D. J. Pearson, for work 
on the comparative anatomy and embryology of mar
supials. In addition, Miss Cory! Skewes was given ass!st
ance towards systematic botanical research work being 
undertaken at the Royal Botanic Gardens, Kew. 

Two travel grants were made during the year. These 
were to Dr. W. A. Wood to enable him to attend the 
Conference on the Failure of Metals by Fatigue :in 
America, aod to Mr. E. B. Bond, who attended the 
lntemational Symposium on Cereal Grains, held in New 
York. 

During the year a studentship was awarded to Mr. 
N. W. Moore to enable him to study the physiology of 
reproduction under Dr. Mann at the University of 
Cambridge. 

18. OVERSEAS VISITS, FELLOWSHIPS, ANO STUDENTSHIPS. 

Officers of the Organization represented Australia at a 
number of important overseas scientific conferences during 
the year. These included the Third International Meeting 
on the Reactivity of Solids, Madrid; the Symposium of the 
lnternational Union of Crystallography, Madrid; the Inter
national Commission of Optics, Massachusetts; the Inter
national Whaling Commission Conference, London; tbe 
World Symposium on Applied Solar Energy, Arizona; 
Meeting of the International Astronomical Union, Dublin; 
the United Nat ions Conference on the Peaceful Uses of 
Atomic Energy, Gencvn; the Fourth National Clay
minerals Conference, P ennsylvania; and the Sixth Meeting 
of the lndo-Pacific Fisheries Council. 

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

D uring the year a number of officers were sent overseas 
for periods from two to twelve months to collect informa
tion on new developments in scientific research and to 
acquire general experience in their particular fields. In 
addition four officers went overseas at the invitation of 
ovcrse:is universities and other research organizations for 
consultations concerning special aspects of their work. 

Nine Australian students were given awards to enable 
them to undertake research training at overseas universities. 
One overseas studentship was awarded from the Science 
and Industry Endowment Fund, and four Divisional 
studentships were awarded to officers of the Organization 
to enable them to undertake training overseas. 

Twenty-four post-graduate studentships were awarded 
at Australian Universities and one studentship was 
awarded to a post-graduate student from the United 
Kingdom to enable him to undertake work in Australia. 

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

l 9. BUILDINGS /\ND ACCOMMODATION. 

During the year the following buildings were 
completed:-

New South Wales-
Camden-Complction of "Harben Vale" for 

Radio Research Laboratories. 
" Chiswick "-New bnchelors' quarters at field 

station. 



Cronulla-Small radjochemistry annexe for Divi
sion of Fisheries and Oceanography. 

Gosford-Extension of laboratory and new fruit 
fly annexe. . . 

Prospect-Climate control butldmg. 
Ryde--Main laboratory for Wool Textile Research. 
Sydney- Extension of Zoology School ac Univer-

sity for animal genetics. . 
Subdivision of dead room, National Standards 

Laboratory. 
Plating shop for National Standards Laboratory. 

South Australia-
G Jenthorne-Experi men ta 1 

building. 

Western Australia
Kelmscott-Glass-house. 

fodder preparation 

Kojonup-Residence for Officer-in-charge, "Olen 
Lossie ". 

Victoria-
Fishermen's Bend-Industrial Chemistry Work

shop. 
Hjghett-Store for Head Office. 

Store for Division of F orest Products. 

T he following projects are in course of consl ruction:

Australian Capital T crritory
Canberra-Air-conditioned insectary for D ivision 

of Entomology. 

New South WaJes
Prospect-Animal House No. 1. 

Tasmania-
Hobart-Food Preservation annexe at "Stowell ". 

Victoria-
Aspendale-Main building and wind tunnel car

pentry shop for Meteorological Physics. 
Highett-Workshop for Engineering Section. 
Parkville- Physical chemistry laboratory for Wool 

Textile Research Laboratory. 

20. FINANCE. 

Chapter XXXVl. gives details of the expenditure of 
£6,266,234 incurred during 1955-56 by the Organization 
from all funds at its disposal. The major portion of this 
i.um was derived from the Commonwealth Treasury
£4, 7 16,3 I 3 was expended in connexion with normal 
research activities, £ t 00,431 on grants to bodies such as 
the Commonwealth Agricultural Bureaux, and 10,738 on 
cnpital works under the control of the Organization. The 
remainder was expended on investigations financed from 
contributions, viz. £873,451 from the Wool Research 
Trust Account. £3 17 ,885 from the Wool Industry Fund, 
£74,534 from miscellaneous receipts, and £172.882 from 
grants including special revenue. Certain 01her expendi
ture was incurred by the Commonwealth D epartment of 
Works on building projects for the Organization from 
funds controlled by that Department. Transactions for 
rentals and acquisition of sites and buildings were arranged 
Crom funds made available to the Department of the 
Interior for expenditure on behalf of the Organization. 

The Organization is particularly gratified by the way 
in which various bodies continue to support it, and by the 
marked interest evinced by certain sections o( industry 
which have provided donations for co-operative research. 
Among the many contributions received, reference may be 
made to those of the Commonwealth Bank of Australia 
(through the Rural Credits D evelopment Fund), Aus
tralian Meat Board, Australian D airy Produce Board. 
Australian Wine Research Institute, Australian Egg Board, 
the Queensland Meat Industry Board, the New South 
Wales Department of Agriculture, the New South Wales 
Waler Conservation and Irriga1ion Commission, the 
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Metropolitan Meat Industry Board of New South Wale~, 
Burdckin Bequest, the Alexander Fraser Memorial Fund, 
the Commonwealth Dried Fruits Control Board, the dried 
fruits in<lustrv. Australasian Institute of Mining and 
Metallurgy, State Electricity Commission of Victoria, 
Australian Cement Manufacturers' Association, the wool 
textile industry, the timber industry, and the pulp and 
paper industry. 

21. ORGANIZATION. 

Por the purpose of carrying out its research work the 
Organization has established a number o[ Divisions and 
Sections. The Divisions, of which there are now 17, 
comprise the major establishments, which may be further 
subdivided into Sections; there are also 19 independent 
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 designa
tion as Divisions. 

rn the present Report an attempt has 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 par
ticular D ivision lo be reviewed as a whole. 

As the Organization's investigations extend on a Com
monwealth-wide basis and as many of the investigations 
which are being conducted-particularly those concerned 
with problems affecting the agricultural and pastoral indus
tri..!s-necessitate experimental work in the field, a number 
of branch laboratories and field stations have been estab
lished in various parts of Australia. 

The Head Office of the Organization is in Melbourne 
anJ associated with iL are the Organization's Central 
Library, Agricultural Research Liaison Section, Industrial 
Research Liaison Section, Films Unit, and Editorial, Pub
licalions, and Translation groups. The Organization also 
maintains Australian Scientific Liaison Offices io London 
and Washington. 

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

P/n11t Industry, with head-quarters at Canberra and 
main laboratories at Canberra and Brisbane, 
regional laboratories at Perth. Hobart, and Denili
quin, New South Wales, and field stations and 
experiment farms at Canberra, Australian Capital 
Territory, Lawes and Applethorpe. Queensland, 
Trangie, New South Waies. and Kojonup, Western 
Australia. 

Entomology, with head-quarters and main laboratories 
al Canberra, a ~maller laboratory in Sydney, and 
field stations at Trangie, New South Wales, Rock
hampton, Queensland, and Perth. 

Animal Health and Production, witb head-quarters in 
Melbourne and main laboratories in Melbourne, 
Syuney, Prospect, New South Wales, and Brisbane; 
:tncl field stations at Armiclale and Badgery's Creek, 
New South Wales; Cunnamulla, Amberley, 
" Belmont", and Rockhampton, Queensland; and 
Werribee and Tooradin, Victoria. 

Biochemistry and General Nutrition, with head
quarters at Adelaide and field stations at O'Halloran 
Hill, Robe, and Brecon, South Australia. 

Soils, with head-quarters and laboratories at Adelaide, 
anti branch laboratories at Perth, Canberra, Bris
bane, Melbourne, and Hobart. 

Forest Products, Melbourne. 

Food Preservatio11 and Transport, with head-quarters 
.ind main laboratories at Sydney, branch labora
tories in Brisbane and Hobart, and minor labora-
1 ories at Gosford. New South Wales. 



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

Metrology, Physics, and Electroteclmology, comprising 
together the National Standards Laboratory, 
Sydney. 

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

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

Tribophysics, Melbourne. 
Building Research, Melbourne. 
Mathematical Statistics, Adelaide. 
Meteorological Physics, Melbourne. 

The following are the Sections:-
lrrigation Research Stations, at Merbein, Victoria 

(Murray Irrigation Areas), and Griffith, New South 
Wales (Murrumbidgee Irrigation Areas). 

Radio Research Laboratories, with head-quarters at 
Camden, New South Wales, and laboratory in 
Sydney. 

Plant Fibre, Melbourne. 
Ore-dressing Investigations, Melbourne and Kal-

goorlie, Western Australia. 
Minergraphic Investigations, Melbourne. 
Dairy Research, Melbourne. 
Coal Research, Sydney. 
Physical Metallurgy, Melbourne. 
Wildlife Survey, with head-quarters in Canberra and 

field stations at Perth, Albury, New South Wales, 
and Woodstock, Port Hedland, Western Australia. 

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

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

Land Research and Regional Survey, with head
quarters in Canberra and field stations at Alice 
Springs, Northern Territory, Katherine, Northern 
Territory, and in the Kimberley region, Western 
Australia. 

Agricultural Research Liaison, Melbourne. 
Animal Genetics, Sydney. 
Engineering, Melbourne. 
Industrial Research Liaison, Melbourne. 

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

Tasmanian Regional Laboratory, Hobart. 
Western Australian Regional Laboratory, Perth. 

II. SOILS. 

1. GENERAL. 

Scientific appreciation of Australian soils is basic to any 
proper land use. The efficient development and use of 
land resources to meet expanding national and world 
requirements-improvements in farming methods, more 
intense cultivation, the understanding of fertility problems 
of immense significance in Australia, and soil conservation, 
all require a fundamental knowledge of the soil. 

The Organization's research in this field is undertaken 
by ~e Division of Soils with bead-quarters at the Waite 
Agricultural Research Institute, University of Adelaide. 
Work on soils with special reference to their behaviour 
under irrigation is undertaken at the Commonwealth 
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Research Station (Murray Irrigation Area), Merbein, Vic
toria, at the Irrigation Research Statioo. (Murrumbidgee 
Irrigation Areas), Griffith, New South Wales (see Chapter 
IV., Sections 2 and 3), and at the Regional Pastoral 
Laboratory, Deniliquin, New South Wales (see Chapter 3). 

Division of Soils.-The Division is having difficulty in 
obtaining research staff particularly for work in pedology 
and chemistry. 

During the year through an arrangement with the 
University of Adelaide the Division's Clay Mineralogy 
Section was accommodated in new laboratories in the 
Geology Department. 

Assistance bas been given in University teaching in soil 
science where officers have given short courses of lectures 
in the Agricultural degree course and in soil mechanics 
in a Civil Engineering course. These with the research 
programme have promoted good understanding and given 
grounds for co-operation. Relations with F.A.O. and the 
Colombo Plan programme have been maintained, and 
with the latter instruction and working programmes given 
to students and Asian visitors. 

2. SOIL SURVEY AND PEDOL OGY. 

(Division of Soils.) 
(a) Western Australia.-On the coastal plain the field 

work for the detailed soil survey of the Pinjarra-Waroona 
area of 140,000 acres was completed during the year, and 
a report and soil map are being prepared. A Soils and 
Land Use Report on an area of 20,000 acres at Harvey 
is now ready for submission. The data from the surveys, 
together with that from reconnaissance traverses at other 
selected points, form the basis for the pedological study 
of the coastal plain south of Perth. The characteristics of 
the soils, both field and laboratory, and their distribution, 
related to modern geomorphological concepts, indicate a 
definite relative age sequence. From the foot of the 
Darling Scarp an alluvial plain slopes gently westwards, 
and it is on this that the oldest soils, probably of late 
Pliocene age, are found. Superimposed on this surface 
are more recent alluvial deposits associated with past or 
present stream courses. Further to the west the older 
alluvial plain is overlain by the coastal sand dunes, the 
younger of wbich, nearer the sea, are highly calcareous, 
becoming progressively less calcareous with progress inland 
to the older dunes. 

Work on the soils of the wheat belt has been continued 
in the York area. Detailed survey near Kauring last year 
indicated the nature of the mid Tertiary surface still 
preserved there, and the relationship between soils and 
topography on it. Further detailed work has now been 
commenced in the Avon Valley and the higher ground 
to the east, where the mid Tertiary surface has been 
e.xt~nsively truncated and dissected. In addition, a pre
hnunary reconnaissance bas been made in the Merredin 
area, where a pedological study of the soils of the drier 
part of the wheat belt is due to begin. 

In the Great Southern District revision and correlation 
of work previously carried out in the Mount Barker
Cran?r~ok area have been continued and a new soil 
assoc1.at10n map covering 900 square miles has been 
compiled. 

(b) South Australia.-AU the field work and in large 
part the land use reports for the Barossa District survey 
have been complete~ and await publication in four parts. 
'J'.he reports,. followmg that of the Nuriootpa area pre
v10usl~ pubhshed~ t~gether. represent a very full study of 
th.e s01ls of !he district which is the most important single 
:-vme-p~oduci?g area in Australia. They cover the follow-
10~ uruts:-(1) the. Nuriootpa area (see C.S.l.R.0. Soils 
an . Land Use Series No. 13 (1954)); (ii) the Angaston
Spnngton and Tanunda Creek-Trial Hill areas; (iii) the 
Greenock-Gomersal area; (iv) the Tanunda-Williamstown 
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area. The soil map for the whole Barossa District show
ing the distribution of the major soil groups has been 
compiled and virtually completes the work except for a 
later pedological discussion. Data for a memoranaum 
on soil and climatic factors in relation to wine type and 
quality were obtained from the Barossa studies, and have 
proved of value to those responsible for the future research 
of the Wine Research Institute. 

The survey of the area around Lakes Alexandria and 
Albert, South Australia, progressed favourably during the 
year. This region bas available large supplies of fresh 
water which might be used for some irrigation. Studies 
have been made of soil salinity and irrigability, and the 
classification and correlation of the soil groups have been 
carried out. The survey will provide much needed basic 
data concerning the soils and their potential under rain
fall conditions as well as the desirability of their more 
intensive development under irrigation. 

The investigations at Yudnapinna Station in the north
western pastoral country, commenced in 1954, were con
cluded this year. A reconnaissance soil survey of the 
entire property of about 1,300 square miles and five 
separate detailed surveys totalling about 10,000 acres were 
made. A number of infiltration trials were conducted on 
typical soils. Rain gauges were installed on several dam 
catchments and water intakes were measured at these dams 
after rains in order to obtain run-off data. The report of 
the Yudnapinna investigations now completed includes an 
analysis of the available climatic data, a brief description 
of the physiography and geology, an account of the vegeta
tion, descriptions of and a map showing distribution of 
soil types and soil associations, and a presentation and 
discussion of the data relating to soil water, infiltration, 
and run-off. 

During May and June some reconnaissance exami11ations 
0f the soils in the far north-west of South Australia were 
made in order to compare the soils and landscapes with 
those previously studied at Yudnapinna. It is hoped that 
these comparisons will assist in the solving of certain 
pedological problems which were manifest there and will 
lead to a better understanding of this arid portion of 
Australia generally. Following a request from the Depart
ment of Interior a number of aboriginal reserves are to 
be inspected in the Alice Springs area before the close 
of the main reconnaissance. 

A soil map and report for the Tatiara district in the 
upper south-east, surveyed earlier, have now been com
piled for publication. In connexion with investigations by 
the Soil Physics Section (see Section 4 (b)} a recon
naissance inspection of an area south-east of Meningie 
was made in the first place to determine the local soil 
(eatures and the problems involved in the soil moisture 
investigations, and to select experimental sites. In County 
Grey, a recent reconnaissance soil survey of 2,044 square 
miles, completed in periods totalling ten weeks of field 
work, represents the latest approach to such broad map
ping using data from detailed surveys as a working basis. 
The report from this survey will furnish an up-to-date 
account of the soils and land use in a most productive 
part of South Australia. It is expected that a more 
accurate soil map of south-eastern $outb Australia will 
be completed within two years following this principle, 
as a large amount of information on unit areas is 
available. 

(c) Tasmania.-The regional sul'Vey- which bas as its 
objective a new soil map of Tasmania has been continued 
with the addition of units in the Buckland, Snow Hill, 
and Tooms rectangles. This year a series of Divisional 
Reports hus been initiated, under the general title 
" Rec?nnaissf\nce Soil Map of Tasmania ". Each report 
contains one sheet of the map, representing an area of 
approximately 420 square miles at a scale of one inch to 
one mil~. Brief outlines of the soil groups and of their 

present and potential use are given. Three reports of the 
series have been issued this year. 

In the Launceston Basin a further study bas been made 
of the evolution of the landscape to its present form. 
The area offers good possibilities for the correlation of 
land surfaces with phases of the Pleistocene epoch and 
of the ages of these surfaces with the degree of profile 
development of soils upon them. It is this part of the 
State which has the largest extent of soils climatically and 
topographically suited to the development of systeOl,l! of 
agriculture using spray irrigation on a comparatively small 
scale as a supplement to the natural rainfall. 

Field work for the survey of the Burnie-Table Cape 
area bas been completed and a report is in preparation. 
Recent work by the Department of Agriculture has con
firmed the earlier indications of a widespread deficiency 
of cobalt in the basaltic soils. Preliminary analyse& of 
soils and the parent rock indicate that though the basalts 
are well supplied with cobalt, the majority of it is removed 
in the processes of soil formation. Further studies of the 
cobalt status of these soils are needed, as also is lll1 
assessment of the relative cobalt status of the various 
groups of basaltic soils defined in soil surveys both in this 
area and elsewhere in the State. 

(d) South-east Region.- Field work has been carried 
out in several districts with emphasis more on an under
standing of the principles governing soils properties and 
distribution, rather than mapping the full detail of soil 
series or associations. 

lu the Riverine Plain of south-eastern Australia a theory 
of depositional layers of water-laid or wind-blown origin 
bas been developed which is proving of considerable value 
in solving problems in irrigation, salinity, and waterloggiog 
common in that region. The study now completed in the 
Griffith-Yenda district bas shown the relation between soil 
origin, depositional layers, and irrigation. The same 
principles apply to the Lower Murrakool, an area proposed 
for irrigation in New South Wales near Swan Hill and 
currently being surveyed. The soils have been formed in 
part on the sand dune systems, and in part on Riverine 
Plain materials. Pama (loess-like material) is distributed 
over most of the area. Erosive phases in the past have 
had a marked effect on the pattern of variability of the 
soils. This study is still in progress. 

Near Canberra the study of terraces and the soils 
developed on them has progressed to the point where the 
theory of origin and details of character can be stawd. 
As a specific case depositional layers in the Lyneham
Dickson section of Canberra City are being shown as 
rel~ted to t~e suitabi~ty of the area for a housing project. 
Th1s wor~ is proceeding and reveals several highly plastic 
layers which are old buried soils in the country, and these 
are likely to be highly significant for the purpose in 
hand. 

A reconnaissance of the south coast region in New 
South Wales has been made, defining the soils and 
landscapes from Port Hacking to Narooma. There is a 
great variety of soils here, their characteristics being 
gover!1ed largely by age and by parent rock type; age in 
turr~ .1s related to landscape. There is a great diversity in 
fertility also among them, and further study in this regard 
should be f11cilitated by the primary survey. This region 
appears capable of a great deal more useful development. 

A reconnaissance of the soils of the Wagga District jn 
New South Wales has been commenced. This district 
is central to the south-western wheat-growing areas, anc;I 
tllese studies in soils and landscape may serve as a useful 
basis for parallel investigations in soil fertility. 

The work in soil microscopy is continuing and being 
developed to study some of the problems of soil processes 
and micromorphology. Studies have been completed on 
tbe effect of oriented clay on soil aggregate breakdown 
and soil copsistence, and nlso on the experimental develop
ment of oriented clay in soil materials. Mineralogical 



and fabric studies on soils from Tasmania, Queensland, 
and South Australia have been made as a service to soil 
workers in Utose studies. 

(e) Queensland Region.--Soil and Land Use Repor~s 
.:nd maps covering the Darling D owns project (approxi
mately 1,100 square miles) have been prepared for 
publication. To assist interpretation of the soils for the 
pedological report now being compiled, clay fractions of 
the more interesting red and black soils have been 
examined by the Division's Mineralogy Section. 

By the end of the 1955 season the regional soil survey 
had covered 26,000 square miles comprising the southern 
half of the Brisbane sheet, Australian Geographical Series 
maps. A report and map covering this unit are in 
preparation. Most of the important groups of Queensland 
soils arc represented in the area which includes, in the 
south-western corner, several thousand square miles of 
heavy clay soils of the brigalow country. These lands 
consti tute one of the most important under-developed 
resources of the Stale, having a high potential for sheep 
raising and extensive cropping. 

A detailed soil survey has been made of 140 acres of 
the Commonweallh Scientific and Industrial Research 
Organization's Samford Experiment Farm to define tile 
soil pattern for experimental purposes. In general the 
soils :ire very variable in character and the soil pattern 
is a complex one. Several types contain considerable 
amounts of ft:rro-manganifcrous nodules. Mapping of 
another Commonwealth Scientific and Industrial Research 
Organization experimental area in the coastal lowlands 
north of Brisbane will be completed shortly. 

(f) Norrhem Australia.- An officer of this sec tion has 
been seconded to the Land Research and Regional Survey 
Section for extensive survey work in New Guinea and 
North and Central Australia. 

3. SOIL CHEMISTRY. 

(Division of Soils.) 

(a) Peclolo9ical St11dies.-The chemical study of the 
interrelationships of terra rossa and rendzina soils of South 
Australia has been completed and written up for publica
tion. Because the rnngc of values for any characteristic 
of one group overlapped that for the other it was con
sidered that the$e two groups of soils form part of a 
continuous sequence with a steady progression in colour 
from black to red on one hand and black to grey on 
the other. This sequence could be subdivided into red, 
brown, grey. or black members in a manner analogous 
to the subdivision of podzolic soils. Jt was therefore 
suggested that all profiles having a shallow to moderately 
shallow solum and no marked textural differentiation 
throughout, and overlying calcareous material, be 
designated terracal, with a qualifying term to describe 
particular profiles, e.g., red tcrracal. brown terracal, black 
terracal. Similar soils from other parts of the world are 
now being examined to sec whether these conclusions 
apply generally. 

(b) Geoclzemistry of Soils.-Geochemical work has 
begun in attempting to relate certain soils of the south
east of South Australia to the underlying volcanic materials 
from which they have been formed. At present the older 
volcanics of the M t. Burr Forest are being studied. The 
distribution of eighteen elements il1 the parent materials, 
soil profiles, and the clays separated from different 
horizons of these profiles is being examined by speetro
chemical and chemical methods to determine their redis
Lribution under the influence of the different processes 
of soil formation. The use of total zirconium (determined 
spectrochemicnJly) as an index of weathering has enabled 
some broad trends to be discerned, but full interpretation 
is hampered by Jack of homogene ity in some profiles and 
possible movement of zirconium down the profile. The 
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mode oI transfer of essential nutrients from the weather
ing luff lo the overlying sands is being studied. This 
is of importance in the nulrition of the pine forests. 

(c) Spec:trochemical Jnvestigations.-Tbe study of the 
distribution of trace elements in red-brown earth profiles 
has been continued. From an examination of the distribu
tion of the individual elements in the profile and the varia
tion of these elements between profiles it was shown that 
the six elements s tudied could be arran ged in order of 
decreasing mobility in these soils, namely, cobalt, copper, 
gallium, vanadium, molybdenum, manganese. This order 
was confirmed in one profile in which it was possible to 
compare the amounts of the clement in the weathering 
shale (parent material) with the amounts in the overlying 
soil. 

In any one profile the concentrations of each element. 
except manganese, were correlated with the clay contents 
of the horizons. However, considering the surface hori
zons of all profiles only gallium, vanadium, and molyb
t.lenum cou ld be correla ted wi th the amount of clay. 
During the course of this work it was established that 
no significant loss of these clements occurred when the 
clay was given mild chemical treatment during its disper
sion and separation from the soil. 

T here is now considerable confidence in the techniques 
developed for the spectrochemical analysis of refractory 
materials such as soils and plant ash, and the precision 
and accuracy of these methods have been established. 
Jn their current form the techniques are now being written 
up in detail for publication. Three methods of control 
of arc current in excitation of mineral powders are 
commonly used in spectrographic laboratories but their 
relalive efficiencies bad never been precisely assessed. 
Continuous manual control of the arcing current and 
" initial adjustment without further control" gave the 
same precision in analytica l results for elements of low 
and medium volatility. However, continuous control gave 
increased precision for non-volatile elements. During 
the course of this work it was noted that the ratio of line 
intensities for copper ant.l silver was less reproducible with 
continuous current control. Results such as this indicate 
that good practices in me tallurgical spectrography arc 
not neccssurily sound for the analysis of mineral powders. 
It was also noted that the volatilization curve for man
ganese. determined by the conventional procedure from 
an arc line. differed from that determined from a spark 
line. This indicated that the volatilization curve does not 
represent the manner in which the element enters the 
~u·c t.lischargc, as has been generally assumed. 

A great improvement has been effected in the arcing 
of simdy soils by the addition of a small amount o f 
potassium sulphate. Addition of as little as one fifth 
of the sample weight gave satisfactory excitation; 
variability was g reatly reduced and there was no noticeable 
effect on the limits of detection of the elements of interest. 

(d) Uptake of Micro11utrie11t Metals by Plants.
Experiments have continued on the residual value of some 
oxides of manganese to oats. It was found that the 
residual value of a highly available manganous mansranite 
was greater and more persistent in one soil under alkaline 
con~itions than in the. same soil at pH 6-6.5. This may 
be mterpreted as evidence for a fixation mechanism 
involving reductio11 and reoxidation rather than one 
rcsu~ting from aging of oxide structures, as bas been 
previously suggested. Such a mechanism would also 
explain why ruanganous sulpha te added to a soil of the 
type used has a lower immediate value and lower residual 
va ~ue tban the equivalent amount of some precipitated 
oxides. 

(e) P_ltysical Chemistry of the Soil. (i) Soil pH 
Mec/1~m~ms.~Tbe c~mmonest single determination made 
on soils _is. their reactton (pH) denoting degrees of acidity 
or alkal inity. The measurement of pH is controversial 
and fundamental work is necessary to clarify ideas on th~ 



mechanisms involved and define what is being measured. 
The following researches have been carried on with 
these objects in view. 

Work on ion exchange-pH relationships has been done 
both in Adelaide and at Wageningen, Holland, during an 
overseas visit by the officer concerned, to elucidate 
further the processes involved in determining the pH of 
a soil. 

Dialysis of sodium · saturated soils against hydrogen 
saturated ion-exchange resin bas been used to secure a 
range of acid soils without the production of an accom· 
panying salt, and additional experimental data have 
been obtained from dialysis studies Oil these. lll acid 
dialysates the amount of silicon released into solution 
was not clepelldent Oil the quantity of sodium in solutioll 
nor on ihe amount of exchangeable sodium in the soil. 
Neither was there any relationship between the amounts 
of sodium in the dialysates and their pH. In acid 
dialysates, however, the pH and the silicon in solution 
were dependent on one another in a way which varied 
slightly wi th the concentrations of the soil suspensions. 
In alkaline dialysates the silicon in solution, after a sudden 
drop at pH 7 to about one-sixtb of its value in the acid 
dialysates, remains at a con.slant value of about 3 x 1()--0M 
up to about pH 10. After this the quantity of silicon 
in solution increases in a similar way to that predicted 
by calculations from the first and second dissociation con· 
stants of silicic acid. 

(ii) Exchangeable Jon Equilibria in Soils.- In most 
pcdological studies a knowledge of the ion-exchange 
capacity and exchangeable hydrogen is most important, yet 
there is no generally acceptable defillition of these 
quantities among soil workers. Investigations into the 
calcium hydroxide-nitrophenol and alternative buffer 
systems witll pH values llear 7 have shown that experi· 
mentally determined values for exchangeable hydrogen 
to pH 7 varied within rather wide limits depending on 
the valency of the cation and the concentration of the 
solution. Since the choice of a technique is arbitrary it 
may well be decided by its suitability for inclusion in a 
comprehensive system of exchange analyses. For this 
the use of an unbuffered equilibrating solution is attrac
tive. The titration of the residual alkali at equilibrium 
is simple and accurate. For preliminary work, ammonium 
chloride with a small excess of ammonia is being used, 
and a tentative method has been worked out. The net 
negative charge on the soil colloids at the final eq uili
brium pH can be determined within limitations for 
which a solution is being sought. The technique bas 
given good results for cation-exchange resins and soils. 

(f) Rainwater Studies.- Analysis of samples of rain
water collected in association with the Soil Conservation 
Authority of Victoria and of others from South Australia 
has continued, and the pattern of variation in composi· 
tion with season and with distance from the coast is 
becoming clear. In connexion with the studies of the 
accession of soluble materials to the surface of soils, two 
lagoons in the Barossa District of South Australia have 
been studied. Samples of water have been collected and 
analysed at fhontWy intervals, and at the same time the 
levels of the lagoons have been recorded. Work on the 
balance between material brought in by raiu and that 
lost by drainage is being continued in other areas where 
river gaugiogs are available. 

(g) Miscellaneous.- Miscellaneous investigations have 
included the analyses of soils from the Adelaide Hills 
for their iodine content, the study of changes in the salts 
and exchangeable cations in the soil used for a rice cultiva
tion experiment, the examination of samples obtained 
from deep bores associated with the King-street-South 
Melbourne bridge, and the examination of soils from the 
Mount Crawford Forest in connexion with the poor 
growth of pines. 
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Merhods of allalysis have continued to receive critical 
attention. Improvements have been effected in the 
determination of small amounts of sulphate by back 
htration of excess barium with etbylenediaminetetra
acetate, and an alternative method for the determination of 
free ferric oxide in soils has been examined. Flame photo
meters. have been further studied. Their stability has been 
increased, and illterferences from other elements have 
been considerably reduced. Dw·ing the year a Christy 
and Norris impact mill was modified to make it entirely 
suitable for grinding plant samples without introducing 
anv iron contamination. It is now possible to determine 
copper, molybdenum, iron, and other trace metals in the 
same sample. 

(h) Queensland Region.- Researcb work has centred 
entire!)' on some chemical properties of illuvial podzol 
horizolls. The extraction of organic matter from this 
type of soil with organic reagents bas been examined in 
so me detail. The proportion of total organic matter 
extracted with acelylacetolle varies with the soil, but 
averages 70 per cellt. Extraction is accompanied by 
varying amounts of iron and aluminium of which some 
originates from hydrous oxides or clay minerals and some 
is responsible for holding the orgao.ic matter insoluble in 
the soil profile. It bas been shown that the metal-organic 
matter bonds are probably ionic in character. Potentio
metric titrations of acetylacetone-treated extracts, in 
presence of iron, aluminium, or copper, show no evidence 
of chelate formation. Some results indicate that iron 
may be less important than altuni.ruum in the illuviation 
process, and further work on this aspect is in progress. 

(i) South-east Region.-The principal research bas 
concerned soil phosphorus. Several compounds of iron 
and aluminium with phosphate have been prepared in the 
laboratory under varying conditions and these are being 
examined by optical and X-ray techniques and their 
physico-chemical properties determined. Some of these 
compounds have also been examined in regard to their 
capacity to supply phosphorus to plants. The adsorption 
of phosphate on the surface of iron and aluminium oxide 
concretions and films in soils is also being investigated. 
A more sensitive method for the determination of 
extremely sn;iall amounts of phosphate has been developed. 

Geochemical work Oil soil profiles of the alpine humus 
group l1as revealed some interesting differences in ultimate 
weathering of felspathic minerals proceeding from higher 
to lower levels of the landscape following a progression 
to podzolic soil types. 

(j) Western Australian Region.-More complete know
ledge of the characteristics of soils derived from lateritic 
formations has been sought in recent years. Analytical 
data on the chemistry of thirteen typical lateritie soils 
have been assembled. Co-operative work by the Depart
ment of Physics, University of Western Australia, Oil clay 
mineral composition by X-ray methods has reached 
finality. · These represent the first full study of a large and 
diverse group of lateritic soils in Australia, 

4. SOIL PHYSICS. 

(Division of Soils.) 
(a) Field Measurement of Water Content of the Soil.

A method using neutron scattering as a function of soil 
water content has been used lo follow seasonal soil 
moisture changes for almost two years, with good success. 
The technique still needs to be improved to enable 
measurements to be made near the surface of the soil. 
I~ is probable that this can be done and work is being 
directed to that elld. A paper has been published, which 
sho"".s that calibration of the instrument may be helped 
co1~s1der~bly. by a resort to neutron diffusion theory. 
T~1s caltbral!Oll .refers to the probe (and neutron source) 
bemg enclosed m an effectively infinite medium. For 
measurements near the surface of the soil this calibration 
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is not val1d, anel cahbration to suit the geometry of a 
semi-infinite medium will be attempted. 

A satisfactory mobile uni t has ~een designed . ~Y. t~e 
South Australian Department of Mmes to the D1v1s1on s 
specifications. 

(b) M easurement of Evaporative Losses from Soil.--:
In development of the upper south-east of South ~ustralia 
the question has been raised wbe~her ~he _evaporation from 
the present natural heath vegetatl?n is different from that 
to be expected when the land is clear7d and sown to 
pasture. The supplies of stock water rn the test area 
come from underground shallow aquifers, apparently fed 
by drainage from the small excess of rainfall over evapora
tion in the winter months, and it is important that these 
supplies should be recharged seasona!ly. Therefore 
measurements are being made on the soil water storage 
at two sites in and near the area, which have been selected 
as representino the two conditions of land cover, viz., 
natural heath"' and sown pasture. The Division is 
co-operating with the Department of M~nes, South 
Australia, in this work. The depth and quality of water 
in holes at the experimental site are being followed by 
the Departmen t. 

Evaporation is calculated from measurements by t'be 
neutron moisture meter of changes in amount of water 
stored in soil and amount received as rainfall. Evaporation 
may also be obtained from meteorological data, if a theory 
of the nature of the transfer of water vapour to tl1e 
atmosphere be used quantitatively. A comparison of the 
values for evaporation given by the two methods ls being 
made. The limit on evaporation rate imposed by lack 
of free water when the soil is drying is also being studied. 

Other measurements of losses and gains of water in 
soil are being conducted in relation to moisture changes 
under houses. This is a long-term study which has been 
reported upon previously. 

(c) Saturated Permeability of the Soil and Land 
Drainage.- 1\n officer of the Soil Physics Section worked 
for ten months with the A.R.C. Unit of Soil Physics 
in Cambridge, England, concerned among other things, 
with the physics of land drainage. Methods for the 
measurement of soil permeability in the field were 
studied, which included the two-well method of Childs 
and the Kirkham-type piezometer tube method. A 
con1bination of results from these two methods allows a 
quantitative description of soil anisotropy to be made. 
Of eleven sites where permeability was measured, the soil 
was measurably anisotropic for permeability at six sites. 

(d) Permeability of Soil.-Measurements of perme-
11bility in a column of soil at water contents ranging from 
approximately field capacity to wilting percentage have 
been obtained by a technique of supplying water under 
tension to one end of the soil column and allowing 
evaporation to take place at the other end. T his technique 
has now been refined to enable the evaporation condition.s 
to be varied more readily, an.d to allow the evaporation 
rate to be measured, so that equality of evaporation rate 
with rate of intake of water, together with constant read
ings of water tension withh1 the column, determines when 
the stead)'-ffow state is taking place. The same apparatus 
will be used to determine, on a laboratory scale, the soil 
structure factors which govern the Joss of water from soil 
under fallow conditions and ways in which this loss may 
be reduced. 

(e) Swe/ling.-A co,mparjso11 is being made between 
Lb.e swelling of a clay mineral, calcium-saturated mont
morillonite, and the swelling of soil clays. The film thick
ness ~or a soil clay (illite), obtained by dividing the volume 
sweJhn~ by .the surface area, as determined by nitrogen 
ndso~phon, rs approximately 20A. This compares with 
SA m the fµlly swollen calcium montmorillonite. The 
reason for this dUfere11c:e is being investigated. 

(f) Surface Area of Soils.-Tbe negative adsorption of 
chloride ions by sodium and potassium clays has been 
used to measure the surface area of these materials. The 
surface areas obtained by these methods are in good agree
ment with those obtained from low temperature nitrogen 
isotherms. For montmorillonites the potassium ion is 
used, since the internal separation of the elementary 
silicate sheets making up a crystal never exceeds 5.4A. 
The volume from which chloride ions are excluded by 
negative adsorption varies with tlie concentration of the 
electrolyte solution. This variation can be used to calcu
late tlJe external surface of tbe clay. 

This method has been used to study the effect of pre
treatment on the external surface of bentonite. With 
moderate shaking it bas been possible to vary tlJe 
measured external surface from an initial 20 m2/ g to 
400 m2/ g. The total surface (internal and external) is 
known from the structure of the clay mineral to be 
760 m2/g. The water vapour adsorption isotherms of a 
number of clay minerals are being examined in relation to 
surface area and exchangeable cations. 

(g) Stability of Soil Aggregates.-Work concerning tbe 
effect of initial water content and energy condition in the 
soil water on the stability of soil aggregates, has been 
undertaken. The important factor in breakdown of aggre
gates is the rate of wetting. Aggregates which are 
unstable when wetted suddenly can be made stable by 
wetting slowly before immersion in water. 

Aggregates s}low signs of failure when wet under tension 
at a sufficiently rapid -rate. The increased rate of wetting 
caused planes of f~lure which accof)lIDodated the addi
tional water. The breakdown of aggregates is small if 
they are previously wet slowly to a tension of 100 cm. 
or less before illUllersion in water. Dry clay soil aggre
gates were not stable when wet under vacuum because the 
high rate of wetting caused differential swelling. 

Aggregates from virgin loam soil were completely stable 
when immersed in water whereas those from the same 
cultivated soil broke down completely. In this loam soil 
there appeared to be a relation between mechanical 
strength of the dry aggregate and stability of tbe aggregate 
in water. 

( h ) Mechanism of the Action of Soil Stabilizers.
Viscosity measurements have shown that the "Krilium" 
molecule will not pass through 10-micron diameter pores 
in a sintered glass filter. Since soil pores would also be 
negatively charged it can be infeued that "Krllium " does 
not enter these pores. It is thought that "Krilium" 
acts in the same way as organic matter and is precipitated 
by calcium in the large soil pores. Soil aggregates from 
a continuously cultivated red-brown earth soil have been 
treated with "Krillum " and have been found to have 
properties very similar to the virgin soil aggregates. 

(i) Soil Ti//agc.- It has been found that after several 
years of pasture at the Waite Institute, Adelaide, a well
defined profile of soil aggregate stability is developed in 
the top six inches of the soil, the surface two inches being 
often ten times as stable as that at six inches. A field 
experiment using three types of plough-disc, mould 
board, and chisel-at three depths of ploughing, has been 
begun to determine the extent of profile disturbance by 
these tillage treatments and its effect on crop behaviour. 

(j) Miscel/a11eous.-A number of measurements of soil 
physical properties have been undertaken and advice bas 
been given on equipment for other laboratories. Enqu4-ies 
have been bandied concerning soil drainage, water-proofing 
of dams, run-off of wate:r from soil, and soil temperature? 
and moisture distribution in relation t9 electrical .power 
lines. 

(k) Q11ee11slallcl Region. (i) Darling Down,r Area.~ 
The characterization of samples arising from surveys on 
the Darling Downs project bas been completed. These 
samples cover the chief soils occurring in th~ area, and 



an analysis of the results has been made to tie in the 
laboratory results with what is known of the agricultural 
performance of the soils. The application of a physical 
index to rate the soils bas been tested further on these 
results. 

(ii) Organic Mauer in Soik-Considerable attention 
bas been devoted to a study of the density of organic 
matter occurring in soils. Differences in density are quite 
marked and vary with position of organic matter in the 
profile. The highest densities are associated with organic 
matter that has been mobilized, especially as represented 
by organic matter accumulated in illuvial horizons of 
podzolic soils. Although changes in carbon content appear 
to accompany the density increases, further work is 
required to establish whether density changes are due 
solely to structural rearrangements in the organic material 
or rather to some association of metals with the organic 
material after it has reached a particular state of decom
position. Nevertheless, the diJierencc in density appears 
to olTcr some promise as a means of fractionating the 
uiffcrcot forms of organic matter in soils. 

The role of organic matter in increasino the water 
stability of structural aggregates has been inv~stigated for 
soil material from the fragipan of a ground-water podzol. 
This material, being completely siliceous even in the 
~oUoid~l fraction'. and of relatively uniform composition, 
is a suitable mcd~um for studies where the complicating 
effects of clay m1_nerals can be eliminated. T he WghJy 
decomposed orgamc matter as it occurs in these soils does 
not ~ce~1.10 act as.a bonding agent, bul ra ther by coating 
the 111dtv1dual particles to confer a hydrophobic character 
to the surfaces. This results in slower rates of wetting 
and consequently an ability to withstand disintegration 
upon suduen wetting. 

(iii) Stmc//lre A lteration iti Cultivated Soils.-Work 
has continued to establish a suitable method of structure 
assessment in connexion with effects of cultivation. The 
results of compression of small samples have been studied. 
A cultivation experiment examining the e!Iects of three 
different depths of cultivation has been laid down on 
Mywybilln clay, a poorer-structured soil of extensive area 
occurring on the plains section of the Darling Downs. 

(iv) Water Conte1Zt Changes i11 N atural Soils.-Obser
vations have been continued on the joint project with the 
Ecology Section, Division of Plant Industry, in the Lismore 
d~strict, New South Wales. A stream gauge, which pro
vide~ a co.ntrol measure on the other hydrological infor
mauon being collected, has been brought into operation 
and continuous measurement of discharge from the experi
mental watershed is obtained. Some difficulties in the 
ability of various soil moisture measuring devices to with
stand exposure have been met. 

Preli minary measurements to estimate transpiration 
from trees, mainly rain-forest species, have been com
menced, and to ascertain the relationship of transpiration 
to meteorological environment and soil moisture. 

(/) South-eastern Region. (i) The Effect of Rice
growillg 011 Physical Properties of Soils.-The Jong-term 
effect of rice-growing on a red-brown earth and a grey 
soil of heavy texture from the Murrumbidgee I rrigation 
Areas has been examined. After 28 years of periodic rice 
culture with up to eight crops only very small increases 
in aeration, range of available water, and degree of clay 
aggregalion are evident. ln general no major cumulative 
effect is indicated. 

(ii) Entrapped Air as a Factor in. tlte Breakdowll of 
Fi11e-text11red Aggregates.- The rate and degree of dis
ruption of rapidly wetted soil crumbs were measured in 
air and in vacuum as part of a project to correlate the 
various factors contributing to breakdown of aggregates 
in fine-textured soils. The results presented show that for 
the soils concerned, entrapped air is playing a negligible 
part compared with the swelling forces of oriented clay 
films. 
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(iii) Temperature and the Dispersiori of Soil Crumbs.
T he effect of temperature on the rate and degree of dis
per sion of crumbs from six soil types exhibiting a range 
of textures and stabilities is being studied. Methods have 
been developed to measure dispersion with a minimum 
of mechanical disturbance. Low concentrations of 
pa1·ticlcs smaller than 20 µ in suspension have been 
measured by means of a spectrophotometer and appro
priate calibration curves. Large variations in rate of 
dispersion have been found between soils and large differ
ences in the effect thar a change in temperature bas on 
this rate from soil to soil. The total amount of dispersion 
after 12 hr. at 10° C. is significantly less than that after 
12 hr. at 40° C. 

(iv) Parna ldentification.-Various methods of 
particle size analysis, including that of the bottom with
drawal tube, are being used in an effort to find an in.de:< 
for characterizing the different parna layers occurring in 
the Riverine Plain. Preliminary results show that the 
sil t-clay ratio may be useful for idenlifying some loess-like 
str::ita. 

(v) General.-During the year standard physical 
measurements have been made on projects involving 
research of the Pedology and Soil Mechanics Sections. 
Collaboration involving supervision and demonstration of 
techniques with a research team from the New South 
Wales University of Technology has been given in their 
cultivation cxperimenr at Wagga Research Farm. 

5. SOIL MICROBIOLOGY. 

(Division of Soils.) 
(a) Phosphates and Soil Microorganisms.-Research 

has been directed to soil phosphates parallel to work in 
other Sections. The availability of naturally occurring or 
synthetic phosphates can be tested microbiologicaUy on 
very small quantities and more quickly than by using 
plants. 

The present research bas been divided into two projects, 
one dealing with the microbial assay of available phos
phates, the other with the mechanisms of solubilizing 
phosphates. 

(iJ Availability of Phosphatic Marerials.-T his work 
was undertaken to find whether soil microorganisms have 
similar difficulties iu obtaining fixed phosphates as do 
plants growing in·certain soils. 1\vo dissimilar fungi were 
used for bio;1ssaying available phosphates, vu. Aspergillus 
nicer which produces organic acids and Curvularia geni
culma which maintains neutral conditions. In addition 
as:..Lying was carried out using the soil's own mixed micro
flora by comparing the respiration in the presence of phos
phates differing in availability. Assays have been com
ple ted fo r 61 mineral phosphates very few of which have 
been detected in soil as yet. Of those which might occur 
in soil the most unavailable were apati tes, strengite, duf
renitc, variscite, and some leucophosphites. Seventeen 
org~nic phosphates have been . tested and of these only 
ferric phytate was poorly available, but not sufficiently 
so to a~count for the slow mineralization of phosphate 
from soil humus. The availability to microorganisms of 
phosphates adsorbed on to 20 clays and sesquioxides was 
surpri.singly high. Tb:: influence of panicle size, of period 
o! r.gmg.' nnd of pH was also studied. In general Asper
f!illus 111ger wns nblc to procure more phosphate from 
msoluble sources than the general microflora, whlcb in 
turn .was better thnn Curvularia gmic11lata. Micro
?rgn111sms seem to possess better mechan isms for obtain
m0 fixed phosphates than most plants. 

.<ii) Mechanisms o! Releasing Pho.rphates.-Over 50 
soils have been examrned for the presence of bacteria 
actinomvcctcs. and fungi capable of rendering calciu~ 
phosphate~ soluble, .but they were detected in five soils 
only . . most of which were acidic. The rbizosphere 
organisms from over 50 plants were also examined but 



none were detected. This 1s contrary to the findings of 
Gerretsen in H olland who usec.l an excessively sensitive 
medium. Acid producing fungi dissolved much more cal
cium phosphate than acid forming bacteria. Lactobacilli 
associated with dental caries solubilized brushite but not 
apatite, strengite, or variscite. Aspergil/11s niger dissolved 
brushite and apatite. Eighteen bacterial strains were iso
lated which attacked calcium phosphate at first, but many 
lost the capacity after a few subcultures while some even 
reprecipitateu calcium salts. One bacterium, a pseudo
monad isolated from peat, was selected for detailed study 
of the mechanism of releasing phosphate from brushite. 
Solubilization occurred only when grown on sugars which 
produced acids, some of which were volatile and others 
non-volatile. Chromatography revealed the presence of 
lactic acid in grentest quantity, acetic acid in small 
amounts, and possibly traces of propionic, glycollic, and 
citric acids. This pseudo-monad was unable to dissolve 
apatite suspended in agar. 

(b) Rhizobium St11dies.-Cytological studies have been 
made upon strains of Rhizobium trifo/ii associated with 
clovers and strains of rhizobia isolated from indigenous 
and naturalized alfon legumes. Endospore formation has 
been found to be a general phenomenon, usually associated 
with the rough, non-gummy phase, but occasionally with 
the smooth, gummy phase. Sporulation enabled tbe 
organism to resist heat, and many cultures remained 
viable after 20 min. at J 00° C. The progeny of such 
resistant spores of clover strains produced nodules on 
subterranean clover plants grown under aseptic conditions 
in test tubes. The sporing phase may be important in 
the persistence of the organism in soil under adverse 
conditions. 

Serological stud ies have been continued with a view 
to establishing antigenic relationships between strains and 
spores, and in order to follow the fate of slraio~ 
inoculated on to seed sown in soil containing other strains 
of rhizobia. 

(c) Fractionation of Soil H11m11s.- The nature of 
humus and processes leading to its formation have long 
been the subject of research since humus enters into the 
chemistry of the soil affecting plant nutrilion. The 
following investigation is directed at the nitrogen fraction 
of the humus. 

A large continuous electrophoresis apparatus was buiJt 
to fractionate humates, but consistent results could not 
be obtained because it was impossible to stabilize pH, 
temperature, and outflow, despite numerous trials with 
several buffers nowing at various ra1es through the elec
trode vessels, d ifferent voltages, different heads of pressure, 
:rnd varying parlicle size. Instead, fractions were obtained 
by multiple paper electrophoresis, but no proteins were 
detected and no marked concentration of nitrogenous 
substances occurred, although amino acids were present 
in acid hydrolysates. Experiments have been started 
to follow the fate of proteins during the composting of 
buffalo grass. Jucerne, and compressed yeast. 

(d) Oxidation of Hydrocarbons by Soil Bacteria.
Work on the stimulation of oxidation of n-decane by 
monovalent cations using Corynebacterium sp. bas been 
extended to other hydrocarbons and their derivatives. 
Using resting cells harvested from a medium deficient in 
potassium ions, it was shown that 0.0008M potassium 
ions in 7 hr. increased oxygen consumption in presence 
of n-hexadecane, 11-tetradecane, n-dccane, and n-octane by 
23 1, 108, lf2, and 190 per cent. respectively. With 
11-hcxadecanc and 11-decaoe, ammonium ions were as 
effective as potassium ions, with, rubidium ions Jess so, 
but caesium, lithium, and sodium ions were without effect. 
The rates of oxidation of aliphatic monohydric alcohols 
(range ethanol to undecyl alcohol) and of the mono
carboxylic acids (range acetic to 11-decylic) were 
unalfected by the addition of potassium ions; this sug
gested that potassium ions exert their influence before the 
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formation of alcohols and acids. Two different coryne
bacteria showed this potassium slimulation more on 
lyophilized cells than fresh cells.' 

(e) "Spindle Stand" of Pines.-Pot experiments have 
been compleled on the possible cause(s) of "spindle 
stand" in Pinus radiata growing in Young sand from 
Mount Burr. The unthrifty appearance of the pines could 
not be improved by providing more water, more 
mycorrhiza, or more needle litter, nor by eliminating 
possible toxic factors with clays, lime, ethylenediamine
tetra-acelatc, or leaching. Vigorous, healthy pines could 
be obtained by applying fertilizers containing nitrogen, 
phosphorus, sulphur, potassium, zinc, and copper. The 
addition of over 50 other elements produced no further 
beneficial effects after a year. J t is thought that " spindle 
stand " might be due lo a multiple deficiency of essential 
clements, and it is doubtful whether it would be 
economically sound to apply fertilizers and establish pines 
on such a deficient sand. 

(f) Rhizosphere.- An investigation has been started 
on lhe influence of light intensicy upon the exudation 
of organic substances from plant roots and their effect 
on rhizosphcrc microorganisms. 

6. CLAY MINERALOGY. 

(Division of Soils.) 
A single-crystal and a Weissenberg camera have been 

inslalled. These cameras will be used for studying 
the structures of clays and related minerals and for 
following in detail the structural changes involved as rock 
minerals weather to ch1ys. The Raymax X-ray unit has 
been modified to incorporate electrostatic focusing of the 
electron beam with an improvement in focus and increased 
emission stability. The replacement of the old-type 
vacuum seals of this unit with neoprene rings and the 
incorporation of vacuum valves has improved its operation. 

Recently a member of L'le Section returned after spend
ing two years at the Cavendish Laboratory, Cambridge, 
<ind one yc:tr at Pennsylvania State University. At Cam
bridge the calcium felspar, anorthite, was studied in an 
attempt to determine the a tomic parameters as precisely 
as possibic. Jt was necessary to use three dimensional 
X-ray data lo give the required accuracy in tbe parameters, 
antl this coupled with the low symmetry (triclinic) and 
large unit cell has made the anal)sis of the structure 
difficult. The electronic computer, EDSAC, was used 
in calculating structure factors, and a Hollerith punched 
card machine for the Fourier syntheses. During the 
course of the calculations two desk computers were 
designed for general use in calculating geometrical struc-
111re factors for space groups of low symmetry. 

At Pennsylvania State University a preliminary study 
was made of the weathering of felspars to clay minerals. 
Attempts were made to alter single felspar crystals to 
clays in hydrothermal bombs. It proved difficult to find 
conditions for producing layer lattice minerals from 
folspars alone. The experiments suggest that felspars 
bieak down completely before being reconstituted to 
cl.lys. 

. (a). Phosphate Mi11erals.-Some soils although naturally 
high rn phosphorus behave towards plants as if phos
p'lorus deficient. Other soils render unavailable much 
~f the phosphorus which is added as superphospbate. It 
1~ probable that the naturally unavailable and the fixed 
phosphates arc related, and a knowledge of their nature 
is desirable. Ph~spbates in soils are divided into organic, 
a.dsorbed, an<l mmeral forms, but more specific inforrna
lton on them has been difficult to obtain-largely because 
o~ the . small an:ounts in the soil. Using refined X-ray 
d1tfraction te~hniq~cs some naturally occurring phosphates 
have been identified as belonging to the gorceixitc 
(B~Al.~(P~ 1h(OHh, H~O, CeAl3(PO 1MOH)G) florencite 
scncs. 1 hesc were concenh·a1ed in the 0.5-5 micron 



fraction of the soils and could be obtained almost pure 
by dissolving the silicate minerals in hydrofluoric acid. 
The density of the minerals was co11firmed on these con
centrates by analyses for phosphorus, barium, and rare 
earths. These minerals have been extracted from soils 
from Queensland, New South Wales, and Soulh Australia, 
so that, a!lhough unexpected, they are not to be regarded 
as oddities. ln some of the soils more than 70 per 
cent. of the tolal phosphorus was present as one of 
lhe above minerals. The extreme insolubili ty of these 
phosphates is demonstrated by thefr occurrence in very 
highly weathere,J soils. The technique of concentrating 
in hydrofluoric acid bears this out. M icro-biological 
assay of these minerals, extracted from soils, indicated 
l11at their phosphorus is extremely unavailable. The 
nature and occurrence of the minerals suggest that they 
are an active part of the soil profile and not just a 
residual of parent material. 

In conjLtoction wi th studies in the Chemistry aud 
Microbiology Secrions many phospha re minerals were 
checked for identity anci purity. 

(b) Soil and Oilier A11alyses.- Detailed mineralogical 
examination of the clays of a large group of soils from 
the Barossa Valley, South Australia, bas been carried out 
in connexion wirh the soil w rvey of tbe area. Other 
clays from Northern Terriwry, New South Wales, and 
Queensland have been analysed. Clays from soils and 
various minerals from the Antarclic have been identified 
for the Antarctic Survey and at the reques t of Sir Douglas 
Mawson. 

Jn the analysis of clays from many parts of Australia 
illite is found to be a major component. Yet many of 
these clays difJer considerably in physical and chemical 
proper ties . It is suspected that the behaviour of clay 
illite is markedly dependent on the amount o f hydration 
iL ha:; undergone. Such properties as swelling and 
potass ium fixation would be related lo its hydration. A 
technique has been developed for investiga ting the low 
angle sc.:i ttering o f clays using the Phillips difiractometer, 
and it is hoped tha t these stmJies will enable a distinction 
to be made betweeo the various illites. 

(c) Fluorescen t X-rny Spectroscopy.- Tb is technique 
has been developed further with increased accuracy and 
sensitivity. Under suitable cond itions au accuracy of 
'.! per cent. can be a ttained, without the use of internal 
standards, while for so;ne elements concentrations as low 
as five par!s per mill ion can be measured. During lhc 
year various soils have been analysed for iron, titanium. 
zinc, zirconium , copper, strontium, praseodymium, neo
dymium, and barium while plant and liver specimens 
have been analysed for iron, copper, and zinc. The latter 
analyses have been ~ade with the co-operation of officers 
oi the Division of Biochemistry and General Nutrition 
who are interes ted to see if the technique is suitable for 
biological specimens. The X-ray analyses ·of these 
specimens agreed well witb results obtained by conven
tional chemical methods. The X.·ray technique is much 
quicker and involves almost no pretreatment of the 
sample. 

7. SOIL M ECHANTCS. 

(Di vision of Soils.) 
The subject of soil mechanics, as a branch of civil 

~ngincering, rela tes to a form of land use totally di1Yerent 
from lhat associa ted with the normal disciplines of soil 
science. H owever, many forms of engineering land use 
are dependent upou the same soils and t'be same soi.I 
properties as those studied for agriculture. In particular. 
the prob!ems of design of roads aad airfields and of 
shallow foundations for small buildings are closely 
associated with the in si1u characteristics of natural soils. 
The establishment of <i Soil Mechanics Section within 
the Division provides the opportunity for collaboration 
between the research workers engaged on the study or 
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the ~oil per SC!, and on the applied problems of soil 
mechanics. Other sections of the Division participate 
directly or indirectly in the latter work. 

An exceedingly wide range of foundation problems, 
related both to domestic buildings and engineering 
sit uctures, has been noted within Australia. This range 
is logically rcluled to the diversity of soils, of forms of 
building, and above all of environmental condi:ions 
ihrougbout tbe country. Failures of buildings of all 
tradi rional types have been noted on various clay soils in 
every S tate·- duc presumably to the seasonal phenomenon 
of s:1rink ing and swelling. Oth er failures of domestic and 
inl.lustrial buildings have been attributed to the consolida
tion process, and some soils of exceptionally low be::i ring 
capacity have been noted. 

Jn view of the limited recorded knowledge of the 
engineering characteristics of Australian soils, !t is 
extremely desirable that these field investigations should 
be ca rried out as comprehensively as possible to form 
the basis for <i pplications of known engineering principles 
and to uefine necessary research. Some cousidc•·abJe 
a ttention has been devoted to the development of new 
procedures to obtain a reasonable body of uata. Emphasis 
has been placed on three aspects of th is programme, 
viz.:-(i) the classification of foundation problems; (ii ) the 
development of efficient field techniques; (iii) the encow-
agement of ihe use of proper so il sampling techniques. 

(<1 ) A Regional Classificaiio11 of Foundalion Prob
Jems.-From accumulated expe rience on tbe nature of 
soils and problems of associ-.<-:d builc! in:i structures an 
attempt has been made to cl11 ~:si;·y founr~..,tion problems 
regionally in areas with soi! formations of comparable 
engineering properties such as e~ tu ,1ri ne muds (South 
Melbourne), clay soils wi th high 5wel1ing characteristics 
(North Melbourne), or rela tively Stabl<! soils (East 
!vlelbourne). 

Regioinl fo undat ion prohlems m:iy reh.t!e to sma ll 
a reas of highly developed land as in cit ies o r to la rge 
area-; of land in whi; h building activit: · is 'parse . An 
example of the latter type is to be found in the Wimmera 
re,;ion of Victo ria in whi..:h area almo~t every sizable 
building oo tile characteristic heavy grey clay has suffered 
••r prcciablc damage owing to foundatioo movements. 

A tot:1l o f abou t twenty regional foundation oroblems 
is now recognized in Australia. ll is hoped 
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that. by 
sui table classification of techniques, the number of 
problems al though probably increastng in number mav be 
k~pt within workable bounds. · 

( b ) The Development of E!Jicient Field Techniques 
I or Soil Sa111pli11g and Testing.-An attempt has been 
made to develop mobile apparatus which would permit a 
research team in the Held to undertake within a shor t 
period the complete evaluation of Lbc founda tion charac
teristics of any soil. As complementary equipment to a 
power-operated soil auger and a mobile laboratory con
taining a triaxial shear test machine, apparatus has been 
developed for two principal purposes: (i) to sample directly 
11110 consoltdometer rings, and (ii) to undertake consolida· 
tion. tes ts ~djacent to the field site. For the latter purpose 
a hghtwc 13~t three-unit consoliuometer has been con
structed and techn~ques !or rapid comple tion of a loading 
cycle .have ~een m.vesl!ga ted. This equipment is now 
operarmg sat1s fac tonly m the field but improvements in 
cesign ar e proposed. 

Va ri?us ~lelh~ds of obtai~ing undisturbed soil samp1cs 
are bemg mvest~gated . It 1s hoped that standard pro
cedures may be 10trodueed to suit normal soil condi!ions 
throughout Australia. 

( c) Regional Soil Studies.-A study of the found ation 
charnc teristics of the soils of the proposed township of 
Elizabeth, South Australia, has been commenced. This 
town. with an estimated potential population o f 50 000 
will be built on an alluvial plain to the nor th of Adelaide'. 
Foumlat1ou problems expected arc those associated with 



clay soils exposed lo a marked seasonal moisture cycle. 
Buildings will be both domestic and industrial. The 
experimental programme, now in its early stages, will 
involve, for each major soil type, the measurement of 
the shear strength of the soil at limiting moisture condi
tions, settlement due to load, and seasonal movements of 
the soil (covered and uncovered) and of adjacent buildings. 

Two pieces of work completed at Adelaide were centred 
in the suburbs of Broadview Gardens, in which War 
Service Homes have lasge building interests, and North
field where the State has under design extensions to the 
mental hospital. In the former, trouble developed owing 
to consolidation under buildings from a variable satura
tion of the soil close to the surface which was ascribable 
to the presence at a depth of 2-10 feet of a slowly penne
able clay of irregular contour. At Northfield the soil 
formation has particular difficulties for building. Both 
sites were studied and reports prepared for the authorities. 

Preliminary studies of the characteristics of the heavy 
clay soils of the Wimmera are in progress, initially in the 
Horsham-Loogerouong-Warracknabeal area. These will 
be similar in form to but less extensive than those for 
the Elizabeth project. 

The engineering characteristics of the soils of the South 
Melbourne area have been studied, in an investigation to 
determine foundation requirements for the proposed King
street Bridge. This investigation, which is being under
taken for and in collaboration with tbe Country Roads 
Board, involves the sampling and testing to depths of 
130 feet of soft alluvium and the underlying sand, gravels, 
and soft rock. A preliminary report has been prepared 
on the data from tluee sampling points. 

(d) Foundation Design for Domestic Bui/dings.-An 
attempt has been made to define certain basic design 
procedures for the determination of appropriate founda
tions for domestic buildings. The purpose was originally 
twofold: (i) to make available to architects and engineers 
the results of past and current investigations on soil pro
perties, and (ii) to define the range of soil properties requir
ing further research and investigation. 

An important conclusion is that the behaviour of founda
tions of domestic buildings may be affected significantly 
by the consolidation of unsaturated clays as well as by the 
more obvious seasonal movements. Another is that it is 
not feasible to undertake investigations into soil charac
teristics affecting building stability without considering the 
characteristics of the superimposed structure (includfog the 
footings). The Division is collaborating in research of 
this nature with the Universities of Melbourne and Sydney 
through a subcommittee of the Institution of Engineers, 
Australia. 

(e) Engineering Characteristics of Unsaturated Soils.
Studies of a fundamental nature have been undertaken 
as part of a long-term project to define the engineering 
characteristics of unsaturated soil as encountered in the 
Australian environment. Progress has been made so far 
on four phases of this work including-

(i) the definition of tbe states and mechanisms of 
unsaturation and the measurement of condi
tions of unsaturation in zonal soils of the 
Australian environment; 

(i i) the study of the validity of the traditional effective 
stress concept of soil mechanics when extra
polated to the ranges of soil moisture tension 
and incomplete pore space saturation appro
priate to the Australian environment; 

(iii) lhe study of the shear strength of unsaturated 
granular materials; 

(iv) the study of the shear strength of unsaturated 
clays. 

(/) Road Research.-The Division collaborates with 
the State Highway Authorities and other orcranizations 
on soil problems associated with road constru~tioo. 
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An experimental programme has been planned to investi
gate the moisture status of subgrade soils (principally clays) 
throughout Australia. This work, which is still in its early 
stages, will be carried out in collaboration with the State 
Road Authorities. Two sites, one at Bordertown, South 
Australia, and one at Horsham, Victoria, have been selected 
and equipment has been installed. In the first place zonal 
soils in characteristic environments are being chosen to 
study the movement of water, by in situ techniques, under 
a pavement and under an adjacent vegetated area (carry
ing normal vegetation), and at all intermediate points. 
For installations in areas of low to moderate rainfall and 
high evaporation, the gypsum block moisture meter has 
proved suitable, and it is proposed to introduce the neutron 
moisture meter and tensiometers to cope with wetter sites. 
Close contact with the Soil Physics Section is being main
tained in this work, which is still at an inconclusive stage. 

III. PLANTS. 

1. GENERAL. 

Plants, whether in the form of crops or pastures, are 
the basis of eve1y agricultural industry, and viewed in 
perspective grass is Australia's most important primary 
product. The Organization has placed considerable em
phasis on investigations of plant problems at the Division 
of Plant Industry, which has its head-quarters in Canberra 
and is the Organization's oldest Division. The work of 
the Division, which has experimental farms and field 
stations throughout the Commonwealth, is described in 
thjs Chapter. 

All ied work on mineral nutrition of plants carried out 
by the Division of Biochemistry and General Nutrition is 
described in Section 11 of this Chapter. 

Work on special local problems of irrigation districts is 
undertaken by the Irrigation Research Stations at Mcrbein 
and Griffith (see Chapter IV} 

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

The Land Research and Regional Survey Section is 
carrying out broad-scale ecological surveys in the under
developed arid and semi-arid regions of the continent to 
assess their land-use potential and investigate problems of 
agricultural and pastoral development. The work of these 
regional surveys is reported in Chapter XI., Section 2, and 
the Section'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 Research Station, 
are reported in Chapter XI ., Section 3 et seq. 

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

Division of Plant Industry.-The research work of the 
Division is concentrated on problems which are funda
mental to agricultural production in Australia. In this it 
is complementary to the activities of the State Depart
ments of Agriculture, whose particular function it is to 
~erve the more immediate needs of the agricultural 
industries. 

Because of the importance of pastures in the Australian 
economy and also because of the difficulties of establish
ment,. ~tiµzation, and maintenance of improved pastures. 
th.e D1v1S1on has for many years been primarily concerned 
with these matters. Re~~arch in agronomy, agrostology, 
eco.log~, and plant n~1tnt1on has been pursued with the 
main aim of pasture improvement. Work in these fields 
is also directed to other crops of economic importance. 
Complementa.ry to these studies, strong research teams 
have .been established in genetics, microbiology, and bio
chemistry to undertake basic research on plants. It is 



believed that strong teams of scientific workers on funda
mental problems will make possible in the long run a 
wealth of technological changes in the primary industries. 
The most recently established research team is that in 
the field of biochemistry and biophysics. This new unit 
will serve as a cen tre of plant biochemical research, and 
will be able to supply basic information for many cur
rent research programmes in the Division. 

The main research projects of this group will be con
cerned with plant metabolism. Problems of animal pro
duction such as animal nutrition, poisonous plants, and 
fodder conservation will be aided by plant biocbemical 
studies. One of the initial programmes of a more applied 
nature is a study of the pink pigment in root nodules 
which are actively fixing nitrogen. This pigment is very 
similar to the haemoglobin of animals, and it is possible 
that it plays a part in the mechanism of nitrogen fixation. 
Another such programme concerns the harmful by
products of pasture plants, such as the "oestrogenic " 
substances in subterranean clover, and the prussic acid
liberating substances in white clover. 

More basic work includes studies of plant proteins 
and their synthesis by the plant, the way in which chloro
phyll is formed in the plant, the mobilization of sulphur 
by soil bacteria, and tbe ways in which nutrients are 
moved from one part of the plant to another. 

Plans for the establishment of a Tobacco Reseach Insti
tute within the framework of the Division and financed 
from a Tobacco Research Fund have progressed favor
ably during the year. Professor D. W. Goodall of the 
University of Reading has been appointed as Director 
and will take up duties later this year. An agronomist 
and a plant breeder have also been appointed to work 
on problems directly associated with the industry. The 
Institute will be established at Mareeba in north 
Queensland. 

A new concept in regional planning of research was 
instituted during the year with the formation of the 
Armidale Regional Research Committee compnsmg 
members of the C.S.I.R.O. Regional Laboratory, Univer
sity of New England, and the Divisional head-quarters 
laboratories. The programme developed by this com
mittee includes two major projects to be undertaken on 
the plant side; . firstly, problems of pasture utilization in 
a region with a maximum summer rainfall, and, secondly, 
the study of the sulphur cycle in soils, and the effect of 
sulphur deficiency in plants and its effect on animal 
physiology. 

Dr. R. D. Brock, of the Genetics Section, was awarded 
a Foreign Leader grant by the United States Department 
of State to enable him to study developments in radiation 
genetics. On his return from abroad he will concentrate 
on this aspect of genetics with the aim of producing wide 
variation in plant species as a means of obtaining suitable 
material for genetic improvement. 

Mr. T. B. Paltridge, of Plant and Soils Laboratory, 
Brisbane, has been seconded to the Coconut Research 
Institute, Ceylon, under the auspices of the Colombo 
Plan. He will make a study of pasture establishment 
for native cattle under plantation conditions. 

An overseas visit was undertaken by Mr. W. W. Bryan 
who visited Central America on a plant collecting expedi
tion. In particular, he was seeking suitable legumes for 
pasture in northern Australia. 

The Dickson Experiment Station, Canberra, was thrown 
open at a field day attended by some 200 graziers, and 
district agronomists of the Department of Agriculture. 
The experimental work demonstrated included pasture 
establishment and management, genetical work with sub
terranean clover, the field testing of plant introduction, 
and weed control. 

The Division conttnued to provide specialized training 
to holders of F.A.0. Fellowships and of Fellowships 
under the Colombo Plan. The Division continued its 
co-operation with many State and Commonwealth 
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Departments and universities and witb overseas organiza
tions. In particular, agronomists and plant nutrition 
officers have co-operated with the New South Wales 
Department of Agriculture at various field days in the 
Southern Tablelands area and have attended schools 
organized by the Department as guest lecturers. 

2. PLANT INTRODUCTION. 

(Division of Plant Industry.) 
(a) international Exchange.-Although no active plant 

exploration has been conducted during the year, the 
number of samples of seed and other plant material 
received from abroad was larger than in the previous 
year. In total, some 5,400 samples were received from, 
or sent to, overseas countries, while large numbers were 
also distributed for trial within Australia. 

All samples entering or leaving Australia are closely 
inspected, fumigated, cleaned, and treated in accordance 
with the quarantine regulations. The danger of bringing 
in virus diseases with vegetatively propagated introduc
tions is especially serious, and bas required special atten
tion to such introductions as strawberry varieties, new 
varieties of couch grass, and the currently prominent 
forage plants, topine and Russian comfrey. 

Apart from the quarterly introduction lists which are 
distributed regularly to Australian collaborators, a new 
seed exchange list has been prepared for overseas distribu
tion. This list not only includes numerous varieties of 
pasture and crop plants grown in introduction nurseries 
in various parts of Australia, but also includes seeds of 
many indigenous plants recently collected in central, 
western, and northern Australia. 

( b) Agronomic Trials.-Prelimioary trials of specialized 
coUections of important pasture grasses and legumes from 
the Mediterranean region have been conducted at Canberra, 
Perth, and Brisbane. Miscellaneous introductions of 
promise include the perennial Secale montanum from 
Turkey, and two strains of Trifolium squarrosum from 
Italy. The latter are very vigorous, leafy, erect legumes, 
which may be of value for hay or silage. 

(i) Canberra.-Some 95 new introductions of Phalaris 
t11berosa have been established in a spaced-plant trial at 
Canberra, as well as smaller numbers of strains of other 
specie,s of Phi/aris and Lolium. They have shown a 
greater range of maturity than the Australian commercial 
types and the better strains previously introduced. A late 
s!rnin from Elvas, Portugal (C.P.l. 19344) and some 
strains from the Bone area of Algeria are agrooomically 
promising. The introductions of Phalaris rruncata were 
generally inferior to those of P. tuberosa, but some strains 
of P. coerulescens were highly productive and merit 
further trial in higher rainfall areas. 

Pasture plants found promising in previous years have 
been further tested in swards and under grazing. In a 
comparative sward trial, Bromus inermis (C.P.I. 7073) 
has been outstandingly successful as an associate grass 
with Phalaris, and in mixtures with lucerne. Tbis species 
also showed up well in continuously grazed blocks, and 
gave more even increases in sheep weight throughout the 
year and better carcass quality, than Pha/aris. 

(ii) Pertlz.-Relatively few new introductions, other 
than specialized collections, were established at the 
Kelmscott Plant Introduction Station, near Perth, but some 
of the ear.lier introductions continue to develop favour
ably. A strain of Hyparrhenia hirta, obtained originally 
from Holland, has persisted much better than Phalaris 
under frequent cutting, and has greatly outyielded it after 
the second. year. Some introductions of veldt grass, from 
S?uth Afnca, are co~parable with the local variety in 
yield but ~re more suitable for grazing. Recently intro
duced strams of purple vetch ( Vicia atropurpurea) and 
common vetch (Vicia sativa) have considerably outyielded 
those previously available. 
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The succcsstul commercialization of two early intro
ductions of cocksfoot from the Mediterranean region
Currie and Neptune-has demonstrated the potentialities 
of this species in Western Australia, and extensive rec~nt 
collections a re being critically evaluated in a sward tnal. 

A detailed study has also been made of the· collection 
of 172 strains of annual Lolium, while many species and 
strains of Trifoli111n have been established for comparative 
evaluation. 

(i ii) Brisbane.-T he best of the collections of African 
and South American pasture grasses and legumes have 
been transferred from the old station at Strathpine to the 
new area at Samford. They have been established vege
tatively in swards and subjected to periodic grazing which 
wi ll be continued for some years. Marked differences in 
the reaction to grazing. both at the specific and varietal 
level, are already appnrent and the trial will facilitate the 
selection of the best strains for regional trial and develop· 
ment. A similar series of grazing tria ls has also been 
established a l Lawes, where species and strains of Panicum, 
Paspc.1!11111, and Se/Clria are outstanding among the grasses 
under trial. 

A comprehensive varietal tria l of soybean varieties at 
Lawes, including material from a wide latitudinal range, 
has confirmed the importance of photoperiodic and lati
tudinal comparability in work with this crop, and bas 
indicated the value of many recent introductions. On the 
other h<tnd, tria ls of Plwseolus species as grain legumes 
have suffered severely from insect pests and diseases. 

( iv) Regional Tria/s.-Extensive regional trials have 
been conducted at many centres, especially in New South 
Wales and Western Australia. These are designed to 
assess more fully the regional adaptability of introductions 
found promising a t the primary centres, and a re frequentl y 
co-operative with Dcpa.rtments of Agriculture and o ther 
organizations. 

In New South Wales, particular attention bas been pa id 
to Plwlnris 111berosa, as the extensive collections of this 
species from the drier parts of the Mediterranean region 
offer the prospect of extending its cul tivation beyond 
present limits. An interesting feature of a number of 
trials from south to north throughout the State is the 
general superiority of the later-maturing strains even in 
the inland centres, but this may not be maintained in a 
less favourable season. 

rn the northern parts of New South Wales, introductions 
of Rhodes grass, Pa11icum coloratum, and Setaria continue 
to be outstanding, and seed supplies are being built up as 
rapidly as possible with the co-operation of the Department 
of Agriculture and C.S.I.R.O. Regional Stations. 

Work in Western Australia has included the continuance 
of regional trials at Kojonup and Wokalup, and the 
establishment of a new series of trials in drier a reas at 
Nyabing, Lake Grace, Tammin, and Meckering. At 
Kojonup , work with cereals has been completed and seed 
of the better strains bas been distributed to Departments 
of Agriculture. In studies of salt-tolerant plants, a species 
of Puccinellia from Turkey ( C.P.1. 15034) is outstanding, 
<lnd is being further investigated to determine tolerance 
limits. In the new series of trials at inland centres none 
of the grasses appeared to be superior to Wimmera rye
grass in productivi ty, but some of the annual Trifoliwn 
species a rc very promising, especially at the 14-in. rainfall 
sites. 

(c) PhalC1ris Growth and Dormancy St11dies.-Selected 
introductions of Plza/aris tuberosa of known origin in the 
Mediterranean region are being critically examined under 
different environmental conditions in Australia. Pre
liminary experiments on a wider range of species have 
revealed evidence of the occurrence of ecological differen
tiation. in fiv~ perennial Mediterranean grasses in response 
to ~anous climatic factors. The present investigations are 
designed to study more fully the factors concerned and to 
rclat~ them to the natural distribution of the plant in the 
Med1terraaean region and its potential adaptabi lity in 

Australia. At the same time, the effect of a new envi ron
ment on rl mixed plant population is being investigated by 
tracing t!1e changes which occur in composite plots of 
mixed Phalaris st rains at five different centres. 

A clonal transplant experiment, util izing selected strains 
of Phalaris 111herosa d iffering in morphology and 
phys iology, h.:is been established at Canberra, Coodobolin, 
and Wagga. Detailed studies on an individual plant basis 
are being made at each centre. 

ln view of the significance of summer dormancy for tbe 
survival of perenni<tl plants in a Mediterranean climate, 
investigations have been m:idc of the factors determining 
the onset and breaking of dormancy in selected clones of 
Phalaris tuberosa. PJeliminary glass-house experiments 
have show n the importance of temperature as a deter
mining facto r. Plants which would continue growth when 
supplied with adequate moisture at low temperatures would 
become dormant when tl1e temperatures were raised, even 
though water supply was not limiting. 

(d) Pla111 G eography.-A study has been made of the 
centres of distribution of the important cul tivated pasture 
grasses in an attempt to define more clearly the poten
ti :i!ities of various parts of the world as sources of grasses 
for use in Austral ia . This has revealed the predominance 
of three majn centres-Eurasia, east tropical Africa, and 
east centra l South America. The significance of the 
Mcditerraner111 region as an important subsidiary centre 
has also been clearly demonstrated. This work will be 
extended to cover Lhe important pasture legumes. 

Environmental and botanical smveys of portions of the 
Mediterranean region and tropical America have been 
made to assist Australian scientists collecting in these 
regions. 

3 . G ENETICS. 

(Division of Plant Indust ry. ) 

(a) S11bterran.erm C lover.-The research programmes 
;iim :it an understanding of the varia tion of and adaptive 
significance of characteristics of the species, their inherit
ance, and the incorporation of desirable attributes into 
n:!w stra ins to extend the geographical or agronomic range. 

( i) Natuml Seleclion.-The aims of these studies, 
involving mixtures of strains and mi .. a ures of hybrids, m·e 
( l ) to estimate the va lue of hybridization, in self-fertiliz
ing species, as a techuique for releasing a la rger amount 
or g.:melic variation than could be obtained from a 
mixture of the parents, as a means of increasing the 
chance of producing strains adapted to new environments; 
( 2) to study the changes in hoth means and variances of 
morphological and .Physiological characters in the hybrid 
clover plots subjected to different environmental treat
ments, w hich study may elucidate the adaptive significance 
of some of the characters. 

Plots h<tve been established at 15 locations in N ew 
South Wales for these purposes. In addition controlled 
d~ffer~ntial irri~at ion treatments a re being apptled to plots 
of mixed hybnds and pure Jines at Deniliquin. 

(ii) Subspeciatio11.-Widespread genetic incompatibility 
within the species is indicated by pollen scores and seed
setting in a d iversity of crosses. The Tallarook <>roup 
(including Mount Barker, Bacchus Marsh, Burn:rang, 
Mulwala, Cranmore, and Daliak) exhibits compatability 
with some lines anti incompatability with others, from 
Morocco, Portuga l. and Turkey. T his suggests that sub
speciatiou has occurred independently at different loca
tions. Some sympatric strains are distinguished by 
tli!ferences of subspecific degree. Further crosses have 
hecn made between and within geographic regions. 

(i ii ) Flow~rillc, ~ime.-Analysis of F 1, F~, F:i, and 
parent malen al md1cated that flowering time is deter
mine? b7 •:iany . gc~es and is strongly inherited. 
Phys1olog1cal mvest1gat1ons of strain differences are being 
extended. 
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(i~) Seed Dormancy.-A survey of strains from the 
Mediterranean area disclosed wide variations. All strains 
germinate well at J 0° C., but freshly harvested seed will 
not germinate at temperatures above a critical level which 
varies with strain. Jn general, seeds of strains from cold 
locations, especially if these are arid, require low tempera
t~res. Collections from moist regions seem to be excep
tlon:il. The characterist ic is inherited in a very complex 
manner. 

. (v) Seed Yield.-Progenies of F:.: plants selected for 
high or low seed yield have indicated heritability of the 
order of 0.35. Swards from certain high yielding plants 
eitcelled local commercial varier ies with respect to dry 
matter production at the end of winter and seed yield per 
unit area. 

(vi) Sward Trials.-Swards of 60 strains, including 
fi fteen hybrid selections, are being established. The 
material includes a wide range of physiological and mor
phological types from the United Kingdom to the Canary 
Islands and Israel. 

(b) Other tegumes. ( i) Luceme.-The transfer of 
the creeping habit into Australian Jucerne from Siberian 
lucerne has been initiated. Several hybrid plants show 
desirable features. Combining ability of Australian and 
several introduced strains is being investigated. 

(ii) White Clover.-Physiological and biochemical 
mechanisms underlying the C}ano~enetic glucoside and leaf 
mark clincs arc being investigated. 

(c) Grnsses. (i) D:inthonia.-Chromosome counts 
have been made on 28 species, and a study of breeding 
systems <tnd isolating mechanism is in progress. Self
fertilization is usual i1ul some natural crossing occurs. 
The existence of cytological or genetic isolating 
mechani ~ms is demonstrated by complete failure of many 
crosses anti a high proportion of shrivelled seeds in others. 

( ii ) [J(lr/ey Grr1sses.- Attcmpts lo produce an awnless 
type of barley grass have been frustrated by sterility of 
cros.;es. An attempt is being made to obtain fertiJity by 
doubling chromosomes. 

(iii) Thcmeda (Kangaroo Grass).-The distribution of 
chromosome races is being studied in a wide range of 
material. 

(iv) Paspalum.- Cytological investigations have demon
strated that the spcci~s is apomictic. At meiosis twenty 
bivr.lents and ten univalents were consistently observed. 

(v) Ph:ila ris.-The genus consists of thirteen species. 
eight from the Mediterranean and fi ve from America. 
Rehtionships between tb;:: species arc being investigated. 
Clon:illy proj)agatcd plants of twenty introductions of 
I'l1alaris ///herosa are being studied at Canberra, Condo
bolin. and Wagga. Morphological and physiological 
studies on this and other material are to be used as a 
basis for µ!ant breeding. Evidence for natural hybridiza
tion between Plialaris tn111cata and P. brachystachys has 
been found in recently introduced material. 

(d) Developmental Genetics. Attention has been con
centrated on inherited diffe rences in plant growth. Differ
ences between strains of Arnhidopsi.1 tlialiana and mutants 
produced by radiation are being studied. Mutants have 
been found which require thiamio, sucrose, and a high 
osmotic pressure for growth. Varietal differences have 
been fo und for respiration rn te (in subterr;rnean clover) 
and in vitamin synthesis (in A .t/l(lliana). 

(e) Mathematical Cenetics.- Research in this field is 
clevotetl to polysomic inhcritnnce, linkage, and quantitative 
inh.:: ritancc. The t·heory of t risomic inheritance has been 
developed. Tom:ito trisomic and disomic linkage studies 
will be m.icle in a co-operative programme with Dr. C. M. 
Ril:k of the University of California. The theory of 
diallelc crosses as applied to problems of quantitative 
inheritance has been developed. 

(/) Chromosomal Polymorphism in Grasshoppers.
Work on Moraba scurra has established the existence of 
two heterotic mechanisms located on different chromo
some pairs. Two races of this species differ in chromo
some number, a large Y-shaped chromosome in the eastern 
race having undergone "dissociation into two rods in the 
western race". Study of the interracial hybrids bas led to 
an understanding of the precise mechanism whereby the 
dissociation occurred. 

In collaboration with Dr. K. H. L. Key (Division of 
Entomology) a cytological survey is being made of other 
grasshoppers of sub-family Morabioae. About 73 species 
have now been studied. Approximately twelve show 
chromosomal polymorphism. Most have an X0 sex. 
chromosome mechanism, but six have X4 males and seven 
have an X 1X2 Y system. Also work has continued on a 
pair of sibling species of the genus Austroicetes which 
differ cytologically in several respects. 

4. GENERAL BOTANY. 

(D ivision of Plant Industry.) 

(a) Structural Botany. Comparative studies in the 
morphology and evolution of monocotyledonous flowers 
have been continued. Material bas been prepared for the 
ex;imination of flora l development from the families 
Gramin:ic, Cyperaccac, Juncaceae, Juncaginaceae, 
Typhaceae, Alismataceae, Potamogetonaceae, Xanthorrho
caceae, and Liliaceac. The preparatory work bas involved 
the collection. dissection, and mounting of sections for 
microscopic examination. 

(b) Taxonomy and Systematic Botany.-Work has con
tinued on the preparation of an Index to Australian Plant 
Genera. A card index bas now been prepared covering 
over 4.000 names ( including ferns). This covers 
synonyms as well as valid names, and both native and 
natural ized genera. Names important in agriculture bave 
been included, but so far the coverage of horticultural 
plants is far from complete. 

A complementary project has begun in the preparation 
of a card i11dcx to Australi:rn species. In the absence of 
a mod0rn Oora of Australia full lists of species in any 
genus can only be obtained by reference to the Index 
Kewensis and its eleven supplements and to numerous 
papers. Even with this, the coverage may not be complete 
in the case of species described from specimens in other 
countries. but later found to occur also in Australia. Since 
this type of information is required as complementary to 
the index of generic names, as many as could be located 
hwe been copied from the Index Kewensis. When this 
copying is finished the search for species described else
where but occurring in Australia will be undertaken. 

ll is intended thal as genera are revised the relevant 
card will be marked so that the correct name of a species 
can be seen at a glance, together with its various synonyms. 

5. MICROBIOLOGY. 

(Division of Plant Industry.) 
(a) Phytopathology.-Research programmes in the 

field of plant disease arc concerned with host-pathogen 
relationships,. the eff_ect of environment on disease develop
ment, :rnd w11h vanous aspects of plant viruses. 

(i) Chemical Basis of Resistance in Plants to Fungal 
Attack.-Furthcr investigation of the mechanism of 
.. act ive resistance " of plants to fungal diseases has led 
10 the separation of an antibiotic principle in plant exudate 
from infected tissue; this principle arises as the result of 
interaction betwee~ living host tissue and parasite, where 
the former reacts in a suprasensitive manner. The anti
bio!ic . prin~iplc '~hich appears in French bean pods after 
t~eir mfect1on with Sclerotinia fr11ctico/a appears to con
si s~ O! two comp~nents which are dialysable. Crude pre
parations are active fungicides within a wide pH range, 
m the presence of nutrients, and after frozen storage for 
at least three months. 
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(ii) Wound Healing and Reaction to Pbytophthora 
infestans.-Physiologicnl changes initiated by the wound
ing of potato tubers have been found to involve an 
increase in the resistance of the cell layers adjacent to the 
cut surface prior to cutinization. 

(iii) /Upe11i11g /11/f11e11cc of Fruits Diseased by Sclero
tinia fructicola.-As the result of interaction between host 
and pathogen a gaseous principle is produced which causes, 
in adjacent healthy stone fruits, hastened pigmentation of 
the skin, premature softening of the tissues, and chlorophyll 
decomposition in the flesh without any increase in sugar 
content. The reaction is autocatalytic and after initiation 
proceeds in the absence of the pathogen. 

(iv) /3ro1v11 Rot of Stone Fruits.-Differences in incid
ence of brown rot in the Shepparton district noted under 
heavy waterlogging condition were again in evidence in a 
dry season when incidence on light soils was greater than 
that on heavy types. 

( v) Pinnt Virus Studies.-Tobacco mosaic virus 
(T.M.V.) isolated from plants infected with a mi.x.ture of 
two T.M.V. strains has been resolved into two components 
by continuous flow filler-paper electrophoresis. These 
components correspond in biological properties to the 
two T .M.V. strains used in the inoculum. Milligram 
quantities of virus have been resolved in this manner. 
The same technique has been used in the separation of 
naturally occurring mixtures of plant viruses. 

lnvestigations on tbe kinetics o( T.M.V. lesion develop
ment on hypersensitive hosts hav~ shown the rate of lesion 
growth to be a function of temperature and that the 
infectivity per lesion is a function of its size. Rate of 
development of lesions was found to be influenced by the 
physiological age of the leaf. The plant factor conferrin<> 
hypersensitivity to T.M.V. could not be transferred by 
grafting. , 

Big bud of tomato and yellow dwarf of tobacco are 
being studied with respect to hormone and inhibitor con
centrations in virus-diseased aocl healthy plants. Effects 
of photopcriod on long- nod short-day tobacco plants 
infected with tobacco mosaic virus and of Vinca rosea 
in fected with big bud are being examined in relation to 
sympton expression. 

(b) Soil Microbiology.-Studies of host and bacterial 
aspects in effectiveness of nodulation, resistance to nodu'la
lion, and cytology and biochemistry of bacteroicls have 
continued. Further work has been done on evaluation of 
nodule bacteria from Australian and overseas sources and 
on problems of faulty nodulation of subterranean clover 
in _the fie~d. The role of microorganisms in availability of 
soII nutrients has been studied further. 

(i) Symbiotic Variation in Subterranean C/over.-Sub
t~rrancan c!over has. been shown to be homogeneous in 
nitrogen fixmg capacity, and selection within varieties or 
in hybrid material has not given significant results. Most 
strains of bacteria, whether effective or ineffective, pro
duc~ the sa~e a1:11ount of nodular tissue. Occasional 
str::uns vary in this regard and there is some evidence 
~at ~uch divergcncics in nodule pattern may be simolv 
mhented. ' -

(ii) Symbiotic Variation in Red Clover.-Ineffective
n_ess due. to a recessive gene has been shown to be asso
ciated with th~ proliferntion of the infected host cells. 
An~ther gene is ~oncerncd with fai lure in bacteroid for
m_atton. Anal~mical and cytological features associated 
with the opcrnllon of these genes have been studied. 
. (iii) Phy~iology of lufcc1io11.-Infection takes place at 

discrete foci on the root; these :ire available for infection 
over a limited period and tbe probability of infection at a 
si_ngl~ focus r7main_s approximately constant. If the 
diluuon of th~ rnfcctmg agent is so high that certain foci 
arc not occupied, they may give rise to further foci. 

(iv) A11nt~mical. S~11dies of Root Nodules.-It has 
b~en found 10 Tnfolt11111 a111big11111n that failure to fix 
mtrogen, whether due to host variation or the use of 

unsuitable strains of bacteria, was characterized by the 
persistence of an immature type of bacteroid-cootaining 
tissue in which the cells accumulated large amounts of 
water-soluble polysaccbaride between protoplast and cell 
wall. This polysaccharide was found to be a Wtherto 
undescribed feature of all Trifolieae nodules, but occurs 
only io the regions where bacteroids are being formed. 
Delayed inoculation and late nodulation of clover and 
medics have been found to accelerate the rate of decay 
of bacteroid-containing tissue. A type of ineffective 
nodulation has been observed in subterranean clover in 
which bacteria were not released from infection threads 
but multiplied within tbem. 

(v) Studies on Bacteroids.-Cytological studies and 
cytochcmical tests have shown that metabolism of Krebs 
cycle intermediates such as succinate and pyruvate was 
confined to the peripheral mitochondria-like granules, 
while oxidation of glutamate and aspartate occurred 
throughout the cytoplasm. Suspensions of bacteroids 
from subterranean clover nodules are being used in 
biochemical investigations concerning the essential func
tional differences between bacteroids and the rod forms 
of Rhizobium from which they arise. Respiration studies 
show differences in glutamate and succinate metabolism, 
and bactcroids arc more sensitive to lowered osmotic 
pressure than rod forms. 

(vi) Bacterial Strain Variation.-Investigations of the 
relative effectiveness of nodule bacteria occurring on sub
terranean clover in the field in relation to seed inocula
tion and fertilizer applications have been initiated. 

(vii) Host Resistnncc.- Resistance to nodulation in a 
line of soybeans, owing to a gene mutation at a single 
locus, in incapable of modification by grafting; such 
plants arc resistant to all strains of bacteria. On the 
other hand, in Trifoliu111 abiguum, resistant plants 
exhibit very delayed susceptibility to infection, possibly 
combined with a sparse infectibility; in this case the strain 
of bacteria is important in terms of the degree of 
resistance. 

(viii) Delayed illoculatio11.-With subterranean clover 
a delay of two or three weeks signicantly shortens the 
Lime from inoculation to nodule development, but beyond 
this nodulation is delayed initially. For some weeks, at 
least, the nodules finally produced are less effective than 
those on plants where no delay or only a short delay has 
occurred. 

(ix) Eff ectivc Field Establishme11t of S11bterra11ean 
C/over.-The problem of faulty nodulation of subter
ranean clover on granite soils of the New England region 
was defined as the inability of known strains of 
Rhi::.obi111n trifolii to multiply in the rhizosphere of the 
seedling. Failure of seed inoculation, due to micro
biological antagonism in the rhiz.osphere, was reduced 
by prior cultivation and by the presence of charcoal. 
Very heavy r:ltes of inoculation were effective in the year 
of clover establishment. 

(x) Phosphate Transformations during Decomposition 
of Organic. Maller.-The solubility of rock phosphate 
:vas greatly incrc:ised by mixed cultures in liquid medium 
JO the presence o_f organic matter which decomposed to 
form acid, but this elTect was not apparent in soil. The 
pho~phate in ferric phosphnte became soluble in liquid 
m_ed1a under bot~1 acid and alkaline conditions, although 
~1th soi:1c orga111c sources the phosphate did not remain 
m solution for extended periods. Similar increases in 
solu_ble phosphate were detected in soil which recci ved 
fcmc phosphate and was incubated under anaerobic con
ditions with sugar. 

(xi) Microbiological Oxidation of Manganous Snits_ 
~hen add7d to soil manganous salts are oxidized ·by 
m1croorgan1?ms. The oxide so formed was prepared in 
pure bacterial cultures and was found to be an amor
phous hydrated manganese oxide. In tWs form the man
ganese was completely available to plants grown in sand 
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culture, but was only slightly available when added to a 
soil deficient in manganese. 

6. FRUIT INVESTIGATIONS. 

(Division of Plant Industry.) 

(a) At Hobart.-(i) Physiology of Apple Fruits in 
Relation to Storage Disorders.-Experiroents have been 
directed firstly to study of the basic responses to nitrogen 
when applied as a urea spray, and secondly to examine 
the possibilities of varying those natural growth sub
stances which are of fundamental importance in con
trolling the size, stnicture, and keeping quality of the 
fruit. 

The work has shown that applications of nitrogen in 
the form of urea presents difficulties; in dry seasons 
spring applications nre ineftcctivc and may produce leaf 
scorch, and summer applications may reduce fruit colour. 
Nitrogen, introduced by urea sprays, accumulates as 
protein and soluble nitrogen, the latter increasing faster. 
These increases have no effect on respiration rate at 
picking. The inAuence of nitrogen on disorders operates 
mainly through its effect on size, the direct effect being 
very smaU. In fact, the bad eficcts of high nitrogen 
may be less serious than nitrogen starvation which 
finally depresses both yield and keeping quality. 

Leaf sprays of phosphorus and potassium have had no 
effect on the fruit content even after three seasons. 

The responses to growth substance treatment were 
reduced by drought, but even so it appears that the seeds 
and the growth substances associated with them are 
important in fruit growth and keeping quality. It was 
found that seed number has no relation to keeping 
quality. 

(ii) Gas Storage.-A survey of a wide range of 
vancllcs has shown that low oxygen concentrations in 
the absence of carbon dioxide have allowed the use of 
low storage temperatures without increasing the suscep
tibility to low-temperature breakdown. T hese conditions 
have given good control of softening, have reduced 
wastage from disorders and rots, and have markedly 
reduced the proportion of soluble pectin. The texture 
of fruit is also superior under these conditions of storage. 
A pilot-scale trial of the method has been successful. 

The first commercial gas s tore in T asmania has been 
constructed with C.S.I.R.0. advice and commenced 
operation iu the 1956 season. 

(iii) Diphe11ylami11e Treatment for A pp le Scald.- In 
1955 Cornell University released advance information to 
the Laboratory at Hobart on the possibilities of this sub
stance for the control of apple scald. This advanced 
by twelve months the research on this important disorder. 
The experiments instituted here have shown that 
diphenylamine exerts a greater control of this disorder 
than any existing treatment and can be combined success
fully in the first wrap. Even if this substance finally 
proves to have limitations the discovery of its effect has 
opened a new avenue of research. 

(b) At Applethorpe, Q11ee11sla11d.-(i) Apple Roo1-
stock Trials.-The necessity for considering fruitfulness 
of stock-scion combinntions am.I not vigour of growth 
alone is exemplified by the cropping records of Jonathan 
and Granny Smith on Malling XII. and Spy rootstocks. 
With Jonathan trees eighteen years old, M.Xll. stock has 
produced lhe largest trees and the largest total crop of 
1530 lb. per tree; Spy has produced only 1110 lb. per 
tree. On the other hand, Grnnny Smith trees on M.Xll. 
although still the largest trees have produced 1360 lb. of 
fru it per tree, whereas the much smaller trees ~m Spy 
produced 1435 lb. 

Jn the pruning and stock trial the trends developed 
in cropping in early years still persists at seventeen years, 
with the Wickens trained trees stilJ maintaining the lead, 
in weight of fruit borne, over the more severely pruned 

trees. 

(ii) Pear Rootstock Trials.-Some vegetatively pro
pagated pear stocks which were selected for their ease 
of rooting by layering methods were budded to Williams 
pear five years ago. Greater vigour of growth is shown 
with trees on selections 1, 7, and 8 than by those on the 
commonly used Kieffer seedling stocks. 

(iii) Storage Q11a/i1y of Fr11it.-This is the first full 
year of operation of the new storage cabinets at the Field 
Station. Jonathan and Granny Smith fruits are being 
stored from a range of rootstocks and fertilizer treat
ments. Data for a study of the effect of climate and 
orchard factors as well as variation in the cell number 
of fruits are being accumulated. 

7. On.. CROPS. 

(Division of Plant Industry.) 

(a) Saff/.owcr (Carthamus tioctorius L.) .-Safflower 
trials carried out through the co-operation of the State 
Departments of Agriculture have defined areas in Aus
tralia where safflower can be satisfactorily grown. In 
general, areas with a mean annual rainfall of less than 
20 inches are too dry for safflower to yield satisfactorily. 
The drier wheat belt areas of Australia are therefore 
unlikely lo be suited to this crop. Under southern Aus
tralian conditions in the higher rainfall areas, poor emer
gence due to cold wet conditions a t sowing time, and 
sus~eptibility to w.eed competition due to slow growth 
during the cold wmter months, often result in safflower 
failure and make it a risky crop. 

Promising results in terms of yield have been obtained 
in the north-west of New South Wales and the Darling 
Downs, Queensland, where difficulties of establishment 
are not a problem. Jn these areas safflower has at least 
equa~led. an~ in most c::ises exceeded, linseed in the yield 
of oil. and m most cases exceeded wheat in monetary 
return. Satisfactory results have also been obtained in 
more northern areas of Australia. 

Trials are being carried out to determine the most 
satisfactory varieties for oil yield and quality in the 
promising areas. The varieties being tested arc selections 
from material introduced from overseas. 
~gronomic trials bave been continued. Close spacing 

(7-lll. rows) of saffiower resulted in a greater yield of 
seed per acre and higher oil content than wider spacing 
(21 and 28 in.). 

( b) Linseed.-Studies were continued with a number 
of introductions and selections from a cross of Punjab X 
~al~h. A numbe~ ?f these were considerably superior 
m yield to the varieties Walsh and Punjab and were not 
affected by rust under field conditions. 

8. TOBACCO I NVESTIGATIONS. 

(Division of Plant Industry.) 

(a) Ge11etics a11d Agronomic Srudies.-(i) Breeding.
A huo~red loc~ races of Nico!ia11a species (including the 
Australian species and naturalized strains of N. tabacum 
and N. glauca) have been grown in the greenhouse and 
tested .for resistance to blue. mould, tobacco mosaic, and 
freochiog. All were susceptLble to mosaic and to french
iug. All samples of N. glauca and N. tabacum were 
sus~eptible to blue mould, although a few plants of one 
stram of N. tabacum (T.S.17 received from Modlow 
Queensland) escaped infection. The races of the Aus: 
tralian species varied from complete susceptibility to 
almost complete immunity to blue mould. · 

The breeding programme for blue mould resistance in 
commercial flue-cur~? tobacco was expanded during the 
year. N. g?odspeed11 crosses have been the most resistant 
of .those tne.d, but there appears to be a falling off in 
re~1stance with each ba7kcross gen~ration, the second 
be1Dg, on average, ~ess resistant than the first. The second 
backcross gencrallon was made continuing with th 
N. goodspeedii cytoplasm by using the first backcross ~ 
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tne ovule parent; the progeny are developing male 
sterility of the type described by Clayton for bis N . debneyi 
and N. megalisophon crosses. Commercial flue-cured 
tabacum varieties were used as ovule parents and the 
backcross as the pollen parent, very few viable seeds were 
obtained, and most of the plants from them are dying 
before reaching the flowering state. Other varieties of 
N. tabacum are now being t ried as the ovule parent. 

Two lines of tobacco with N. debney i parentage were 
received from the United States Department of Agricul
ture during the year. One contains a proportion of 
debneyi-like plants resistant to blue mould, the other is 
readily infected by blue mould, which causes severe leaf 
distortion, but only slight spore production on some of the 
plants. These two lines are being further backcrossed to 
N. tabacum. 

Radiation t reatments of pollen and of dormant seeds 
of N. tabacum have failed lo produce any m utation con
ferring even a slight degree of resistance in any of the 
several thousand plants that have been tested in the first 
generation follo wing the irradiation. This work is being 
contiµued, and the possibility of recessive mutations con
ferring resistance will be tested in the next generation of 
selfed plants. 

(ii) Diseases and Disorders.- ln field-grown tobacco 
plants side-dressed with inorganic nitrogen, blue mould 
spread throughout all leaves, whereas it was not severe 
in plants grown on soil high in organic manrue. In plants 
low in nitrogen such as are grown for flue-curing, the most 
rapid spread of diseases occurred in leaves growing rapidly 
and nearing full size. Leaf damage was determined by 
the stage of leaf development and not by number of 
established infections. 

In seedings. efficiency of benzol vapour in preventing 
infection and spread of the fungus within leaves is affected 
adversely by the presence of excess moisture on leaves, 
or within the seedbed, during the day. The fungus 
causing blue mould was established in wet leaves and 
conti nued to develop slowly even though the quantity of 
benzol used prevented its development in dry seedlings. 
Neither "Zineb ", which is recommended for control of 
blue mould in the United States, nor the antibiotic s trep
tomycin, gave sat isfactory control of the disease in seed
lings. From this and from other evidence on host-plant 
relationships it appears that different strains of the fungus 
causing blue mould may occur in the United S tates and 
Australia. 

Separation of soil extracts (filtrates) into fractions by 
filtering, flocculation, and centrifuging was used in the 
study of £reaching of tobacco. The frenching ability of 
the fractions was determined by suspending healthy 
tobacco seedlings in Erlenmeyer flasks with their roots 
immersed in a solution of each fraction. Some soils were 
equaJly effective in causing frenching but their filtrates 
behaved differently. Fine filters retained all, or almost 
all, of the frenching factor. The ability of a filtrate to 
cause frenching was destroyed by boiling for a few 
minutes. 

A blue mould survey was undertaken in the Ovens River 
Valley, Victoria, where tobacco fields were inspected at 
three-weekly intervals throughout the growing season to 
observe the destructiveness of blue mould, and more 
especially, differences between and within fields. 

(b) Tobacco Quality.-Jovestfgations were continued 
at the Waite Agricultural Research Institute, Adelaide, 
special attention being given to carbohydrate and amino 
acid content of leaves as determined by paper chroma
tography methods. It was considered thftf the low carbo
hydrate and amino acid content found in trashy leaf may 
have been a consequence of conditions during growth or 
of losses during respiration in the early stages of flue
curing. These possibilities were examined in a study of 
the effects of nitrogen-potash nutrition on leaf quality. It 
has been found that the best-quality flue-cured leaf was 
obtained from plants supplied with high nitrogen and high 

potassium. The poorest leaf was produced where potash 
supply in relation to nitrogen was low. A range of degrees 
of trashiness was shown by plants with intermediate 
potassium to nitrogen ratios. 

9. G ENERAL Cli.EMJSTRY. 

(Division of Plant Industry.) 

(a) Phosphorus A vni/obility.-Only a small proportion 
of the tota l phosphorus in soils is in forms available to 
plants. Generally about one-third to one-half of the total 
phosphorus is in organic forms, which, although unavail
able to plants, could become availab.le if mineralized to 
inorganic forms. Very little is known of the exact nature 
of these organic phosphorus compounds in Australian soils, 
and work has been commenced to attempt the isolation 
and identification of the major compounds. Initially, work 
is beiog directed towards the separation, identification, and 
estimation of inositol phosphate and phytic acid derivatives. 

( b) Sulphur A vai/ability.-TotaI sulphur has been 
determined in 125 surface soils from eastern Australia. 
These analyses have shown that the soil sulphur is closely 
related to both soil carbon and nitrogen which indicates 
that the greater proportion of the soil sulphur is probably 
an integral part of the soil organic matter. Acid soils had 
a carbon : sulphur ratio of 120 while alkaline soils had a 
ratio of 83. This difference between acid and alkaline 
soils appears due to a difference in the nature of the organic 
sulphW" compounds rather than to the presence of larger 
quantities of free sulphate in the alkaline soils. 

(c) Trnce Element Availability.- (i) Manganese.
Studies on a manganese deficient soil from Rendelshaw, 
South Australia, have shown that small additions of man
ganese have produced decreases in the concentration of 
maog:u1esc in the plant. Larger additions of manganese, 
however, produced an increased concentration of this 
clement in the plant. These results, apart from their 
fundamental interest, indicate difficulties in the diagnosis 
of manganese deficiency from simple plant analyses. 

( ii ) Molybdenum.- Investigations of the absorption of 
molybdenum by soils indicate that in acidic ferruginous 
soils molybdenum is held on the surface of colloidal 
ferric oxide as the molybdate anion which is replaceable 
by hydroxyl ions. 

(d) Soil Fertility Studies.- A sruvey of the influence 
of superphosphate and subterranean clover on soils in 
the Crookwell district of New South Wales indicated that 
the soil pH decreased under the clover pasture. Soils 
which bad a pH of about 6.1 decreased in pH to values 
as low as 5.1 over a period of 26 years. 

Laboratory investigations have shown that this fall in 
pH results indirectly froru an increase in the organic 
matter under the improved pasture which leads to an 
increase in the cation-exchange capacity of the soil from 
about 5 milli-equivalents per 100 g of soils to about 
l 0 milli-equivalents over a period of 26 years. In the 
absence of any appreciable input of metal ions this h as 
led to an increase in exchangeable hydrogen, with conse
quent fall in pH. 

The.se investi~ations have also shown small, but signifi
cant, mcre~ses ~ the exchangeable calcium, magnesium, 
and potassmm m the surface under improved pasture. 
These ~ncreases apparently result from deeper root 
penetration of the unproved pasture enabling these nut
rients to be brought from sub-surface depths to tbe 
surfac.e. 

(e) Cobalt Uptake by Phalaris.-Plant material has 
been grown and spectrochemical analyses are ·in progress 
to study differences iu cobalt content and cobalt uptake 
between ecotypes of Phalaris. 

Cf) Nu!rition • of Pious radiata.-Au experiment in 
collaborahon with the Forestry and Timber Bureau 
has been comll:1enced, to study the uptake of boron, 
copper, magncsmm, molybdenum. nickel, and zinc by 
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pmi::s following the addition of these clements to the soil. 
Spectrochcmical analysis on samples from this experi
ment arc in progress. 

. (g) Fre11clli11g of Tobacco.~ymptoms of lead toxicity 
m tobacco have been observed to resemble early symtoms 
of frenching. Lead is of widespre:ld occurrence in soils, 
and conditions known to favour frenching are those 
favouring an increase in the solubility of lead. Spcctro
chemical and glass-house experiments have provided evi
dence which suggests that lead may be a contributory 
factor in the frcnching of tobacco. 

10. PLANT NUTRITION. 

(Division of Plant Industry.) 

(a) Lime-pelleted Clover Seed.-Promising results 
have been obtained by pelleting clover seed with lime. 
The lime pellet protects the Rhizobi11m inoculum from 
soil acidity and so allows nodulation of clover plants on 
soils which are otherwise loo acid for the survival of 
Rhizobi11111. 

Early research on a moderately acid soil deficient in 
molybdenum showed that the failure of the clover was 
due to the Jack of molybdenum for symbiotic nitrogen 
fixation. On the other hand, the failure of lucerne on 
the same soil was due lo the lack of nodules on the 
luceroe plants as well as to deficiency of molybdenum 
for symbiotic nitrogen fixation. Heavy dressings of 
lime allowed nodulation of the plants, and also corrected 
the deficiency of molybdenum by increasing avaiJability 
in the soil. Thus the lime bad :i dual effect on the 
luceroe. 

On more acid soils lime had a dual effect on subter
ranean clover by allowing nodulation and increasing the 
molybdenum supply. Jn experiments on the Southern 
Tablelands of New South Wales it was shown that the 
amount of lime needed to allow nodulation of the sub
terranean clover was very much less than the amount 
needed to correct the molybdenum deficiency. It there
fore became possible to develop this country more eco
nomically by using molybdenum supcrphosphate to correct 
the molybdenum deficiency, and by drilling inoculated 
clover seed with only 2 cwt. of lime per acre to allow 
nodulation. Further research showed that where super
phosphate had been applied, the lime counteracted the 
acidity of the soil in the immediate environment of the 
seed, and that numbers of rhizobia in the soil increased. 
This showed that the calcium in the lime was not required 
as a fertilizer, and hence opened up the possibility of 
creating a favorable microenvironment for the Rhizobium 
iooculum by coating the seed with lime. 

(b) An11no11iated Superpltospltate.- Several other 
methods were tested to 1.klcrminc the best me:.ms oI over
coming the problem of defective nodulation of legumes 
on acid soils. Recent work bas shown that superphos
phates will absorb ammonia in sufficient quantities to 
counteract the harmful effects of both superphosphate and 
soil acidi ty on the Rliizobirun. Ammon.iated superphos
phale used commercially as a combined N-P fertilizer 
in the United States supplies nitrogen to the young 
plants and has a very marked beneficial effect on the 
nodul:ition of clover on acid soils. 

(c) Supply and Availability of Element.s.-Au experi
ment at Canberra to determine the effect of subterranean 
clover on the nitrogen status of the soil is being con
tinued. The effect on the yield of a cereal crop will be 
measured. 

(d) Factors Affecting the Resronse to Fcrtili'l.ers.
Experimeots to determine the residual effects of fertilizers 
are being maintained. These include experiments with 
superphosphate, rock phosphate, sulphur, molybdenum, 
and boron. Residual effects of. molybdenum have now 
been observed for ten years. T here is stilJ a marked 
response to a dressing of 2 oz. of molybdenum trioxide 
per acre applied only in the year of sowing ( 1946). A 

dressing of molybdenum in 1955 gave a marked response 
on plots where molybdenum had not previously been 
used, but no response on plots where the original dress
ing had been applied in 1946. 

(e) Role of Elements in Planls.-Research on sulphur 
and nitrogen metabolism in plants is being continued. 

The work on purification of the plant enzyme carbonic 
aohydrase has shown it to be very unstable. The enzyme 
carbonic anhydrase in animals contains zi.nc, but there 
is no evidence that the plant enzyme does. 

Preliminary tests were made to examine the possible 
effect of potassium deficiency on any salt respiration that 
may accompany the uptake of potassium. Although 
potassium deficiency influenced tl1e rate of uptake of 
potassium, there was no concomitant effect on the salt 
respiration. 

l l. MINERAL NUTRITION 01' PLANTS. 

(Division of Biochemistry and General Nutrition.) 

1 he experiments mentioned in previous Reports have 
been continued to examine in greater detail the distribu
tion of zinc and copper in plants. Trifoli11111 subter
ra11e11m var. Bacchus Marsh was again used as tbe test 
plant. Three lines of investigation were followed, viz.:
(a) a re-examination of the distribution of zinc at 
different st~1ges of growth, (b) an examination of the 
changes which takes place in the distribution of zinc and 
copper during short periods of time, and (c) an examina
tion of th~ distribution of zinc under different conditions 
of z!nc supply. 

(a) Plants were grown in culture solutions in which 
the zinc was tagged with the radioactive isotope G5Zn. 
The distribution of zinc in the various organs at different 
stages of growth was examined by means of radio
autograph5. The distribution of O~Zn within entire and 
dissected inAorescences and in developing and mature 
sc.:ds was l.!Xamined in detail by the same technique. 

(b) Seedlings grown in complete culture-solution aod 
in zinc-free cultures were examined after short intervals 
of time during the first 46 days after germination. At 
each h::rvcst the leaves were sep:irated from the petioles 
ond grouped according to age. Jn this way it was 
po~sible to follow closely the g1ins and losses in dry 
weight and in zinc and copper content of successive, 
hc:ilthy leaves as they emerged and expanded, and to 
observe how leaves of comparable age behaved during 
the gradual onset of zinc deficiency. 

{c) Changes which take place in the distribution of 
zin:.: during the onset of zinc deficiency, on the one hand, 
and du1 ing recovery from a state of acute zinc deficiency, 
on the other. were determined by means of radfoauto· 
graphs prepared froin young plants grown in culture 
solutions to which nppropriate additions had been made 
of either inactive zinc or zinc tagged with o.~zn. By 
similar means it was possible to observe the extent to 
which zinc absorbed by the plant during early growth 
becomes redistributed, nnd to dt!tcrmine the location of 
recently acquired zinc. 

The results add tletail to the knowledge of the loca
tion and movement of zinc and copper in plant tissues 
and indicntc the trend of the changes in amount and 
concentration of zinc ~ind copper Lhat take place in 
individual leaves. A series of publications is being 
prepared. 

l 2. PLANT T OXICOLOGY. 

(Division of Plant Industry.) 

(a) Herbicide Tes/s.-Additional poisons prepared by 
tbe New South Wales University of Technology have 
been testcu. Phosphooous acid analogues of 2,4-D have 
lillle toxicily, and in some instances behave as antiauxins. 
The glycine analogue of 2,4-D is as active as a poison 
anti an auxin as is 2,4-D itself. 
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(b) Mistletoe lnvestigations.- Pield tests have . been 
continued in collaboration with the Forestry and Tunber 
Bureau on the killing of eucalypt mistletoe. For the 
first time more effective treatments than 2,4-D have been 
found, viz. 2,4-D plus borax, 2,4-D ph.~s 2,4,6-T, and 
2,4-D acid hydrazide. Further tests with . these co~1-
pounds are being made at highc~ concentrations, .and ~n 
addition, tests are in progress with phenoxybutync acid 
derivatives. 

(c) 2,4-D Extractio11.-A. method bas been evolved 
for extracting 2,4-D from mistletoe and eucalypt leaves. 
Conventional methods were unsatisfactory owing to inter
ference caused by the essential oils in eucalypt leaves. 

(d) Impedance Studies.-These have been applied to 
the measurement of injury caused by auxins and poisons, 
and for the development of a test for both auxin and 
toxic activity. 

It has been found desirable to use a correction for 
length of section when making either low-frequency 
resistance probe readings (RLF) or high-frequency 
resistance probe readings (RHF) alone. Thus after a 
possible intitial increase (depending on the poison) RLF 
x length decreases with increasing injury, whereas RHF 
+ length increases with increasing injury. This is 
because at low frequencies the main resistance in living 
tissues occurs at c~ll junctions, while at high frequencies 
resistance depends essentially on electrolyte concentra
tion. However. it is considered that RLF/ RHF gives a 
better index of injury for many purposes, approaching the 
value 1 when death occurs. 

(e ) Translocatio11 l11vestigatio11s.-Results obtained 
with orthoarsenic acid applied to skeleton-weed arc not 
in accordance with accepted theories of translocation 
which claim that the applied poison moves with the 
photosyntbate stream. Even if the leaves are sprayed 
with the arsenic acid after four dnys in darkness, good 
kills of the root are obtained. 

(/) Root Cu/tures.-For toxicity studies a method of 
liquid culture has been devised for skeleton-weed root 
sections. Best results have been obtained with a solution 
containing 9 per cent. mannitol and 0.01 per cent. sa[t 
solution. Sections remain healthy for more than a fort
night and accumulate little salt. 

13. PLANT PHYSIOLOGY. 

(Division of Plant Industry.) 
(a) Hormone Physiology.-(i) Hormone Transport. 

-Attempts to induce acropetal movement of auxin 
through se&ments of Phaseolus hypocotyls were unsuc
cessful except when treatment killed the tissue and 
allowed the possibility of simple diffusion. 

Information relevant to the problem of polnr transport 
has been obtained by studying the transport of 
indoleacctic acid (JAA) through segments of beau hypo
cotyls previously treated with a range of synthetic 
growth regulators. Many such substances, including 
2 4-D inhibited IAA transport, and the results are com
p~tibl~ with a hypothesis that they compete with IAA for 
"carrier sites". Io addition to their action on plant 
cells locally, commercial growth regulators which 
behave similarly to 2,4-D must also influence plants by 
interfering with auxin distribution. 

(ii) Frenching of Tobacco.- Large-scale quantitative 
estimations of the growth substances in leaves and stems 
of normal and frenched plants from a commercial crop 
in Western Austntlia have confirmed the preliminar y 
finding reported last year-that . the develo~ment of 
frenching symptoms in tobacco is accompa~1ed by a 
reduction in the extractable amount of the chief natural 
hormone, !AA. However, this auxin deficiency is now 
not considered the central mechanism responsible for the 
appearance of symptoms. It is ratb~r . a reflection of 
reduced activity of the stem npex, and 1t is the latter that 
leads to aberrant leaf development 

The concept of the activity of the stem apex having a 
controlling influence on the development of symptoms can 
be extended to other cases where the interfering factor 
may be a virus or mineral deficiency. The virus disense, 
big bud of tomatoes, is under investigation, using the 
same techniques as before. 

(b) Plant Development.-(i) Flower lnitiation.-Two 
experiments with Anagallis arvensis L. were carried out 
to establish stages in flower primordium initiation, and 
rates of development of such primordia in relation to the 
intensity of the evoking environmental stimuli (here chiefly 
length of day). The experience gained will enable similar 
investigations to be undertaken on plants of agronomic 
importance, such as subterranean clover. 

(c) Seed Plzysiology.-(i) Dormancy in Subterranea11 
C/over.-Further evidence on the action of carbon dioxide 
and activated carbon in breaking dormancy has been 
obtained. A concentration of ca rbon dioxide as low as 
0.3 per cent. is effective under certain conditions. The 
relative efficiency of these treatments bas been established 
for a range of varieties of different geographic origin, and 
at different stages in progress out of dormancy. In a 
similar fashion, complex experiments involving transfer of 
material between low and higher temperatures (the 
intensity and duration of cold being varied) have given 
information on the favorable action of low temperature 
in breaking dormancy. 

Of these three treatments, carbon dioxide was always 
the most effective dormancy breaker. The results support 
the view that the germination process consists of a series 
of interlinked reversible reactions. Low temperatures, 
activated carbon. and carbon dioxide all operate by con
trolling the effective carbon dioxide concentration at some 
internal site, and making possible an early reaction step. 

Such concepts are of value in characterizing strains and 
varieties for agronomic purposes. 

(ii) Germi11atio11 lnhibitor.-A simple bioassay bas 
been established for the detection and semi-quantitative 
estimation of the germination inhibitor present in Echium 
p/antngineum L. The inhibitor bas been found, not only 
in the seed, but throughout the plant. Progress bas been 
made in the concentration and purification of the inhibitor 
from crude extracts. 

(d) General.-(i) Nitroge11 Metabolism.-Using plant 
embryos it was established that, of the optical isomers of 
asparagine, only the L-form stimulated growth. The 
substance a-oximino-glutamate, a hypothetical inter
mediate of plant nitrogen metabolism, inhibited growth at 
concentrations at which glutamate stimulated. 

(ii) Pollen Germi11atio11.- ln plant breeding, the 
impossibility of obtaining certain desirable crosses may 
be concerned with pollen-stigma and style relationships. 
For this reason, a study of the iii vitro germination of 
pollen has been initiated. Glutamine strikingly stimulates 
pollen germination and pollen tube growth in Medicago 
sativa. 

(iii) Soil Fertility.-Soil fertility can be defined in 
term'! of crop responses rather than by the physical and 
chemical properties of a soil. This approach has been 
used in an investigation of the effects on crop growth of 
adding large quantities of organic matter to the soil. 
Declining soil fertility in terms of crop response is a 
high priority problem wherever semi-arid soils arc irri
gated. The Murrumbidgee Irrigation Area is no exception 
to this, and there are many advocates of organic farming 
as a solution of the problem. For tbis and other reasons 
it was decided to seek an understanding of the effect 
of incorporating large quantities of strawy material into 
the soil. Most of the work has been done with rice hulls, 
but field trials were also made with other materials. 

The main finding of the early work was that growth 
was stimulated by a marked increase in the availability 
of soil phosphate. Further work has been concentrated 



on this phosphate effect, and a series of pot experiments 
bas shown beyond reasonable doubt that the extra phos
phate was released from the "frozen assets" class of 
soil phosphate, and did not come from the rice hulls 
themselves. 

14. PLANT EcoLOGY. 

(Division of Plant Industry.) 

(a) Studies on Native Grasslands.-(i) A111ecological 
Studies of Bothriochloa ambigua.-A study of certain soil 
characters in relation to the invasion of native pastures 
by B. ambigua has been completed. The experimental 
establishment of B. ambigua in native pastures has again 
been impeded by unfavorable climatic conditions. 

( ii) Autecological Studies of Native Species (Trangie, 
New South Wales).-The economy of the Trangie district 
is based largely on grazing of native annual and perennial 
species. The basic ai.ms of present studies are to establish 
the yearly microclimatic cycles, the area over which they 
apply, and the response of the major native species 
measured in phenological terms to the microclimatic en
vironment. A rich ground flora has been m aintained over 
the past year of unusually high rainfall. Since February, 
1955, soil moisture has fluctuated but bas never been limit
ing. The relative effectiveness of rainfa ll on tbe two soil 
types in the area has been studied. 

(b) Alpine Ecology.- An alpine ecologist was recently 
appointed and is now located at Island Bend in the Snowy 
Mountains. The prime objective of this appointment was 
that ecological studies should be undertaken in alpine and 
subalpine areas of south-eastern Australia, particularly the 
relationships of vegetation to the conservation of water. 
The initial projects have included a reconnaissance 
ecological survey of the Australian Alps, a reconnaissance 
ecological survey of the Victorian section of the Alps, and 
a study of current soil and vegetation trends. The study 
of soil and vegetation trends is s till in progress, and field 
work in respect of the ecological and glaciological surveys 
has been completed. 

The study of soil and vegetation trends in high mountain 
catchments was commenced as an essential step towards 
rehabilitation. It is now generally agreed that these areas 
have been damaged and whether they are improving or 
deteriorating further is a contentious issue. The present 
study is showing that badly damaged areas are continuing 
to deteriorate, whilst favorably suitated areas are generally 
improving. A more significant finding, however, is that 
marked changes have occurred in the overall hydrology, in 
the direction of more rapid run-off, less infiltration, and 
increasingly erratic stream flow. It is tbese changes which 
present some of the main problems in successful catchment 
managcmcn~. 

The conclusions drawn from this and earlier work are 
that satisfactory catchment conditions can be ensured 
only by readjusting land use, combined in more seriously 
d amaged areas with active conservation works. The re
adjustment of land use considered necessary would require 
complete prevention of fires, and exclusion of livestock 
from virtually all areas above 4,500-4, 750 feet. In the 
remaining nigh mountain areas below this limit, successful 
management as a catchment-grazing resource might be 
possible, provided current grazing practices were changed. 
The mnnner in which grazing would have to be conducted 
is a study planned for a Inter date. 

(c) Ecology of Subalpine Grass/ands.-Studies of tbe 
origin of t reeless grasslands in the subalpine areas of New 
South Wales have continued. Nocturnal temperature pro
files in elevated valleys have been determined and trans
plant experiments along transects have commenced. The 
tolerance of tree-line eucalypts to low temperatures is being 
studied in the laboratory. 
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(d) Rain-forest Ecology.-The preJJ.Jrunary phase of 
general survey and classification of Australian rain
forests has been completed. Seven papers h ave been 
prepared for publication dealing with the environmental 
relations of different subforms of local vine forests. 

Microelimatic and hydrological studies at Whiao 
Whian State Forest near Lismore, New South Wales, are 
continuing in collaboration with the C.S.l.R.O. Division 
of Soils and New South Wales Forestry Commission. 

Factors Limiting germination, establishment, and growth 
of certain rain-forest species are being studied. 

{e) Vegetation Survey of Part of Macquarie Region, 
New South Wales.-The area is roughly 4,800 square 
miles and is bounded approximately by Trangie, Men
dooran, Gulargambone, and Dubbo. It covers the 
changes from the fiat country in the west to undulating 
aod hilly country in the east. The vegetation bas been 
classified in ten alliances (the mapping unit), each with 
one or two associations. E ight alliances are dominated 
by Eucalyptus spp., one by Acacia pendula, and one is a 
Stipa grassland. 

Field observation indicates multiple-factor control of 
the distribution of the communities. The principal factor 
is soil type, functioning mainly through texture, moisture, 
and nutritional status. Climatic limitations per se, in the 
form of seasonal incidence of rainfall, is apparent in one 
or two instances only. 

Present land use of the alliances and the effect of 
clearing, grazing, or cultivation on the vegetation 
(particularly the pastures) have been defined. 

(!) Ecological Studies on Weeds. (i) Competition 
between Skeleton-weed (Choodrilla juncea L.) and Cereal 
Crops.-Thrce preliminary t rials have shown nitrogen to 
be the main factor in the competition between skeleton
weed and cereal crops. Under conditions of moderate to 
low ferti lity competition was very severe. The depressing 
effect of the weed on cereal yields can be removed by 
applying high rates of fertilizer nitrogen or by planting 
where fertili ty has been built up by subterranean clover. 
Last season the temporary removal of the competition by 
spraying at various times was used to find tbe growth stage 
when competition for nitrogen was critical. It was found 
that the usual commercial spray is applied long after the 
weed has exerted its effects. Early spraying gave higher 
yields owing to removal of skeleton-weed early in the 
crop's growth when nitrogen supply was critical. 

(ii) Competition between Pastures and Skeleton-weed. 
-At Canberra the reduction of skeleton-weed popula
tions by different species of pasture plants and by fertilizer 
treatment has been determined. Sown species have 
reduced weed populations after five seasons but complete 
control is unlikely. The reduction of populations is 
purUy due to competition from volunteer grasses which 
in vade the pasture as fertility increases. At Cowra the 
results have been more promising; a marked reduction 
in the growth of skeleton-weed under competition from 
pasture plnnts has been recorded and it seems evident 
that there will be a progressive decrease in skeleton -weed 
density. In contrast to the Canberra results, grass has 
not been a significa nt factor in skeleton-weed competition 
at Cowra. 

(iii) Competition between Hoary Cress (Cardaria 
draba (L.) Desv.) and Cereals.-The successful control 
ot hoary cress by two applications of pheooxyacetic acid 
compounds at one- or two-year intervals has been repeated 
in large-scale fie ld experiments in the Wimmera District 
of Victoria. The greater effectiveness of the second 
application in comparison with the first bas been demon
strated at dosages as low as t lb. of active ingredient per 
acre. Jncreases in cereal yields did not always occur in 
the year of spray application, but yields were invariably 
higher in the following spraying. 
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(iv) Com(Jetition between Pastures and Hoary Cress.-· 
The significance in hoary cress control of the increase in 
the density of volunteer annual grasses recorded following 
spray applications of 2, 4-D and "Methoxone" is being 
investigated. Results to date indicate that Wimmera rye. 
grass (l oli11m rigid11111 Gaud.) reduces the density of 
hoary cress but that its effect is less marked than that of 
the spray applicat ion in this respect. 

( v) £11calypt Regeneration i11 Fire-breaf..s.-The main
tenance of fire-breaks in a condition in which they are not 
likely to carry fire is an important problem in forests. 
Ju many areas the regeneration of eucalypts by suckering 
following bulldozing of the original stand is creating a 
maintenance problem. The Division has commenced co
operative studies with the Australian Timber and ForeslTY 
Bureau in the Australian Capital Territory on the control 
of suckers by chemical methods. 

(vi ) Di.1·trib11tio11 of Introduced Plants in Soulli
em·tcm A11stralia.-Studies of the distribution of intro
duced weeds has continued, special attention being given 
to the relationship between soil type and the occurrence 
of particuJar species. Laboratory studies on the germina
tion requirements of a number of species and field experi
ments on tbe effect of fertilizers and time of sowing 
(temperature) on the species which establish are in 
progress. Work has also commenced on studies of the 
biological factor in germination and competition between 
individual weed species. 

(vii) Nasella trichotoma ( Yass River Tussock).
The ecology of the invasion of Nase/la into natural and 
sown pastures has been investigated. Herbicides were 
tested to reduce stands, and low rates of application of 
sodium trichloroacetate (25 lb./acre) have been successful 
in eliminating mature stands. Invasion of natural pastures 
in excellent condition is common on the established field 
trials, but no invasion of sown pastures can be induced 
when superphosphate is applied annually at 2 cwt. p~r 
acre. These trials are on rough hill country where 
cultivation is not possible and which is typical of areas 
where Nasd/a is the main problem. The control o( 
Nasella using sodium trichloroacctate at these rates is of 
major practical interest, but the method has proved 
unreliable under certain rainfall conditions. 

The need for rain following spraying of this herbicide 
was established several years ago, and work is now pro
ceeding to eliminate this source of unreliability. Furthi.:r 
trials have been laid down: these mainly consist of testing 
other herbicides and varying formalities of those pre
viously tested, and improving techniques of establishing 
pastures on rough hill country. 

(viii ) General Weed Coniro/.-Routine testing of com
mercial and experimental selective herbicides :md soil 
sterileots on important weeds is being continued as new 
materials and techniques appropriate to a particular need 
become available. 

(g) Grazing M a1111geme111 Experiment (Mitchell 
Labormory, Trangie).-T his project, which is being con
ducted in co-operation with the New South Wales Depart
ment of Agriculture, is designed to obtain information 
on management problems of the semi-arid Chloris pastures 
using various percentages of grazed lucerne as a supple
ment. A number of severe floods early in 1956 prevented 
any results of this project being obtained this season. 

(h) The Distribution of Natural Communities in 
Relatio11 to Soil N111rients.-Comparisons of the soils of 
natural communi ties have so far been confined to those 
which 07~ur on neighbouring sites. F ive suitable paired 
commurut1es were selected, and soils obtained from each 
of the ten s ites. Pot culture experiments using oats and 
subterrnncan clover as test plants are used to determine 
differences in nutrient status of the soils of each of the 
two communit ies. Concurrently or subsequently, as 

circumstances permit, nutrition trials with the particular 
Eucalyptus species occurring as dominants in each. of. tbe 
communities are made in pot cultures, the obJecuves 
beino both to determine the effects of the nutrients on the 

" individual species, and to ascertain whether any. element 
or clements bas a differential effect on these species. On 
the results obtained, a field trial can be designed to deter
mine whether plant nutrients play a significant role in 
competition between the eucalypts on a particular site. 
For example, it has been shown that there is a significant 
dilJerencc in the amount of available phosphorus in the 
soils of the E. polya11themos and E. 111elliodora woodlands, 
there being more available phosphorus in the former than 
ia the latter. A nutrition trial with tbe two species 
suggests that it is possible that E. polyanrhemos bas a 
higher phosph:ite requirement than E. melliodora. 

(i) Microclimates and Topography. - Preliminary 
studies have commenced at Canberra on the ranges of 
factors of the microclimate on various slopes and aspects. 
ll is intended to use the information obtained for studies 
of p lant establishment and growth. 

(j) Growth Studies.-An investigation was undertaken 
to obtain information on suitable methods of estimation 
of yield and also on various growth characteristics of 
four species. The species used were E. po/yamhemos, E. 
melliodora, E. fastigata, and E. bicostata. It bas been 
shown that for trees up to twelve months old there is a 
good correlation between yield and leaf ar~a. Significant 
correlations between yield an d height and height X 
diameter have also been obtained. 

15. BtOCHEMJSTRY AND BIOPHYSICS. 

(Division of Plant Industry.) 

(a) Biochemistry of Growth and Cell Differentiation. 
-Work on the biochemical processes underlying cell 
growth and cell differentiation, particularly the role played 
by nucleic acid components, bas been developed as 
follows:-

( i) G ro 11•1!t of Jsolated Roots of Subterranean Clover. 
- While higher plants nre in general wholly autotropbic, 
isolated organs m·c not. The labour of biosynthesis of 
many diffusible substances is divided among the various 
organs. Aseptic cul ture of isolated tissues permits a 
study o( which substances must normally be supplied 
from other parts of the plant. Under favourable condi
tions it indicates tissues suitable for studying the steps in 
tbe pathways of biosynthesis of certain metabolites. It 
also provides a means of studying the direct morpbogenetic 
effect of exogenously added substances. 

Preliminary studies of the exogenous nutrient require
ments of isolated roots of a number of species have been 
made. Subterranean clover has been studied in close 
detai l. For the growth of the primary apical meristem, 
the pH optimum is 5.5 to 6.0, the temperature optimwn 
is 25° C., and the optimal sucrose concentration is 1.5 per 
cent. There is an absolute requirement for nicotinic acid, 
and growth is promoted by adding thiamin, pyridoxine. 
L(+) arginine, L(+) glutamine, and L(+) asparagine, 
and possibly other yet unidentified substances in yeast 
extract. Jn the best media devised, initial growth rate of 
the root exceeds that in the intact seedling, but no treat
ment has yet permitted repeated subculture of the primary 
ap~ at a sustained high rate of growth. 

Subterranean roots exhibit a strongly " dominant" 
growth form. No lateral roots emerge within 5 to 8 cm. 
from the main axis lip, and no laterals within 20 to 30 cm. 
of the tip g row at a rate comparable with that of the 
primary tip. The lateral roots arc much thinner and the 
meristems more sluggish than in the case of the primary 
apex. Excised lateral meristems (commonly used in 
propagating clones of isolated roots of otber species) 
nearly always fail to grow. 
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Casein hydrolysate (140 mg.IL) has a stri~g effect 
in promoting the growth of the laterals. As their growth 
nlle suddenly increases, they thicken and the zones of cell 
division and cell elongation becom.e much l?nger. When 
these lateral meristems are excised, then- chance of 
survival is greatly increased. Casein hydrolysate, at ~owcr 
concentrations, promotes the growth of the primary 
mcristem. At concentrations supraoptimal for the primary 
rneristem, the lateral meristems are stimulated to grow 
rapidly. Tbus the two kinds of meristems arc favour~cl 
differentially by different concentrations of casein 
hydrolysate. 

(ii) Nucleotide Synthesis in Plants.-Thcse studies have 
been continued but results are yet in a preliminary stage. 
Work of Greenberg, showing the accumulation of 
-l-amino-5-imidazole carboxamide and its rioside in 
sulphonamide-inhibited E. coli, was repeated. Similar 
experiments using Ch/ore/la have failed to .rev~al. the 
presence of these compounds, though growth 1s s1m1larly 
inhibited by sulphonamides (50 per cent. inhibition at 
about 8 x. 10-"M). Pea seedlings grown in 8 x lo-5M 
sulpbathiazole were extracted, and the extracts were 
chromatogrammed on paper. Four diazotiznble (primary 
aromatic) amines appeared in the inhibited plants. One 
of these is probably 4-amino-5-imidazole carboxamide 
and the others are not yet identified. 

(iii) The Physiological role of LAA Oxidase.- This 
enzyme system has now been well studied by many 
workers, but no convincing physiological role has been 
assigned to it. Being one component determining tissue 
JAA concentrations, its activity may be expected to influ
ence !AA-induced growth. 

Some specific stimulants and inhibitors for the oxidase 
have been applied in growing test systems, and the effect 
on growth measured. Further experiments are necessary 
before any interpretation can be made. 

(iv) Isolated Epidermal Cell C11/t11res.-ln earlier work, 
excised flax hypocotyls were used to study the initiation 
and organization of adventitious meristems, arising in 
response to excision. Buds are derived adventitiously 
from meristems arising from the renewed division activity 
of mature cells in the epidermis. It bas been found to 
be possible to pull off the epidermal layer in a single-celled 
sheet. Attempts will be made to cultivate these isolated 
cells under conditions where they may undergo cell 
division. 

(b) Crystalline Yeast lactic Acid Dehydrogenase 
(Cytochrome b~ ).-The minimal molecular weight of tbl? 
enzyme on the basis of the haem content was estimated 
to be 97,000. As ultracentrifugal analysis has indicated 
a homogeneous protein of molecular weight 100,000-
200,000, the enzyme in solution probably exists as a 
monomer or <liroer. 

A polynucleotide component comprising 5 per cent. 
of crystalline enzyme dry weight was extensively studied. 
The sugar component proved to be deoxyribose, and the 
proportions of bases detected were adenine (0.41), guanine 
(0.11), cytosine (0.15), and thymine (0.33). Base, sugar, 
and phosphorus were present in equal proportions. As 
the nucleoti<le of the intact enzyme was hydrolysed by 
dcoxyribonuclcase but not ribonuclease, it was assumed to 
have the conventional deoxypcntose nucleic acid structure. 

Nucleotide removal by enzymic hydrolysis or salt dis
sociation did not affect lactic dehydrogenase activity, but 
the nucleotide-depleted enzyme could not be crystallized. 

Unsuccessful attempts were made to demonstrate phos
phate esterification ("oxidative phosphorylation") during 
lactate oxidation by solutions of the complete enzyme. 

Studies on enzyme inhibition showed that metal ions, 
particularly copper, were the main cause of instability, 
probably through oxidative destructio~ of a flavine-protein 
linkage. Ethylenediamineletra-acetate (" Verscne ") was 
effective in enzyme protection. 

(c) Biophysics.-Mea:;urements have been made of 
surfa ce po1ential differences in plant cells. When com
plete these measurements will indicate whether the 
post~late of an external membrane (plasmulemma) with 
differential permeability for potassium, chloride, and 
hydrogen ions can be substantiated. These and other 
studies to be undertaken will be of interest in under
standing the entry of substances, both nutrient and 
poisonous, into the cells, and their retention and 
transport. 

(d) Duboisia myoporoidcs.- A sample of Duboisia 
myoporoides from southern Queensland has been found 
to contain two alkaloids not previously known to be 
found in this species. The major alkaloid in the bulk 
samples examined has been i<lentified as panly racemic 
anabasine. The other base appears to be identical with 
the alkaloid pellelierine found in the root and stem bark 
of Punica grnnatum. As pclletierine is the active 
principle of pomegranate bark which bas been used since 
ancient times as a taeoicide, its occurrence in this geo
graphical variety of Duboisia may be of economic 
importance. The alkaloid is readily obtained in larger 
yield from this source than from pomegranate bark. 

16. PHYTOCHEMICAL SURVEY. 

(Division of Plant Industry.) 
Since the appointment of a full-tin1e field botanist by 

the Division of Industrial Chemistry, the direct participa
tion of the Division of Plant Tndustry in phytocbemical 
collections has been reduced. Co-operation through 
editing of Conference proceedings, and general super
vision of field activities, has continued. 

l 7. PASTURE lNvesTJGATIONS, CANJJeRRA. 

(Division of Plant Jndustry.) 

(a) Pasture Uti/iza1ion.-Tl.1e aim of pasture utiliza
tion is the co-ordination of the feed requirements of 
grazing animals and the production of such feed by 
pasture plants, so that a high degree of efficiency of con
version of plant food into animal products may be 
achieved. Investigation of this aspect of pastures necessi
tates the study under field conditions of the effects of 
the animal on plant communities and of the grazed 
material on the animal. 

One of tlJe main factors limiting the number of live
stock that can be carried on an area of land is the length 
of the periods of inadequate feed as measured either on 
a quantitative or qualitative basis. At an annual stocking 
rate limited by the periods of inadequate feed, insufficient 
animals are present to utilize any more tha.n a proportion 
of the feed present in periods when there is more than 
sufficient. I t has been shown that a large wastage of 
nutritious feed occurs when climatic conditions are 
unfavorable to plant production or sustenance. Besides 
the limitations imposed on the numbers of animals that 
can be carried, the varying amount and quality of feed 
seriously a[ect the productive performance of the 
individual animal. 

Evidence is being sought of the effect on animal produc
tion of insufficient feed supplies during the winter, and of 
poor quality supplies during the summer, by using various 
pasture and animal practices. Adaptation of plant out
put to best suit animal intake and of animal intake to best 
fit pasture production is being examined in a number of 
experiments. These include the effect on annual produc
tion of attempting to level out pasture or crop production 
or both, or usage by mechanical processes (hay conserva
tion, silage conservation, grain storage), by pasture 
manage~ent methods, and b~ the interposition of crops 
to provide out-of-season grazmg. Adaptation of animal 
needs to fit the varying plant supply is being studied in 
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terms of type or types of animal, time of reproduction, 
effect of limitation of intake at specific physiological 
periods, &c. 

(i) Pasture Conservation.- Long-term studies of the 
bebaviour of the pasture and of the animals grazing on it 
under various forms and intensity of pasture conserva
tion arc being continued. Heavier wool yields and 
increased meat production are being sustained on pastures 
where excess growth is conserved and fed back when feed 
is in short supply. Data are accumulating on the effect 
of such practices in altering the botanical composition of 
the pasture and on the reaction of the animal arising from 
these changes. ln addition, more detailed experiments of 
a shorter-term nature to elucidate the causes of the 
botanical change have been conducted. 

(ii) Pusiure Ma11age111e11t.-Previous work by the 
Division foiled to substantiate any pasture or animal 
benefit from rotational grazing as compared to continuous 
grazing. Recent trials using dry sheep have failed to 
show any advantages in wool production and liveweight 
gain from autumn-saved pastures. An examination of the 
effect of autumn-saved pasture on breeding ewes is now 
being conducted. 

(iii) Interposition of Crops.-One effect of the sale of 
crop products is to reduce the available nitrogen in the 
soil for subsequent pasture development. This is being 
examined in a comprehensive trial to determine the effects 
of such procedure on the ability of the clover constituent 
to rapidly replace the lost nitrogen, and to compare the 
effect of such clover dominant pastures on the grazing 
animal. 

(iv) Animal Adaptation.-The pasture management 
trial referred to above will, in addition, measure the effect 
on the ewe and on two types of Jamb of restricted intake 
during portion of pregnancy, and of increased availability 
of feed during lactation. A preliminary study has already 
been completed of the comparative effects of native and 
improved pasture uuder various forms of management on 
the milk production from Merino ewes and the effect on 
lamb growth. 

18. PASTURB 1NVCSTIGA1'10NS, A.RMlDALE. 

(Division of Plant Industry.) 
(a) Ecological Survey.-With the exception of several 

small areas yet to be covered, the field work in connexion 
with the ecological survey of the New England region is 
complete. Detailed reports on the climate, soils, geology, 
topography, and natural vegetation and the inter
relationships of each are being prepared. 

(b) Pasture Ecology and Aw ecological Studies.
Studies of the effects of winter burning of ungrazed native 
pasture have shown that the roost marked effect is in 
r educing the density of the annual grasses. Perennial 
grasses are affected much less. Annual burning for four 
years resulted in a 27 per cent. reduction in basal cover 
of perennial grasses. With burning in alternate years the 
reduction was only 17 per cent. 

From a study of the seasonal variations in nitrogen. 
sulphur, phosphorus, and calcium levels of the more 
important species in the native pasture an assessment has 
been made of the adequacy of these nutrients in the 
grazing provided for sheep. For dry sheep it appears that 
the calcium level would be adequate throughout most of 
the year, but phosphorus, crude protein, and sulphur 
would be bordering on deficiency during late autumn and 
winter, and during dry summers. 

(c) Grazing !Hanageme11t Studies of N ative Pastures.
An experiment iu which the effect of various summer 
management. prac~ices, including heavy stocking with 
~beep, sto~kmg with cattle, mowing, burning, and the 
mcorporatton of clovers on the winter production of the 

pasture has now been concluded after four years of study. 
In brief, the results indicate that whatever the summer 
treatment, the straight native pasture produced poor 
results from Merino weaners during the winter. Where 
clover bad been introduced into the native pastures the 
weaners made good growth throughout the winter. 

A comparison of lhe breeding performance, wool pro
duction, and liveweight gains of sheep offered different 
proportions of supplementary grazing on sown pasture 
has been made to give an indication of ways of increasing 
production for native pastures. Increased liveweight 
gains by weaners were recorded for each increase in the 
proportion of sown pasture from rhe lowest (4 per cent.) 
to the highest proportion (57 per cent.). Similarly 
increased wool production and percentage of lambs born 
anJ marked were obtained with increasing proportions of 
sown pasture. 

(d) improvement of Native Pastures.-It has been 
found that native pastures on non-arable land can be 
greatly improved by the incorporation of clovers. It is 
possible that an even greater improvement could be 
obtaiaed if high-quality forage grasses could be established 
in the same manner. However, such factors as the com
petition from native grasses and low initial soil fertility 
may make this difficult. h is planned to study these 
problems in a series of experiments which have just 
commenced. 

Toe possibility of increasing the rather poor and slow 
establishment of clovers surface-seeded into native pastures 
by iosecticiclaJ treatment of the seed before sowing has 
been investigated. Ao improvement in establishment of 
about 20 per cent. has been obtained by the use of 
chlordane dust. 

(e) Species and Strains Trials.-Lucerne bas grown 
well at most si tes and, as a legume for use in utilizing the 
moisture available from the summer rains, is the most 
promising. The good performance of subterranean clover 
on the more western sites indicates that the environmental 
limits of this species have not yet been reached. 

Pfwkrris tuberosa bas been the best grass species. How
ever, following fertility improvement by clovers, other 
grasses arc coming into prominence. In the east, eocks
foot and Phalaris arundi11acea have been somewhat more 
productive than J>. tuberosa. Two fescue species have 
also done moderately well. 

1n a comparison of various species mixtures under 
grazing, Merino weaners made greater Jiveweight gains on 
a pasture of Demeter fescue and white clover than on 
pastures of Pfta/a!·is tuberosa and white clover or perennial 
ryegrass and white clover. An average stocking rate of 
6.8 weaners per acre was maintained on these pastures. 
11 varied from 5 per acre in winter to 12 per acre in late 
spring and early autumn, and 8 per acre in summer. 

(j) Ley Pas111res.-Tbe winter productivity under 
graz~ng of ~arious short-term pastures and oats is being 
studied. Wm1mera ryegrass a.nd Tallarook subterranean 
clover have b~en more productive than short-rotation rye
grass, oats, cnmson clover, and red clover. The yield of 
oats <.leclined considerably over a four-year period despite 
the fact that the crop was grazed in situ. 

(g) Plant Nutrition Studies.-Tbe improvement of the 
quality and productivity of native pastures by increasinu 
the productivity of native legumes through the use of 
ferti lizers bas been investigated in a pot experiment. The 
r~sponse of six native legumes to phosphorus and sulphur 
smgly am.I together was compared with that from natural
ized legumes and subterranean and white clovers. The 
yieJc.l of native legumes was doubled where both phosphorus 
and sulph~r were applied, but it was still low. The yielJ 
of nuturalizcd legumes was increased about eight times 
over that from native legumes wben phosphorus and 
sulphur were applied. 
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The survey of the plant nutrient status of the soils of 
the New England region has progressed a stage further by 
the inclusion of four more sites. Recent results confirm 
those reported earlier, namely, tbat-

(i) Nitrogen is deficient in all soils tested. 
(ii) Phosphorus is the main deficiency on the podzolic 

and solodic soils, irrespective of the parent 
material from which they arc derived, 
although a less acute deficiency of sulphur 
also exists in these soils. 

(iii) Sulphur deficiency is most severe in soils derived 
from basalt and in kraznozems derived from 
latcritc. No p lant growth response to 
calcium, potassium, magnesium, or any of the 
trace clements has been recorded, with the 
exception of a slight response to boron at one 
site. 

With the object of effecting economy in the use of 
superphosphate, an experiment is in progress to investigate 
whether the production of a pasture can be maintained 
by making an initial application of superphospbatc and 
thereafter meeting the annual nutrient requirements by 
applying gypsum. Pasture yields taken in the second year 
of this experiment showed that an initial dressing of 
2 cwt. per acre of supcrphosphate had a low residual 
value. However, an initial dressing of 8 cwt. per acre 
had a high residual value. On a basaltic soil where 
marked responses by a natural pasture to an application of 
gypsum was previously reported, some response was still 
evident after three years. 

(/z) Clover Nodulation.--Sowings of subterranean 
clover in new land are often poorly nodulated in the first 
year despite conventional methods of inoculation of the 
seed. During the year a re-examination was made of the 
effect of a number of factors known to be of importance 
in ensuring nodulation. Among these were methods of 
placement of inoculum, methods of neutralizing the super
phospbate applied with the seed, supply of nutrients, and 
supply of energy. None of the treatments involving these 
factors had any erfect on nodulation. Other treatments 
calculated to increase the numbers of organisms added to 
the soil, such as the use of massive doses of inoculum or 
the addit ion of soil from an area where subterranean 
clover was established, gave a high percentage of nodulated 
plants. 

(i) Sulphur Studies.-As a preliminary step in a 
detailed study of sulphur in the soil-plant-animal complex, 
investigations of sulphur in soils have been commenced. 
Analytical techDiques for the rapid and accurate deter
minations of total and sulphate sulphur have been studied. 
Methods have been devised which overcome the' various 
objections to accepted standard procedures, and these are 
now being tested over a wide range of soils. Marked 
differences have been noted in the two soils so far studied 
in detail. The potential for adsorption of sulphate by 
some soils may be very great. 

19. PASTURE INVESTIGATIONS AND AGRICULTURAL P HYSICS, 

D ENILJQUJN. 

(Division of Plant Industry.) 
(a) Agricultural Physfcs.-Advances have been made 

in this field in the theoretical tJeatment of isothermal soil
watcr phenomena. A relaxation solution of the Stokes
N avicr equation and a study of the tensorial nature of 
permeability have led to advances in understanding of the· 
validity of Darcy's Law. An investigation has also been 
made of the influence of inertia effects on the limits of 
this law. 

A quantitative physical understanding of infiltration 
has been made possible by solving the general partial 
dilierential equation describing water movement in un
saturated porous materials. Mathematical methods have 
been published for solving the concentration-dependent 
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diffusion equations describing water movement m 
horizontal (absorption) and vertical (infiltration and 
capillary rise) porous systems. By treating the water in 
the soil, the plant, and the atmosehere as a thermo
dynamic continuum it has been possible to set up a 
biophysical model of the processes of normal transpiration 
and of temporary and permanent wilting. , 

A theoretical and experimental investigation has 
commenced on the influence of advection on the micro
climate and energy balance under irrigated conditions to 
assses quantitatively the influence on an irrigated area of 
air moving into it from surrounding unirrigated land. 
This should provide improved methods for estimating the 
water needs of irrigated areas. 

(b) Ecology.-Two separate studies on the ecology of 
the Riverine Plain dealing with the physical factors of the 
soi.I which affect the distribution of species have been 
completed. In the gilgai microrelief the factors operating 
in distributing species between the shelf, the puff, and the 
depression appear to be tho soil moisture content at which 
water becomes available to plants and particularly to seed, 
the intensity of soil cracking which influences seed 
retention, moisture penetration, the extent to which root 
systems are damaged, and the aeration of the soil. 

Emphasis is now being placed on the ecology of the 
pasture species grown under irrigation. During winter 
the soil space available for air in Riverina clay is below 
10 per cent. for extended periods. It seems probable that 
inadequate aeration is responsible for poor winter growth 
o( irrigated pasture. It has been shown this year that high 
concentrations of carbon dioxide for eight days cause 
stalling of Wimmera ryegrass during that period and 
reduces the dry-weight production by half compared with 
that of plants grown in a normally aerated culture, or in a 
culture where available oxygen was reduced by 75 per 
cent. Plants which stalled during periods of high carbon 
dioxide supply grew normally and rapidly as soon as 
normal aeration was resumed. 

(c) Agro110111y.-Of thirteen pasture species grown 
under natural rainfall conditions for four years the most 
productive and persistent have been Wimmera ryegrass, 
barrel medic, and luccme. 

Medicago i11rerrexu1 and M. ciliaris also showed promise 
for alkaline clay soils during 1955. Eight of the most 
promising species, including those mentioned above, are 
being put out this year to determine the production of 
herbage during the winter and of edible pods for summer. 
The influence of seed size on establishment and on produc
tion is also being studied. 

Medicago tribuloides and subterranean clover were best 
established into natural pastures on Riverina clay after 
heavy cultivation. Competition from weeds and the 
native pasture species was not sufficiently restrained by a 
light cultivation. Surface sod seeding was unsatisfactory 
owing to competition from other species. 

(d) Pasture Utilization.-Further digestibility trials 
were conducted to investigate the mathematical relation
ship for organic matter digested and feed nitrogen intake, 
with faeca l nitrogen. 

It has been reported earlier that on a paspalum-cocks
foot-wh ite clover pasture where food intake for sheep wa~ 
rationed during the autumn, the body weight increase per 
acre was inversely related to stocking rate but that this 
relationship did not hold for wool production. The 
increased efficiency of utilization for wool production when 
~nl~ke is rationed is an impor~ant feature for managing 
1rngatcd pastures. 

(e) Genetics.- A trial has been commenced to estab
lish the performance of Canadian hybrid creeping rooted 
lucernc and Hunter River type luccrne on clay soil under 
d; y and ~rrigatc~ conditions. The Hunter River type bas 
yielded six cuts m the season and the hybrid has yielded 
three cuts. The wet season gives no valid comparison 
between the irrigation and dry treatments. 



Areas of mixtures of strains and mixtures of hybrids of 
subterranean clover were sown during 1955 at Deniliquin, 
Oaklands, Tooleybuc, and Euston as indicated in last 
years' Report. In spite of a good season and good initial 
establishment at Euston, yields were low and regeneration 
in 1956 is scant. Tooleybuc regeneration is good on 
heavy soil and poor on light soils, and at Deniliquin and 
Oaklands regeneration is good on both light and heavy 
soils. 

(f) Animal Productio11.- Work on the heritability of 
twinning in Merino ewes has been done in co-operation 
with the Division of Animal Health and Production. 

20. PASTURE INVESTlOATJONS IN WESTERN AUSTRALIA. 

(Division of Plant Industry.) 
(a) Grazing Management of Annual Pastures.-A 

point of general interest aris ing from the comparison of 
continuous and autumn-deferred grazing on a sub
terranean clover pasture at Perth is that losses of dry 
pasture during summer are much greater than can be 
nccounted for by animal consumption. These unaccounted
for losses arc due primarily to trampling by the sheep and 
are most noticeable when the pasture residues at the 
beginning of summer are high. The use of meadow hay 
conservation to reduce these losses is being examined. 

(b) Studies 011 Perennial Grasses.- (i ) Phalaris 
tuberosa.-The study on the effect of row spacing on 
yield and persistence bas been continued. Over the 
period 1950-55 (inclusive) the wider-spaced rows, 35 and 
49 in., have consistently produced more herbage per plant 
than the 7- and 2 1-in. rows. 

A further trial involving four strains of Phalaris tuberosa 
with and without fertilizer nitrogen is proceeding. 
Results from the second year (1954) are now available. 
In all strains, plant persistence was considerably improved 
by either applied nitrogen or supplementary irrigation. 
There was no evidence of interaction. With respect to 
production of herbage, however, there was a very marked 
positive interaction between nitrogen and supplementary 
irrigation. Coupled with this was a reduction in yield of 
associated annuals in the autumn-winter period. In spring, 
both the perennial and annual species responded to the 
above treatments. The longer growing season appears to 
have conferred a relative advantage on the perennial grass 
in the year following the irrigation treatment. 

The effects of waterlogging on Phalaris seedlings are 
being studied in pot culture. Waterlogging per se is not 
necessarily adverse. It is detrimental, however, when 
J1111c11s bufonicus is grown in association with the grass. 
Another problem with Phalaris tuberosa is the mortality 
during the first summer with late spring transplanting. 
This does not seem to be simply related to moisture supply. 
The possibiJity that reserve carbohydrates are implicated is 
being examined. 

(ii) Other Grasses.-The four perennials, Hyparrhenia 
hirta, Pha/aris tuberosa, Ehrharta calycina, and Ornopsis 
miliacea are being studied under intermittent grazing at 
Perth and Kojonup, both with and without applied 
fertilizer nitrogen. Plwlaris tuberosa and Ehrharta 
calycina are both under rotational grazing at Kojonup. 
Results so far have shown firstly, the extreme selectivity 
of sheep grazing on the veldt grass pasture, and secondly, 
better maintenance of body weights of sheep during 
summer on the Phalaris pasture. 

The building up of a non-shedding strain of Ehrlzarta 
calycina by means of the polycross test is proceeding. 
Generally speaking, the performance of perennials at 
Kojonup has been disappointing. One possible reason for 
this is the restricted root development on Balgarup sandy 
loam, on which most of the work has been conducted. 
Several grasses will therefore be examined on other soil 
types more favourable to root development. 
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(c) Species and Strai11 Trials with A nnuals.- (i) Sub
terranean Clover-The single plant studies at Kojonup are 
nearing completion. Data based on a large number of 
strains grown over several s\!asons have confirmed earlier 
work at Adelaide in that total production is highly 
correlated with maturity. However, in contrast to the 
Adelaide work, it was found that seed production was also 
positively correlated with maturity. Ao explanation for 
this apparent discrepancy is being sought during the 1956 
growing season. The main differences in total produc
tivity between strains seem to be accounted for by time 
of maturity. Indeed, after averaging the five years' 
productivity data, aod adjusting these for maturiry, no 
differences between strains reached significance. 

Under sward conditions, the early strain Dwalganup 
has been outstanding for seed production at Kojonup. 
However, further information, using a large number of 
strains, is being sought during 1956. 

(ii) Brome Grasses.- Plots of the four species of 
Bromus and eight strains of B. mollis were established 
during J 955. Continuous grazing will commence in May, 
1956. 

(d) Plant Nu1ritio11 Studies.-(i) Pot Culture Trials, 
Perth-Utilization of phosphorus from three sources 
(superphosphatc, tricalcium phosphate, and rock phos
phate) by several legumes during early growth has been 
investigated. Two trials were conducted, one in winter 
(under glass) and one in summer (out-of-doors). No 
marked differences were found between the two strains of 
subterranean clover-Dwalganup and Bacchus Marsh
in their reaction either to source or level of applied 
phosphorus. Barrel medic, on the other band, appeared 
sensitive to low levels of phosphorus. Lupins showed 
the least relative response. However, the alleged 
superiority of lupins in utilizing phosphorus from rock 
phosphate was not supported in these trials. 

(ii) Field Trials, Kojo1111p.-The influence of season 
on zinc response in subterranean clover is still under 
investigation. Again, in 1955 responses to zinc were 
negligible. The reasons for the marked responses in the 
first year only of this trial {1952) are still obscure. 

The residual effects of superphospbate and rock phos
phate on a suhterranenn clover pasture is still under 
examination. Pasture production on the plots receiving 
high initial dressings of rock phosphate outyielded the 
corresponding supcrphosphate plots in 1955 (fourth year 
of trial). However, percentage utilization of phosphorus 
from the rock of phosphate has remained low at approxi
mately 4-6 per cent. A comparison of annual applica
tions of superphosphate with single initial dressings is 
being made on two soil types. The trial will be com
pleted at the end of the 1956 growing season. 

Marked sulphur responses were observed in two experi
ments during 1955; both of these have been in progress 
for several years. lo a third trial, of more recent origin, 
responses were negligible. There bas been a steady 
increase in the severity of sulphur deficiency on sub
terranean clover pasture, starting de novo. This may 
result either from leaching, or (more likely) from 
decreased availability of the " native" soil-sulphur due to 
its incorporation in soil organic matter. 

(e) Ecology of Annual-type Pastures.-Long-term 
seasonal effects on botanical composition changes under 
grazin~ arc continuing at Kojonup. Despite the high 
mortality of subterranean clover seedlings after the Feb
ruary rains in 1955, this species grew well during the 
winter months. The possibility that leaching of sofl 
nitrogen promoted clover growth requires examination. 
Mortality of clover (and also of silver grass and cape
weed) seedlings after the early autumn rains in 1956 was 
also heavy. Seedlings of ripgut brome grass and Erodium 
botrys evidently possess superior drought resistance. 
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(f) Soil Fertility /11vestigatio11s.-Jn last year's Report, 
it was mentioned that striking increases in total soil 
nitrogen were observed in an acutely phosphorus-deficient 
subterranean clover pasture. Indeed, the rate of increase 
was quite out of line with the product ion of the legume. 
This high rate-equivalent to approximately 70 lb. 
N / ac/ year-has continued during the fourth growing 
season. No satisfactory explanation has yet been 
advanced, and in view of the unexpected results, con
firmation will be sought in a further field trial com
mencing during 1956. An auxiliary pot culture trial 
wiU also be conducted at Kojonup. 

Two experiments have been in progress since 1952, in 
which wheat is continuously grown on areas previously 
under clover pasture. Soil nitrogen levels have remained 
fairly uniform over the four years, but cereal yields have 
declined steadily. Turning in the cereal stubble has (in 
most instances) reduced yields more than either burning 
or removal of stubble. The trial~ will be continued for 
a further two seasons. 

21. P ASTURE lNVESTIOATIONS IN SOUT H-EASTERN 

QUEENSLAND. 

(Division of Plant Industry.) 

I. Regional. 
(a) Coastal Lowla11cls.-(i) Ecology--Some field 

observations on coastal islands have yei to be made, but 
most of the coastal lowlancl survey is complete. The 
preparation of an integrated series of papers under the 
general title " The Ecosystem of the Coastal Lowlands of 
Southern Queensland " is in hand. Separate geological 
studies have been made to help in providing a satis
factory interpretation of the results of the major survey. 

(ii) Pasture Species a11d Mixtures.-The significance 
of the occurrence of poorly drained gley soils and drought
suscept ible sandy laterities in a mosaic pattern at Beerwah 
has been accentuared. It is apparent from harvest figures 
that the season of maximum growth is widely different 
for these two soil types. The lateritic soils procluce well 
in wet spells, and the gleys in drought. This feature 
could favourably affect the seasonal distribution of pasture 
production from the region as a whole. White clover was 
nematode infested on lateritic sand but unaffected on 
gley. 

Trials to estimate the nitrogen contribution to pastures 
by various legumes have indicated Desmodium unci11atum 
and Indigo/era endecaphy/la as valuable species in this 
respect. Stylosanthes bas given disappointing results, but 
Desmodium intortttm and D. sandivichense show promise. 
In a replication of 36 simple grass and legume mixtures 
yields of 2.800 lb./ ac. of dry matter were obtained from 
the best. 

The trial on nutrient limitation, particularly nitrogen, 
on a Paspalum dilatatum sward at Caboolture has shown 
that high herbage yields (up to 12,200 lb./ ac.) can be 
obtained with a generous nitrogen supply, but that protein 
yield (1 ,200 lb.lac.) and nitrogen recovery (30 per cent.) 
were low compared with European results. 

Study of variation in white clover showed a range in 
morphological characters and yields, with Ladino most 
productive, New Zealand and Irrigation intermediate, and 
Louisiana least productive. 

(iii) Plant N11tritio11.-T he nutrient status of the soils 
of the Beerwah ex-periment area is now known. Plant 
nutrition work is becoming increasingly directed to the 
problems of pasture maintenance rather than establish
ment. Yield data and foliar deficiency symptoms indicate 
a need for repeated dressings of phosphate and potash, 
especially to mixed grass and legume swards. The reason 
for the necessity of frequent fertilizer application is not yet 
clear. Growth depression following the use of acidic 
fertilizer and the cause of anthocyanin pigmentation in 
white clover (a suspected boron deficiency symptom) re
main to be investigated. Soils from the Bundabcrg area 

show similar deficiencies in respect of nitrogen, phosphorus, 
potassium, calcium, and sulphur to those at Beerwah, but 
no response to trace elements is apparent 

(b) Spear Grass Regio11.-A soil survey by officers of 
the' Division of Soils has established the existence of 
prairie and solodic soils as the two main soil groups carry
ing spear grass in the Rodd's Bay experiment area. 

In species selection work at Rodd's Bay, Phaseolus lathy
roides, Stylosanthes gracilis, and S. bojeri, continue to 
show superiority in yield and persistence, and have spread 
by seeding, especially P. lathyroides. Alysicarp11s bupleuri
{foris, a native annual legume, bas assumed importance in 
the experimental area probably as a result of phosphate 
application. Chloris gayana, Paspalum commersonii, and 
Paspalum plicat11lum continue to do well among grasses. 
Others of the Paspalum genus show promise, but Cenchrus 
ciliaris and Panicum maximum (var. tricholglume) have 
been disappointing. 

New grazing trials on 15-acre blocks using Phaseolus 
latliyroides sown with both Paspalum commersonii and 
Chloris gayana have given good Jiveweight gains during the 
winter period, in contrast to weight losses on native spear 
grass. 

Plant nutrition investigations have shown responses to 
phosphorus, sulphur, molybdenum, ancl calcium carbonate, 
on Rodd's Bay soils. Although large increases in yield 
resulted from applications of either sulphur and molyb
denum or calcium carbonate, the calcium response appears 
unrelated to molybdenum, and there is no response to 
sulphur in the presence of the heavy dressing of calcium 
carbonate. In trials using Phaseolus latliyroides and 
Trifoli11111 repens, both phosphorus and sulphur deficiencies 
were confirmed in soils at " Brian Pastures''. Calcium 
response occurred only with 1'rifoli11111 repens. 

(c) Sow11 Paswres 011 Black Soils (Cooper Laboratory, 
Lawes).-An experiment has been commenced on the 
immediate and residual etTccts of heavy dressings of 
ammonium sulphate on yidd and carrying capacity of 
Paspalum commcrsonii pastures in pure stands and asso
ciated with Medicago sativn in rows. Grass top-dressed 
with 10 cwt. ammonium sulphate had double the carrying 
capacity of unfertilized grass plots (from 3.2 to 6.4 
sheep/acre), in the first season. Grass with associated 
M. sativa gave an appreciably smaller increase in carrying 
capacity. Trials to establish the optimum nitrogen dressing 
for Paspal11m commersonii swards have shown no addi
tional response above 7 cwt. ammonium sulphate/acre, or 
its equivalent. 

(d) Sown Pastures 011 Sandstone Ridge Soils (Cooper 
Laboratory, Lawes).- Evidence that Medicago sativa and 
Medicago trib11loides can be established on the sandstone 
ridge soils of the Bundamba and Marburg series, if their 
nutrient and rhizobial requirements are met, is now con
clusive. With applications of superphospbate, molyb
denum, and lime, M . sativa has persisted for three years, 
and M. tribuloides bas shown vigorous natural regenera
tion. Boron deficiency has been recorded in both pot and 
field experiments with M. tribuloides, and has adversely 
affected seeding. The applications of lime needed to estab
lish these legumes may aggravate the boron deficiency. 

Plwseolus lathyroides can be grown on these soils with
out lime if molybdenum is supplied; the addition of lime 
can induce zinc deficiency symptoms in this species. M. 
sativa, M. trib11loides, and P. lathyroides have shown 
copper response in pot trials, but this has yet to be con
firmed under field conditions. 

(e) Brigalow Scrub Region (Acacia barpophylla).
Pasture improvement work involving research in agrosto
logy, agronomy, and plant nutrition in the brigalow region 
began in 1955. Briga1ow (Acacia harpophy/la) associa
tions occur chiefly between the 20- and 30-in. isohyets in 
a tract extending 750 miles in a north-south direction from 
Collinsville in Queensland to Gunnedah in New South 
Wales; 16,000,000 of an estimated 23,000,000 acres remain 
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undeveloped. The highly fertile brown to gray calcareous 
clays support agriculture and dairying in closely settled 
areas, and sheep and beef cattle elsewhe~e. Develop~ent 
has been simplified by large-scale mechanical and chemical 
methods of clearing. 

Three experimental sites have been chosen along a north
south ttansect of Queensland. They include typical areas 
of the three major soil types of different geological origin 
on which brigalow is found . Each centre has an average 
atmual rainfall of about 25 inches, predominantly of 
summer incidence; the southern centre bas reliable rain
fa ll, well distributed with a significant winter component; 
the northern centre has less reliable rainfall, with no 
significant winter component. 

Studies of establishment and growth, and evaluations 
of productivity of strains of the grasses Clzloris gayana. 
Cenchrus ciliaris, Panicwn maximum, Panicum coloratum, 
and of selected species in the genera Paspalum, Digitaria, 
and Urochloa, and of legumes in the genera Phaseolus, 
Crotalaria, Centrosema, Clitoria, Desmodium, and Medi
cago are being made. A number of recent plant introduc
tions are included in these trials. Pasture mixture studies 
will be conducted on combinations of the most promising 
grasses and legumes. This work is being conducted on 
three properties located in the north, central, and southern 
brigalow scrub region. 

Pot culture trfols on brigalow soils and the other major 
soil types associated with brigalow country in the centraI 
and southern regions have been designed to establish the 
macro- and micronutricnt status in these soils. Some cor
relation is sought between the nature and degree of de
ficiencies, the geology of the soil parent material, and 
the various characters of the different soil types. 

II. General. 
(a) Plant N11tritio11.- Marked differences in specific 

responses to nutrients have been observed among legumes. 
Genera of temperate origin, e.g. Tri/oliwn and Medicago, 
have shown a response to calcium and copper many times 
greater than that observed in those of tropical origin, e.g. 
lndigofera, Desmodium, and Phaseolus. Work on specific 
response to nutrients is being extended. Further studies of 
the foliar symptoms of deficiency and excess of individual 
nutrients have been conducted. Critical values of potas
sium and phosphorus for Trifolium repens have been 
established. This work will be extended to cover other 
species, and correlation between water culture results and 
pot and field experiments will be sought. 

In a comparison of sources of phosphate the value of 
rock phosphate as compared with superphosphate for 
several temperate legumes was ascertained, and a wide 
specific variation fou nd. Medicago genus appears to have 
superior capacity to Trif olium in utilizing rock phosphate. 
Local sources of potassic fertilizer have also been investi
gated. Response was obtained only from calcined alunite, 
while trachyte, glauconite, and potassium alum gave no 
response in the first season. 

(b) Plant Cl!emistry.-Investigation of the occurrence 
of ,B-nitropropionic acid in several species of lndigofera, 
with particu)ar attention to / . endecaphylla, bas continued 
in conjunction with Jndigofera plant breeding work; a 
semi-quantitative paper chromatographic technique, 
developed in this laboratory, is being used to estimate the 
content of this compound. Only mnderate variation of 
the compound within this species has been found, although 
it is absent from certain Indigo/era species- e.g. /. tetumsis 
and / . retroflexa. Toxicity tests, in association with the 
Queensland University Veterinary School, using mice as 
test animals, have been made of both acute and chronic 
toXicities, by using synthetic ,8-nitropropionic acid, and 
aqueous extract of / . endecaphylla, of known ,8-nitropro
pionic acid conteitt. The organic and amino acids of 
several Jndigofera species have been investigated, with 
the object o( determining the role of ,B-nitroproprionic 
!1ciel in the metabolism of the plant. 

The presence of a new imino acid, with properties 
closely corresponding to those of 5-hydroxypipecolic acid 
recently isolated by Steward at Cornell, has been detected 
in soluble nitrogen fractions of Leucaena glauca. This 
acid is chrornatographically identical with 5-bydroxypipe
colic, and traces of bydroxylysine, a possible precursor, 
have been found in young L. glauca leaves. This investi
gation, and the survey of L. glauca strains for mimosine 
content, are being continued. 

Recoveries of phosphorus, potassium, calcium, and 
magnesium in the new analytical technique for estimation 
from a single digest have been of the order of 97-100 
per cent., and these microtechniques can now be used 
with confidence. 

(c) Plant Physiology.-The study of the function of 
potassium in plants bas continued, with particular atten
tion to discovering the precutsor of putrescine in con
ditions of potassium starvation. The diamine putrescine 
occurring in potassium-deficient barley and Trifolium 
pratense is known to be the direct cause of deficiency 
symptoms. Trif olium repens and Trifolium subterraneum 
have been examined semiquantitatively for free amino 
acids, and full quantitative analysis is to follow. Evidence 
to date indicates that putrescine may be formed from 
arginine, although ornitbine cannot be ruled out as a 
precursor. Carbon-marked amino acids are being used to 
obtain evidence on this point. Possible influence by other 
ions on putrescine accumulation cannot be ignored, as low 
potassium content can influence the quantitative uptake 
of other ions. This possibility suggests a wider field of 
research than can be at present undertaken in detail, but 
the analyses of the calcium, phosphorus, potassium, and 
magnesium contents of normal and deficient plants now 
in progress may help to clarify the situation. 

Work on the effect of the sulphur deficiency on free 
amino ucid content has been extended to include 
Desmodium uncinatwn, Phaseolus lathyroides, Trifolium 
repens, tomato, flax, and barley. Increases in free amino 
acids have been found in all the legumes examined, the 
most pronounced increases being in arginine, asparagine, 
and glycine. Aspartic and glutamic acids were, however, 
reduced in quuntity. In tomato, flax, and barley a larger 
increase in total free amino acids was noted under 
conditions of sulphur deficiency, but the changes in indi
vidual amino acids we.re not consistent between these 
species. 

(d) Legume Bacteriology.-A collection of 350 strains 
of Rhizobium now covers a wide range of legumes, with 
tropical and subtropical strains predominating. Develop
ment of a rapid screening technique for nodulating ability, 
using Phaseolus lathyroides as a test host, has made speedy 
transfer of new isolates from the " presumptive ,; to the 
'' confirmed " category possible. A modification of the 
Leonard technique for comparative testing in the green
house bas been adopted. Superior growth of tropical 
species has been obtained by replacing the neutralizing 
mixture and acid nutrient solution with vermiculite and a 
simple mineral nutrient solution. More than 500 cultmes 
of tested Rhizobium strains were supplied to colleagues 
during the year for use in field and glass-house experi
ments. 

Examination of the noduiation process in Stylosanthes 
indicates a similar pattern to Arachis; root hair infection 
plays no part in nodule initiation. 

Theoretical considerations of the host-Rhiwbium 
symbiosis, coupled with an examination of the botanical 
relationships in the order Leguminosae, gave rise to a 
hypothesis concerning the origin of the symbiosis which 
forms a basis for a systematic reassessment of the subject. 
Many cross-inoculation phenomena can be explained by 
this hypothesis, which gives first importance to the 
" cowpea " type of Rhizobium as representing the ancestral 
and typical condition. 
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(e) Plant Breeding and Genetics.-The study of 
" little leaf " virus disease in a wide range of sub-tropical 
legume introductions has .b~~n completed. In conju~ction 
with an officer of the D1v1s1on of Entomology the wscct 
vector (Orosi11s argentat~ts) ~vas defined: Existe~~e. of 
sufficient species and strains with field resistance to little 
leaf" was proved, and a breeding programme for resist
ance seems unnecessary. 

Studies of modes of pollination in Phaseol11s lathy
roides, Indigo/ era e11decaplrylla, Desmodium 11ncinat11m, 
Stylosa111!1es gracilis, and Leucllena glauca were completed. 
All arc self-compatible, but need high humidity for pollen 
tube growth in the stigma. P. lllthyroides and ?· g;acil~s 
are cleistogamous, but some natural cross-pollinat1on is 
possible in others studied. 

X-ray dosages of 10,000 lo 20,000 r have been used 
on seedlings in efforts to induce variation in such im
portant species as Paspalum clllatatum, Paspalum com
mersonii, Plzaseolus lathyroides, and indigo/era ende
caphylla where the natural mutation rate is low. In the 
case of J. endecapltylla a mutant low in ,B-nitropropionic 
acid is sought. Attempts to cross this species with /. 
retroflexa and /. tettensis, which are free from the com
pound, have been made. 

Attempts at interspecific crossing in the genera 
Phaseolus and Desmoc/i11m have yielded no definite positive 
results, but an apparent cross between P. semi-erectus 
and P. latltyroides has been made. A study of variation 
in Leucaena gla11ca bas resulted in the identification of 
early, mid-season, and late flowering types. The two later 
types arc taller, less branched, and wintergreen, and a 
cross-breeding programme between them and the early 
free seeding types is planned. 

Sorghum a/mum populations have been tested for 
cyanogenetic activity. This species shows a range in 
variation for this character, and it should be possible to 
select types of little or no cyanogenetic glucoside content. 

The naturally cross-fertilizing genera Setaria and 
Digilaria are receiving detailed attention. The high degree 
of variation present gives opportunity for selecting winter 
production types on a phenotypic basis. The possibility 
of developing allopolyploids is being investigated. 

The allopolyploid Phalaris ti1berosa x P. minor is con
tinuing to segregate, and perennial and annual types are 
being selected. A range of rbizamatous lucerne selections 
has been made, and these are being intercrossed to 
develop populations for selection under grazing. 

(!) Pasture Species-Feeding Values (Cooper Labora
lory, Lawes).-Feeding value studies of a number of sub
tropical grass and legume species fed at different growth 
stages using Merino x Border Leicester wethers have been 
made. The feed was chaffed and fed to individually penned 
animals. Sufficient data on Urochloa pullulans, Panicum 
maximum, and Paspalum commerso11ii are available for a 
comparative study of nutritive values. A highly significant 
relationship between dry matter intake and protein content 
has been established. The increase in dry matter intake 
which occurs with the feeding of supplementary protein in 
the winter period when protein in mature herbage falls 
below maintenance level is highest in P. commersonii and 
lowest in V. pu~/11/cms of the three species compared. 

Mature P. commerso11ii gave protein analyses below 3 
per cent. but the analyses ia. the other species did not fall 
below 4 per cent. Paspc1lum commersonii, although the 
superior grass in digestibility when protein supplements are 
available, falls below maintenance requirement for a longer 
period than U. pullulans or P. max imum. This work indi
cated much lower starch equivalents necessary for maiQ.
tenance than that indicated by English standards. 

F eeding trials with Chloris gayana and Cenchrus ciliaris 
showed them to have a superior winter feeding value to 
P. commersonii, P. maximum, or U. pullulans. A feeding 
trial with legumes showed mature Desmodium uncinatum 
to be superior to mature Pliaseo/us lathyroic/es in palata
bility and intake. Crotalaria lanceolata was not readily 

eaten, and Stylosanthes gracilis was shown to be inferior 
to D. unci11atum in feeding value. 

An experiment comparing the effect of differential stock
ing rates on the nutritive value of feed obtained from 
pastures previously ungrazed, lightly grazed, and heavily 
grazed, bas been completed. Mature and slightly frosted 
Paspa/um commersonii and Panicum maximum were fed. 
P. maximum was most digestible in the moderately grazed 
area, while P. commersonii showed no significant variation 
between treatments. Results indicate that grazing intensity 
is of minor importance in determining nutritive value in 
comparision with stage of maturity. 

22. BtOPllYS!CAL RESEARCH. 

(University of Tasmania.) 

The Organization is supporting the work of the Bio
p hysics Laboratory by providing fi11ance for a post
graduate studentship and a grant for general laboratory 
purposes. During the past year tbe studentship has been 
vacant. 

The following investigations are being undertaken by the 
Biophysics Group. 

(a) Further study of the electric field pattern asso
ciated with plant roots is being made. The 
conditions under which the root generates elec
tric oscillations are being considered and a 
mechanism involving negative feedback bas 
been postulated to account for them. 

( b) A method bas been devised to measure the ionic 
concentration of chlorine in the vacuole and 
cytoplasm of the living Nitella cell. This is 
done by implanting two microprobes in the 
cell; one containing potassium chloride and 
the other being a silver/silver chloride micro
electrode. 

(c) The organization of plant tissue following wound
ing is being studied. Adventitious buds in the 
epidermis of decapitated flax seedlings are 
being damaged by wounding the apex, and the 
subsequent regeneration is examined. 

IV. IRRIGATION. 

l. GENERAL. 

The production of crops under irrigation requires 
specialized techniques, and the continued application of 
water lo the soil can result in problems not encountered 
in dry-land agriculture. The deterioration of land under 
irrigation is a world problem of great magnitude. 

For the study of ways in which irrigated land can be 
made to keep its fertility, and waterlogged land can be 
reclaimed, the Organization has two Irrigation Research 
Stations: the Commonwealth Research Station (Murray 
Irrigation Areas) at Merbein, Victoria, on the Murray 
River, and the Irrigation Research Station (Murrumbidgee 
Irrigation Areas) at Griffith, New South Wales. The work 
of these two Stations is reported in this chapter. 

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 (see Chapter II.). 

Studies of irrigated postu res arc carried out at Denili
quin, New South Wales, by the Division of Plant Industry 
(see Chapter Ill ., Section J 9), and other investigations of 
irrigation techniques for northern tropical areas are carried 
out by the Land Research nod Regional Survey Section at 
the Kimberley Research Station near Wyndham, Western 
Australia (see Chapter XI., Section 3). Work on dried vine 
fruits in progress at tho Commonwealth Research Station 
Merbeio, Victoria, is reported in Chapter XIII. , Section 14'. 
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lrriga1io11 Research S1a1io11s.-During the past year, 
research has been concentrated chiefly on problems associ
ated with the development of high ground-water levels and 
with soil salinity under irrigation, and on factors influ
encing yields of irrigated crops. Other investigations 
include: Physiological processes associated with water 
stress in plants, factors influencing quality of citrus, dried 
vine fruits, and tomatoes, and the occurrence and control 
of nematodes parasitic on plants in irrigation areas. 
increased attention is being given to methods by which 
the suitability of ocw areas proposed for irrigation may be 
assessed and to the principles for selection of the mosll 
appropriate crop to which individual portions of such land 
could be devoted. 

Changes in administration of the Stations include the 
appointment of Mr. D. V. Walters as Technical Secretary, 
and 1·he retirement in June of Mr. E. S. West from the 
position of Officer-in-charge of the Irrigation Research 
Station, Griffith. Mr. West had occupied the position since 
the Griffith Station was first formed in 1923. 

The Water Conservation and Irrigation Commission of 
New South Wales continues as a partner in the Griffith 
Station, making an annual contribution to funds. On 
certain aspects of ground-water hydrology in the 
Murrumbidgee Irrigation Areas, officers of the Commission 
and the Organization arc working in close co-operation. 

Merbcin Station retains close touch with the dried vine 
fruits industry, which makes annual contributions to funds 
through the Commonwealth Dried Fruits Control Board, 
the Mildura P ackers' Association, Co-operated Dried 
Fruits Sales Pty. Ltd., and the Nyah-Woorinen Enquiry 
Committee. 

Hydrological investigations have been conducted on the 
farm acquired during 1954-55 by the Swan Hill Irrigators· 
Research Committee. A further step in this type of 
regional activity has been taken by the recent purchase 
of a farm by the Kcrang Agricultural Research Committee, 
on which the Merbein Station is represented. This farm 
will be available for purposes of investigation and 
demonstration. 

2. MERBETN. 

(a ) irrigation, Soil Preservation, and Reclamatio11.--
0bservations on ground-water levels through the Renmark 
district were continued. Heavy rains during 1956 led 
to fewer irrigations and as a result these levels in autumn 
were unusually low. The bores penetrating to aquifers 
under areas of heavy soils are no longer being pumped, 
as studies revealed that they were not sufficiently effective. 
No trouble has been experienced with tile drains placed 
in Bookmark loam in 1954 where tiles were laid \\ ith 
screening and supporting material to overcome the diffi~ 
cul ties of the unstable sandy subsoil. H eavy irrigations 
have been used to leach this soil. Vines which were 
affected by salt before the drains were installed arc now 
growing vigorously. 

Using new equipment to handle 3-in. casing, a pumping 
test was conducted on the Swan Hill Irrigators' Committee 
fa rm. Previous deep boring had shown the complexity 
of the distribution of sand strata under this farm, which 
is close to the Murray River. Some of these deep-lying 
sands have good hydraulic conductivities. The physical 
properties of the subsoils in part of the farm are such that 
those parts have been assessed as suitable for tile 
drainage. 

In co-operation with the State Rivers and Water Supply 
Commission of Victoria, three sites at Red Cliffs were 
tile drains have been installed are being examined for the 
relationship between water-table levels, hydraulic con
ductivity of the soil, drain depth and spacing, and drain 
discharge. 
Dete~or~tion of irrigated land in the vicinity of Wakool 

due to nse m ground-water has emphasized the importance 
of regular observations of ground-water levels. Such 

obst!rvalions, interpreted in relation to the many local 
facts which have a bearing on them, provide opportunity 
for applying corrective measures before extensive soil 
damage ensues. Observations of ground-water levels and 
determinations of salinity and other features of soil and 
underlying strata are part of the long-term programme of 
investigation oo the irrigated pasture plots of the Wakooi · 
Land Use Committee. Widely scattered ground-wate1 
observations in this district by the Water Conservation and 
Jrrigation Commission of New South Wales provide a basis 
for relating the ground-water situations on the experi
mental plots to those of the district in general. 

(b) Land Use.-To assist in the development of new 
lands for irrigation, the Research Station has carried out 
several local soil surveys, comprising l , 170 acres for 
horticultural use and 300 acres for pasture. 

Soil sampling has been done before onset of irrigation 
on a new area of pasture plots being established on 
Moragb loam, an important soil type of the now
developing Deoiboota Irrigation District. These plots. 
designed to aid in decisions for land use in the district. 
are part of the extended activities of the Wakool Land 
Use Committee. 

(c) Hortic11/ture.-First related by work at Merbein 
Station many years ago to the percentage of fruitful buds 
found in canes in the dormant period nine months before 
harvest, yield of the sultana vine has now been related to 
the amount of sunshine in the spring eight months earlier 
still. When this finding is considered together with the 
effect of biennial bearing, a new insight becomes possible 
into the problem of annual yield variation in the vine. 
The sunshine effect could operate through the carbon to 
nitrogen ratio in the plant. This idea might assist in 
explanation of inconsistent results previouslv obtained 
from investigations on nitrogen nutrition of th~ vine. 

Established five years ago at the Research Station, a 
field trial of cultivation methods for sultana land gave as 
good yield in the past season from " no cultivation " 
(weeds controlled by oil spray) as from control (ordinary 
cultivation, with winter cover crop), while white clover sod 
yielded less. White clover sod turned in eighteen months 
previously increased yield nearly a quarter over control. 

The fruitfulness of sultana buds in May, 1955, was found 
to be 52 per cent., which promised a slightly higher than 
average crop. Severe frosts in parts- of the settlement and 
extremely unfavourable weather at harvest reduced total 
district yields substantially. Frost occurred on 17th and 
18th September, and its effect was studied in three vine
yards. Bud burst was almost complete by tben and about 
hall the shoots were damaged. Approximately a further 
10 per cent. of the buds produced shoots subsequently, and 
only one quarter of them was fruitful. The yield from 
these vines was smaller than would have been expected 
from the number of bunches remaining. 

Jn May, 1956, the fruitfulness was 43 per cent. For 
the first time, the fruitfulness assessment has been used to 
predict an average district potential yield for sultanas. 
This has been estim:lted at 32 cwt. per acre for harvest 
in March, 1957. 

The pruning trial in which the the number of buds per 
sultana vine was varied and the number of buds per cane 
was kept constant was concluded after its sixth year. By 
varying the number of canes per vine according to the 
potential fruitfulness found before pruning, overloading in 
very fruitful seasons could be avoided and some improve
ment to the crop could be achieved in years of low 
fruitfulness. However, complete uniformity of crop from 
year to year could not be obtained. 

Splitting of grape berries was further studied. Up to a 
certain stage of maturity, detached currant and sultana 
berries immersed in water took up water without splitting. 
Thereafter, spli tling was associated with water uptake. 
Enclosure in plastic bags of dry currant bunches on the 
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vine showed after 24 hours a high percentage of split 
berries and condensation wi1hin the bags. This indicates 
the importance of a saturated atmosphere. 

(d) Plant Nutrients.-The nutrient requirements of the 
sultana vine in the field are the subject of several trials 
and of chemical work on the plant and soil material from 
the trials. 

The most comprehensive trial , now in its 21st year, is 
on the Research Station ilsclf, and compares all combina
tions of ammonium sulphate, potassium sulphate, and 
superphosphatc, each al 4 cwt.lac., with and without 
green manure. fo most years !'here has been an increase 
in yield of dried fruit with ammonium sulphate, although 
no such increase was found this year. In the last six 
years there has been a trend towards increasing responses 
from superphosphate, but the increases rarely have been 
significant. 

Re~ponsc of the sultana vine to nitrogen status of the 
soil has been inconsistent in other trials commenced in 
recent years. Maximum nitrogen status was aimed at 
with 4 cwt. per acre of ammonium sulphate together with 
a green manure crop; minimum stalus was attempted by 
depletion through growing barley and carting it off. 
Sulphate of ammonia was applied at all combinations of 
early spring, late spring, and autumn. Io these trials, 
leaf nitrogen was increased by an ammonium sulphate 
application in early spring, but a yield increase did not 
necessarily follow. So far it has proved impossible to 
establish analytically a general foliar nitrogen level indi
cative of nitrogen deficiency. 

Yield of sultanas has nol been affected, in one trial, by 
either urea applied as a foliage spray or ammonium 
sulphate applied to the soil for comparison. High 
concentrations of urea spray (I per cent. in mid October 
to 3 per cent. in cnrly December) did no apparent damage 
and increased the nitrogen content of the leaves con
siderably. 

(e) Vegetables.-" Krilium" as a soil improver failed 
to increase yield or give earlier ripening of glass-house 
tomal'oes in two years' trial on a Curlwaa loam. Similar 
negative results were obtained in one season's work on a 
much heavier soil. "Krilium ", however, m ade the soil 
eusier to cultivate. 

Several crosses have been made to develop lines of glass
house tomatoes of improved agronomic quality and 
resistant to some of the common diseases-root knot 
nematode, fusarium wilt, and leaf mould. 

Further progress in !he breeding programme has been 
made in selection of field lomato hybrids resistant to both 
root knot nematode and fusarium wilt. Bulk seed of 
several promising hybrids has been obtained and released 
to selected growers for comparison wilh popular local 
varieties and for yield trials. 

(f) Ne111atology.- The field management trial at Red 
Cliffs for control of root knot in tomato now embraces 
sixteen treatments involving combinations of fallow, 
barley cover crop, Crotalaria, susceptible and resistant 
tomatoes. and peanuts. Improved yields due to crop 
rotation were obtained in the fifth season. In plots 
planted to resistant tomatoes for five successive seasons. 
about two-thirds of the plants showed root knot infection 
in 1955-56. It has been confirmed that the predominant 
root-knot nematode in the trial area is Me/oidogyne 
favanica, but growing of peanuts bns revealed a slight 
infestation with M . hapla not previously recorded. 

A small nematode control trial was commenced on 
Grenache vines infested with root knot and root lesion 
nematodes. Although some reduction of soil nematode 
populations appears to have been achieved by insecticidal 
drenches and fumigation, neither these nor sawdust mulch
ing appear promising for practical purposes. 

(g) Dried Vine Fruits.- Thc work of the Common
wealth Research Station, Merbein, on dried vine fruits is 
reported in Chapter XIII., Section 14. 

3. G RIFFIT H. 

(a) Soil Salinity.-Factors associated with salt accumu
lation and occurrence in farms of the Murrumbidgee 
Irrigation Area have been studied by reconnaissance 
survey. A linear relation was found between soil 
permeability and " mean depth of chloride " (a measure 
of distribution and concentration of chloride). Topo
graphy is also important. Surface salt concentration is 
high in local depressions and at the lower slopes of local 
hills. Thjs is due apparenUy to high content of salt in 
the virgin state and to development and height of water-
1ables as affected by seepage. 

Irrigalion methods also have an influence associated 
with differences in distribution of irrigation water. Flood 
irrigated pastures arc virtually free from salt accumulation. 
Vineyards furrow-irrigated over most of the soil surface 
show less surface salt than citrus grooves where furrows 
are restricted to narrow bays. Lucerne has a special effect; 
it lowers the water-table, allowing leaching of salt. High 
quality of irrigation water and the relatively high winter 
rainfall in recent years are also important factors in the 
present distribution of salt in these soils. 

Investigations have revealed that as a rule no chemical 
amendments are necessary for reclamation of salty soils in 
Mirrool In-igation Area. Salt composition was deter
mined on 23 profiles on the principal soil types of the Area. 
These soils are classified as saline and saline-alkali soils. 

Studies of the effect of a short period of salinity stress 
on citrus are reported below. It appeared desirable to 
follow this work with studies of salting on a quicker
growing crop. A trial has been commenced to select 
suitable barley varieties of differing salt tolerance. Further 
work should reveal reasons for varietal differences in salt 
tolerance. 

(b) Horticu/111re.- The factorial experiment with citrus 
was continued on Farm 466. T his experiment involves 
four different varieties, four cultural treatments, and four 
nitrogen treatments (as ammonium sulphate). While yields 
in the sod and bare surface treatments were increased by 
nitrogen ferti lizer, fruit quality was adversely effected. 
This year the decline in qual ity with increasing nitrogen 
was also nol'ed in the tilled treatments. In formation on 
1he development an<.l correction of soil acidity induced by 
applications of sulphate of ammonia as fertilizer is being 
obtained by superimposing graduated applications of lime 
over the nitrogen treatments in the field experiment and 
by laboratory examinations of soil samples from the 
experiment for pH, exchange capacity, and exchangeable 
cations including ammonium. 

Work on the relationship between phosphorus Jeficiency 
and poor fruit quality, reported last year, was supple
mented by a third farm trinl laid out with phosphorus 
and lime as treatments. 

(c) Plant Phyriology. (i) Plant/ Water Relations.
Water shortage is the ever-recurring and overriding limita
tion imposed on most Australian agricul ture. Even in our 
areas of good rainfall and those under irrigation, crops 
and pastures suffer intermittent water stress. A study of 
such slress, and recovery from it, could make valuable 
contributions to basic physiology and provide practical 
leads to the farmer, plant breeder, water supply engineer, 
and microclimatologist. 

Studies have been continued of the effects of a brief 
period of water shortage on nitrogen, protein nitrogen, 
and phosphorus in the young tomal'o plant including i ts 
principal parts, individual laminae, and petioles. 

Wilting caused two compensatory trends in nutrient 
content: that during, and that subsequent to, wilting. 
Effects were strongest in the nutrient content of the more 
actively growing organs. During wilting. the uptake of 
nitrogen and phosphorus was markedly reduced. Both 
nutrients were translocated from the laminae to the stem. 
Upon re-watering, active uptake of both nutrients was 
resumed and both passed preferentially to the laminae 
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rather than to tbe stem. The net result was a depression 
of nutrient content for the whole plant. ~ the more 
actively growing parts, nutrient content regained control 

levels. . ·r t d 
The depression of nutrient content was m1 in e 

relatively early in the drying cycle. As i:eported p_re
viously, dry weight also was depressed early m the drymg 
cycle. . 

More detailed studies appeared desirable and h~ve b~en 
commenced; dry-weight data are to hand. Fra~tionation 

of phosphorus compounds, now in p'.o~ess, is a. pre
liminary to determining what is first hit m the chain of 
metabolic processes. It will, however, be necessary to 
use controlled temperature, humidity, and lighting for 
future studies. 

(ii) Salt Jntake.-The high content of salt in the leaves 
of the sallbusb (genus A triplex) is well known. An out
standing feature of the indigenous xerophytic memb~rs of 
the genus, such as perennial and old-i:nan saltb~sb, is the 
extraordinarily large amounts of sodmm chlonde t~en 
up. Leaves of some experi_mental pla_nts have _contam~d 
40 per cent. of their dry weight as sodium chlonde, wh_1le 
others have survived and grown in water cultures contam
ing molar sodium chloride. 

This work, a continuation of studies commenced at 
Sydney University, aims to study in detail this salt ~take 
phenomenon and its cfl'ects on the anatomy, mmeral 
nutrition, and water relations of the plants. 

Work on the xerophytie species is being balanced to 
some extent by comparable experiments on an introduced 
halophytic species, A. hastata. Leaf and root material 
from completed water culture experiments are being 
analysed for sodium, potassium, and chloride. 

(iii) Growth Experiment with Citrus.-Fruit set was 
achieved only eight months from roots developing on 
cuttings of Washington Navel oranges in sand and soil in 
a glass-house trial. The growth pattern was studied over 
several cycles of growth. Nutrient distnlrntion within 
the plant, including its roots, was traced by chemical 
analyses for nitrogen, phosphorus, calcium, magnesium, 
and chlorine. Treatment comparisons have been made 
for water shortage, for nitrate and ammonium as nitrogen 
sources, and for response to a brief period of exposure 
to high salinity. 

Significant effects of water shortage on nutrient content 
have been observed. There was also a significant differ
ence in uptake of both nitrogen and phosphorus when the 
alternative sources of nitrogen were compared. Presum
ably because the growth rate of citrus is slow even in sand 
culture, no significant growth responses to a brief salinity 
stress were found. Analyses of the different plant parts, 
however, showed that chlorine which had entered the 
plant during treatment remained in leaves present at that 
time and passed to newly developing leaves from the stem 
and the root. 

(d) Land Drainage.-A study of permeability of horti
cultural soils in the Arca revealed that permeability of 
subsoils is largely dependent on soil texture and relative 
density. T he hiil slope areas have a highly developed 
and stable structure in the subsoil, and it is only in these 
that soil structure is important in relation to permeability. 
Impermeable layers have been located and defined in 
certain areas through this study-a matter of importance 
in designing tile drain installations. 

Interpretation of soil permeability in terms of texture, 
relative density, aud structure has been an important aid 
in correlating permeability values obtained by the uugcr 
hole method with those obtnined by the piezomcter 
method. 

Recommendations for tile drainage are now based on 
soil permeability as the major factor determining the 
feasibili ty of such drainage and the spacing of tile laternls 
in land to be drained. Depth at which tile is laid is 

determined by the occurrence of an impermeable layer. 
Desired rate of drainage, climatological and hydrological 
data, and economic considerations are other factors enter-
ing into design of tile srstems.. . . 

Actual behaviour of tile dram 10stallatlons on selected 
local farms bas been checked against the behaviour 
expected from designs based on soil permeability surveys 
by the auger hole metlJod and on som.e design fac~ors _at 
present estimated provisionally. In this study, drat.n dis
charge and water-table levels over the whole drained parts 
of the farm are recorded together with such relevant data 
as rainfa!J and irrigation. In addition to overa!J check on 
design, this work aims to evaluate tile drain fact~rs, such 
as discharge coefficient and drainable porosity . n_ow 
estimated. The investigations, conducted in association 
with the Water Conservation and Irrigation Commission 
of New South Wales, will continue for at least a year on 
each farm, to cover at least one complete irrigation season 
and one winter. 

The home farm of the Irrigation Research Station was 
investigated in considerable detail in regard to the ground
water situation and subsoil permeability. It has been 
found that portions of the farm are suitable for tile 
drainage. . 

When hydraulic conductivity of soil is not the same 10 

every direction, tbe soil is described as anisotropic. 
Natural soils are usually of this kind. An important con
tribution to the study of soil anisotropy in relation to land 
drainage has been made from Merbein Station. Field 
studies on the subject are in progress from Griffith Station 
to specify the degree and causes of anisotropy in local 
soils. A special 6-in. diameter piezometer, sufficiently 
light for easy handling, has been found satisfactory for 
this work. 

V. ANIMAL HEALTH AND PRODUCTION. 

1. GENERAL. 

The Division of Animal Health and Production is 
responsible, within the framework of the Organization's 
programme of research inLo problems ot the animal 
industries, for investigations concerned with animal beallh 
and reproduction and with general animal husbandry. 
The importance of live-stock production to the national 
economy cannot be too strongly stressed and any increase 
in knowledge in this field ultimately affects every member 
of the Australian community. 

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

The work of the Division of Biochemistry and General 
Nutrition on nutritional problems is reported in. Chapter 
VI. Section 12 of this chapter deals with investigations of 
the Animal Genetics Section other than those on sheep 
and cattle which are included respectively in Chapter 
VII., Section 15 and Chapter VIII., Sections 8 and 9. 

Division of Animal Health and Production.-The estab
lished investigational programme was followed, with certain 
modifications, during the year. The Committee of 
Management has continued to assist the Chief effectively, 
in matters of divisional research and administrative policy. 
In conjunction with the preparation of the annual esti
mates, there is also a meeliog of the Committee of 
Management with the Officers-in-charge of all Sections of 
the Division, when research, administrative, and financial 
affairs are discussed in some detail. To streamline 
administrative procedure, arrangemenls have been made to 
give the larger sections a greater degree of autonomy. 

Dr. F. H . S. Roberts, Officer-in-charge of the Veterinary 
Parasitology Laboratory, Yeerongpilly, bas proceeded 
overseas to observe recent research developments in 
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connexion with external and internal parasites of cattle. 
He will attend an F.A.0 ./0 .l.E. meeting on the "Control 
of Tick-borne Diseases". 

A Callie T ick Research Committee bas been set up to 
review progress in this important field of work. Dr. 
I. M. Mackerras is chairman, and members include repre
sentatives of the Divisions of Animal Health and P roduc
tion, and Entomology; the Department of Agriculture, 
New South Wales, and the Queensland Department of 
Agriculture and Stock. 

G rateful acknowledgement is made of financial 
assistance received from the wool industry, the Australian 
Meat Board, and the Australian Dairy P roduce Board. 

2. ANlMAL HEALTH RESEARCH LABORATORY, MELBOURNE. 

(Division of Animal Health and Production .) 
At this laboratory, investigations of some major diseases 

of sheep and cattle have been continued; these include 
studies on certain infectious diseases and microbial meta
bolism of some of the causal organisms. In addition, the 
general and chemical pathology of some non-infectious 
diseases. such as those following ingestion of poisonous 
plants or the grazing of pasture plants under natural 
conditions, have received further study. The main investi
gations are-

Kimberley horse disease and studies on poisonous plants 
(see Chapter V., Section 11 ) ; toxkity of large rations of 
wheat (see Chapter Vll ., Section 12); infertility and 
physiology of reproduction in sheep (see Chapter VII., 
Section 13); " toxaemic jaundice " of sheep (see Chapter 
VIL, Section 17 ) ; brucellosis of sheep (see Chapter VIL, 
Section 17); pleuro pneumonia of cattle (see Chapter 
Vlll., Section 2); mastitis in dairy catlle (see Chapter 
VIII., Section 2); haematuria vesicalis of cattle (see 
Chapter VIlI., Section 2); infertility in dairy cattle (see 
Chapter Vlll., Section 2); brucellosis of cattle (see 
Chapter Vlll., Section 2) . 

3. MCMASTER AN11'iAL HEALTH LABORATORY, SYDNEY. 

(Divisio,n of Animal Health and Production.) 

The construction of the Ian McMaster Wing bas com
menced and will be completed before the close of 1956. 
This extension will accommodate Divisional Head-quarters, 
the Library, and staff engaged in research on sheep 
breeding and selection. I t will alleviate the present 
congestion in the main building after the vacated rooms 
are converted to laboratories. 

An officer of the Division of Statistics is stationed at 
the McMaster Laboratory, and his assistance in the 
planning and the interpretation of experiments is greatly 
appreciated. 

Dr. J. W. Parnell is spending at least two years at the 
laboratory 10 work on parasitological problems. His 
visit was made possible by funds from the Ian McMaster 
Bequest. Mr. Ansari, G.B.V.C., a Colombo Plan Fellow 
of Pakistan, is spending three months in the Parasitology 
Section. 

Dr. R. T. Clark, co-ordinator of beef cattle research in 
the United States Department of Agriculture, is centred 
a t the McMaster Laboratory during tenure of a Fulbright 
Fellowship. 

The major problems investigated at the Laboratory are 
a study of the heritability of fleece characteristics (see 
Chapter Vll., Section 14); studies on internal and external 
parasites of sheep (see Chapter VII., Sections 18 and 19); 
drought feed ing and the utilization of low-quality roughage 
(see Chapter VU., Section 11); fattening of beef cattle 
(see Chapter Vlll., Section 7); biochemical studies, par
ticularly in relation to vitamin A (see Chapter VII., Section 
11); certain infectious diseases of sheep (see Chapter VII., 
Section 17); and the fundamental cause of deaths in 
sheep due to exposure after shearing (see Chapter VII., 
Section 17). 

The Officer-in-charge, Dr. D . F. Stewart. was President 
of the Australian Veterinary Association for 1955-56. 

4. VETERINARY P ARASITOLOGY WORATORY, 
YEERONCPILLY, QUEENSLAND. 

(Division of Animal Health and Production.) 
This laboralory was established in 1948 to undertake 

investigations into parasites affecting live-stock, particularly 
those of importance in Queensland. Up to the present, 
attention has been directed mainly to parasites of cattle. 
The laboratory also provides accommodation and facilities 
for officers of the Division of Entomology who are engaged 
in investigations into the control of the cattle tick 
Boophilus microp/us. Facilities for field work are pro
vided at the Laboratory's Field Station, "Amberley", near 
Ipswich. 

Co-operation with the Queensland Department of 
Agriculture and Stock is maintained and is assisted by 
the Joint Veterinary Parasitology Committee. 

Investigations in progress include studies on: parasitic 
gastro-enteritis of cattle (see Chapter Vill., Section 3); 
host reactions to tick infestation (see Chapter VIII., 
Section 4); and protection against blowfly in sheep (see 
Chapter Vil., Section 20) . 

5. F. D. MCMASTER F IELD STATION, B ADGERY's 
CREEK, NEw Sount WALES. 

(Division of Animal Health and Production.) 

The season in this environment was a most difficult 
one. The rainfall during the winter and early spring 
months of 1955 was low, but after October, an extremely 
wet period commenced, 42 inches of rain falling in the 
next six months. This produced conditions which were 
unfavorable to crops, pastures, and stock. 

T he work with dairy cattle is reported in Chapter Vlll., 
Section 6. Other investigations in progress are: inbred 
llocks of Australian Merinos (see Chapter VIL, Section 
14); inheritance of component fleece cha meters (see 
Chapter Vil., Section 14); studies oo twins (see Chapter 
VII., Section 14); the relation between growth of lambs 
and future production (see Chapter Vil., Section 14) ; and 
coat shedding studies on cattle (see Chapter VIII., 
Section 6). 

6. SHEEP BIOLOGY LABORATORY, PROSPECT, NEW S OUTH 
WALES. 

(Division of Animal Health and Production.) 

Since the initiation of research at Prospect in 1953, 
there has been steady progress in developing the research 
programme and the necessary physical facilities. A second 
animal house for experimental sheep is under construction 
and plans have been completed for the main laboratory 
block. 

The major investigations at this laboratory are: meta
bolism of pregnant ewes (see Chapter VII., Section 10) · 
physiology of reproduction (see Chapter Vil., Sectio~ 
13); breeding and genetical studies (see Chapter VII., 
Section 14); and biological studies of skin and wool 
growth (see Chapter VII., Section 16). 

The installation of equipment for the climate rooms 
mentioned in the last Report, is nearly complete and 
testing has begun; these rooms will provide a wide diversity 
of controlled climatic conditions and thus facilitate the 
study of the physiological mechanisms by which the sheep 
responds to its environment. 

During the year, part of the staff of the Tracer Elements 
Group, formerly at the Chemistry School of the University 
of Melbourne, was transferred to the Sheep Biology 
Laboratory. Methods of detecting radioisotopes using 
several t~pes of_ Geiger-Millier tube and autoradiography 
are now m routrne use. The gas-counting method for the 
assay of carbon-14 and tritium is being developed. The 



measurement of tritium by liquid scintillation counting 
has been attempted, but rc~roducible c_ounting _rates h_ave 
not yet been attained, evidently owmg to 1~suffic1ent 
voltage stabilization and high background ~ount~g ~ales. 
The equipment required to overcome these d1fficulhcs 1s on 
order. Work has been commenced on the use of 35S
sulphate as an inert marker for measuring the rate of 
passage of small particles through the sheep's rumen, and 
on the use of radioactive iodine (lnl) for the study of the 
pituitary hormones concerned in wool growth. Many 
chemical and physiological tracer experiments must await 
the installation of facilities for handling relatively large 
amounts of radioactivity. 

The Fleece Analysis Laboratory continues to provide a 
service for the physical measurements of fleece and cattle 
hair samples. A total of 26,904 measurements were made 
during the year. Ninety-eight per cent. of these measure
ments were on fleece samples, and included determinations 
of yeild, clean wool weight per unit area of skin, fibre 
density, mean fibre diameter and length, staple length and 
crimp, and chemical fractionations of greasy wool samples. 
The other 2 per cent. consisted of samples of cattle hair on 
which determinations of weight of hair per unit area of 
skin, mean fibre length and diameter, and examinations 
for medullation were made. These measu rements were 
made for research projects within the Division. 

7. R EGIONAL P ASTORAL LABOR ATORY, ARMIDALE, New 
SOUT H WALES. 

(Division of Animal Health and Production.) 
The Regional Pastoral Laboratory at Armidale and its 

associated Field Station, " Cbiswick '', were established in 
194 7. At present, the research team consists of officers of 
the Divisions of Animal Health and P roduction, Plant 
Industry, and Mathematical Statistics, and of the Wildlife 
Survey Section. 

Investigations in progress by officers of the Division of 
Animal Health and Production include : studies on Jamb 
mortality (see Chapter VIL Section 13); double joining 
of ewes (see Chapter Vil., Section 13); distribution of 
lambing performance (see Chapter VII., Section 13) ; 
sheath rot in wethers (see Chapter VIL, Section 17); 
internal parasites (see Chapter VIL, Section 18); grazing 
management (see Chapter VII., Section 22); and beef 
cattle (see Chapter VIll., Section 7). " Chiswick" was 
one of the centres used in the Merino Strains Trial and 
progress in this work is reported in Chapter VIL, 
Section 14. 

Based on a detailed ecological survey of the New 
England region, the Division of Plant Industry bas an 
extensive pasture research programme in progress. It 
includes plant introduction studies, studies on uative 
pastures, problems of plant nutrition, and the develop
ment, maintenance, and utilization of sown pastures. 
Investigations in progress by the Wildlife Survey Section 
include survey of insect vectors of tbe myxoma virus, and 
methods of rabbit control (see Chapter X., Section 2). 

At "Chiswick" an area of I , l 00 acres bas been culti
vated and sown to pasture. Jn addition, approximately 
900 acres of native pasture have been cultivated and 
surface-seeded with grasses and clovers. Sheep shorn in 
1955 totalled 4,855, yielding 127 bales of wool, or an 
average of 8.2 lb. per head, including crutchings. A total 
of i,500 lambs were weaned in March, 1956; cattle 
totalled 145 head, and horses ten. 

8. NATIONAL FIELD STATION, "GILRUTH P LAINS", 
CUNNAMULLA, Q UEENSLAND. 

(Division of Animal Health and Production.) 

The rainfall recorded at the station during 1955 was 20 
inches, which is 7 inches greater than the yearly mean for 
Cunnamulla. As a result, there was no period during the 
year in which the natural pastures were unsatisfactory for 
sheep. 
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At shearing in the autumn of 1956, medium Peppin 
ewes fifteen to sixteen months old cut 10.8 lb. of greasy 
wool, during a calculated growing period of twelve 
months. 

Two of the Merino breeding trials previously reported 
are being continued, namely, ABl and the study of the 
inheritance of hornedness in sheep (see Chapter VII., 
Section 14) . The strains trial was completed during the 
year (see Chapter Vrr., Section 14) . 

9. NATIONAL CATILE BREEDING STATION, " BELMONT", 

RocKHAMPTON, QUEENSLAND. 

(Division of Animal Health and Production.) 

" Belmont", situated on the Fitzroy River some 20 
miles north of Rockhampton, was acquired by the Aus
tralian Meat Board and made available to the Organization 
in 1953 for work on beef cattle production. The main 
programme of the station, which is 7,000 acres in area 
and bas a carrying capacity of 1,400 bead, is directed 
towards studies in adaptation of British breeds and their 
crosses with exotic breeds to a tropical environment. 

The first set of matings were made in January 1954, and 
these have been successfully repeated in 1955 and J 956. 
To date, calvings have been good and, with the com
pletion of extensive facilities necessary for the handling of 
large numbers of cattle to meet experimental requirements, 
comprehensive data are now being accumulated on many 
aspects of production. 

Generally, seasonal conditions have been favorable and, 
although some minor disturbances have resulted from 
unusually frequent floods, the main programme has not 
been upset and all experimental groups have been held 
intact. 

Improvement of the property by way of ringbarking, 
scrub clearing, eradication of noxious weeds, and sowing 
down of pastures, is proceeding satisfactorily. 

Although some surplus animals have been disposed of, 
stock numbers have now reached 1,300. 

Preliminary results and a progress report is given in 
Chapter VITI., Section 8. 

10. POUL TRY RESEARCH CENTRE, WERRIBEE, VICTORIA. 

( Division of Animal Health and Production.) 

Studies in population genetics, with particular emphasis 
on problems of heterosis, and supported by physiological 
research, form the main projects at this Centre. Progress 
reports are given in this Chapter, Section 11. 

A total number of 1,253 dams were selected during the 
1955 breeding season and artificially inseminated with 
semen from 119 selected sires. The total population of 
adult birds was reduced to save expenditure on feed and 
at April 1, 1956, was 5,250 of which 3,028 were White 
Leghorns, 483 Australorps, and 1,739 crossbreds of various 
types. 

1 1. INVESTIGAT IONS OTHER THAN WITH SHEEP AND CATTLE . 

(Division of Animal Health and Production.) 
ln addition to work at the main centres described in 

previous sections of this chapter, staff of the Division are 
also located in Western Australia, South Australia, Queens
land. and Tasmania, working in association with Depart
ments of Agriculture and Universities. Work is proceed
ing at the University of Adelaide in genetics (see this 
Section); at the University of Queensland on the effects of 
high temperature on pregnancy in Merino ewes on breed
ing season of Merino ewes in relation to length ~f day (see 
Chapter VII., Section 13), and on seasonal coat changes 
in cattle of European origin (see Chapter Vllf., Section 7); 
with the Western Australi an Department of Agriculture in 
Perth on the copper metabolism of sheep (see Chapter 
VTT., Section 17), and on the comparative biochemistry 
of copper and on the cobalt status of pastures (see this 
Section); with the Northern Territory Administration and 
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Department of Agriculture, Western Australia, on the in
vestigation of Kimberley horse disease (see this Section); 
and with the Divisions of Plant Industry and Soils and the 
Department of Agriculture in Tasmania on a project at 
" Frodsley ", to elucidate the effects of fertilizers, includ
ing potash, on the production of pastures there and on 
the health and growth of sheep. 

(a) Studies on Microbial Metabolism (Animal Health 
Laboratory, Melbourne) .-Work has been continued on 
the nutritional requirements of the causal organism of 
pleuropneumonia of cattle, Asterococcus mycoides, which 
which can be grown only in a complex basal medium which 
has disadvantages ia vacciae production. Experimentally, 
serum has been found to be replaceable by a beat-stable 
serum-protein fraction, cholesterol and "Tween 80 " in 
balanced proportions, when the tonicity is adequately ad
justed. It bas been shown also that the organism requires 
some nucleic acid fragment or fragments for growth, and 
particular attention is being paid to nucleic acids in the 
cultivation of this and related pleuropneumonia-like or
ganisms (P.P.L.O.) which are becoming increasingly im
portant in the field of animal pathology. The role that 
oxygen plays is also being studied. 

(b) Physiological Genetics (University of Adelaide).
The discovery that 'the absorption of sugar from the 
medium, by non-growing cells of Neurospora crassa, can 
inhibit growth of normal cells has to led to a hypothesis 
regarding carcinogenesis which is being tested on mice. 
In addition to suppression of cells of one type by those of 
another, the type of selective medium used to detect 
mutated cells and the number of dead cells present have 
both been shown to be sources of error not controlled in 
mutation experiments so far carried out. 

Work on electron microscopy has been started success
fully. The object is to study the minute structure of 
chromosomes. At this stage, the problem is to prepare 
orientated chromosome sections. 

(c) Studies in Population Genetics (Poultry Research 
Centrc).-Analysis of the part-annual records of the F 7 
generation of pullets at the Poultry Research Centre 
confirmed most of the findings reported last year-

( i) The control flock of White Leghorns propagated 
without selection was again used as a base line from which 
to assess the performance of other flocks. 

(ii) Mass selection based on individual egg records 
improved egg production, but at a lower and more erratic 
rate than fami ly selection did. This mating group will not 
be continued. 

(iii) Mass selection based on either excellent or inferior 
body conformation had no effect on the level of egg 
production. This group will not be continued. 

(iv) The flock of White Leghorns bred by combined 
family and individual selection continued to make steady 
progress at the rate of about five eggs per year. 

(v) The flock of White Leghorns propagated according 
to the late Dr. Hagedoom's ideas, by mating sons of 
progeny tested sires to all of their half-sisters, showed at 
an increasing degree the deleterious effect of continuous 
half-sib matings, which lead in seven generations to a 
coefficient of inbreeding of 55 per cent. Egg production 
increased at a slower rate than in the family-selected out
bred production flock, batchability and chick viability were 
depressed, and variability was not decreased. Reproduc
tive fitness of this flock was lowered to such a degree that 
it becomes increasingly difficult to maintain the size of 
this closed flock . 

(vi) The inbred strains of White Leghorns reached a 
coefficient of inbreeding of 60-72 per cent. Although in 
some cases fertil ity, and in most instances, hatchability, 
chick viability, and egg production were adversely affected, 
a few families behaved differently. Not sufficient evideace 
is yet available to expla~n this obse;vation. .Strain crosses 
were made for the fi rst time to obtam heteros1s. 

(vii) A line was started, in which males of one breed 
are selected according to the offspring they produce when 
crossed to a second breed. Leghorns and Australorps were 
chosen for this work. This method of selection is termed 
reciprocal recurrent selection. 

Ao F~ generation from White Leghorn and Australorp 
crossbreds was produced to permit further studies on the 
causes underlying heterosis. 

Studies on the characters of heritability of egg produc
tion in the Werribee flock of White Leghorn pullets during 
the first three-four years or selection resulted in the 
following estimates:- 25-30 per cent. for annual produc
tion, 3 J -3 3 per cent. for egg production to 72 weeks of 
age, and 32-33 per cent. for part-winter period up to 
31st May. 

(d) Avian Physiology (Poultry Research Centre).-A 
study has been started in which the effect of high and 
low protein diets on the egg production of purebred and 
crossbred fowls will be compared. This is part of the 
investigation into heterosis. 

The research findings of this Centre on the transport of 
fowl sperm in the oviduct, as reported last year, have 
suggested new techniques for inseminating with fowl 
semen. A number of semen samples are now being 
stored under deep frozen conditions so that these methods 
can be tested under field conditions. 

Semen quality tests carried out during the breeding 
season showed that poor fertili ty obtained with 0.2 c.cm. 
of three times diluted semen in most of the highly inbred 
strains was corre.lated with sperm density values below 
1.8 x 109 per c.cm. undiluted semen. 

(e) Other Observations on Poultry (Poultry Research 
CenLre).-The analysis of the post-mortem results from 
four years of pullet mortality in the flocks of this C.entre 
confirmed leucosis as the main cause of death. It was 
responsible for a 7.5 per cent. mortality of the flock as a 
whole, and for 35 per cent. of the deaths in 2,371 pullets 
which died. 

Plans have been completed for an experiment during the 
hatching season of 1956, to investigate the effect of 
brooding chickens in proximity to adult birds, on the 
incidence of leucosis in later life. 

(f) Comparative Biochemist1y of Copper (Department 
of Agriculture, Perth).-A paper on "The copper content 
of rbe liver and blood of some vertebrates" lias been 
recently published. Therein, it was suggested that, in 
species with relatively high normal liver copper levels (the 
sheep, tbe duck, the frog, and certain :fish), there might be 
some inability to regulate storage of copper, when com
pared with the majority of other species studied. This 
theory has now been tested with groups of ducks and 
domestic fowls receiving three levels of copper in the diet 
for varying periods, from three weeks of age up to fifteen 
weeks of age. Although there were differences in liver 
copper levels between the SJ?ecies, ducks, contrary to 
expectation, showed definite evidence of ability to regulate 
copper storage at higher levels of intake. 

(/l) Kimberley Horse Disease (Animal Health Labora
tory, Melbourne).-In conjunction with other workers, 
especially those of the Northern Territory and Western 
Australia, the investigation of this disease has been con
tinued. With the incrimination of Crotalaria retusa as 
the poisonous plant responsible for this disease in the 
chief areas affected, measures for minimizing the incidence 
of rhe disease can now be applied. At this laboratory, 
these studies are being integrated with others on the patho
logical effects of plants poisonous to domestic animals, 
especially those containing hepatotoxic alkaloid$; 
co-operative work in this field is also pursued with the 
Division of Industrial Chemistry. 
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12. ANIMAL GENETICS. 

(Animal Genetics Section.) 

The Animal Genetics Section aims to investigate the 
possibility of applying genetics to animal breeding and 
allied fields and to train students interested in the subject. 

One M.Sc. student finishes his training this year. Six 
students are undertaking post-graduate work with the 
Section and one is specializing in third year Genetics. 
Two lecture courses arc being given, one of 30 lectures 
to second-year science students on genetics and one of 
about 50 lectures to honours and post-graduate students 
on experimental biology. A teaching film demonstrating 
the main features of meiosis was sold successfully in the 
United States, and a companion film on mitosis is under 
way. The laboratories being built in the Zoology Depart
ment of the Sydney University are nearing completion and 
should be occupied early in the financial year. 

(a) Genes and Chromosomes.-Arrangements have 
been made to collect a small number of echidna and 
platypuses to continue studies on the amount of nucleio 
acid per nucleus in mammals other tban eutherian 
mammals. Experiments on crossing-over in Drosophila 
melanogaster have been continued. Preliminary results 
suggest that the age of a female bas a more profound effect 
on coincidence than it does on crossing-over, and adds 
further to the body of data showing these to be to some 
extent under independent control. No positive correla
tion has been found between the effect of modifiers on 
the number of bristles on the scutellum and the number 
of chaetae on the abdomen in studies of the expression of 
the scute gene in D. melanogaster. Since the scute gene 
reduces the number of chaetae on the abdomen by half, 
this finding is somewhat unexpected. An experiment to 
measure the correlation between scutella bristles and 
abdominal chaetae is nearly completed; correlation if 
present appears to be negative. Work on the effect of 
cold on mutation rate, which has been taken as far as is 
wished to take it for the time being, has been followed by 
work on the effect of heat treatment on mutation rate. 
Treating males with near-lethal temperature appears to 
produce bunches of mutated sperm, sometimes as high us 
20 per cent. of all sperm produced by the treated male. 

(b) Myxomatosis.-The animal house at Prospect is 
nearing its estimated maximum output of 2,000 rabbits a 
year. Selection of rabbits for resistance to the KM13 
virus is in the third generation. A marked change in the 
rabbit's ability to acquire immunity has been produced 
during this lime. The problems now being investigated 
are, firstly, to determine in what way resistant differ from 
non-resistant rabbits, and, secondly, to show whether 
response to myxoma virus is correlated with response to 
other pox viruses. For this purpose the selectiou lines 
will be continued and their response to killed virrus 
measured and compared to the response of unselected 
rabbits. It is possible that the difference between the lines 
Hes in speed or magnitude of response or both, or even 
that resistance is not connected with antibody production 
at all. Large supplies of virus are required for this work; 
as present methods of harvesting yield only 1110 mg. from 
a rabbit, improved methods must be found. In order to 
measure the inactivation of virus by antibody quantitatively 
the biological method of assaying virus is being extended. 
The fertility of rabbits recovering from myxomatosis has 
been shown to be closely related to the severity of the 
attack. 

(c) Serology.-Factors affecting the amount of ant i
body produced by an animal when challenged are still 
being studied. The low heritability of response of mice 
to injection of sheep red cells is confirmed. The response 
of mice to antigen is more sensitive to environmental 
factors as the mouse becomes older. It is affected by 
bleeding; very severe bleeding reduces antibody produc
tion, slightly less severe bleeding increases it, anything 

less than severe bleeding bas no effect at all. A line of 
mice selected for high and low resp~nse. to oestrogen has 
shown differences in response to 10Ject1on of sheep ~ed 
cells depending on the route of injection use~, which 
suggests that the lines differ in the r~t~ at. which ~ey 
absorb antigen from different sites of 101ecllon. Studies 
of anaphylaxis in mice have shown a dependence o~ dose 
which is not yet clearly understood. The p~oble~ is ~so 
being investigated by use of skin grafting 10 m~ce. 
Attempts are being made to mask the homograft reaction 
by pretreatments of various kinds. It has been found that 
homogra fts between animals related by six generations of 
backcrossing will take at the second grafting though not 
at the first. 

(d) Mice.-Experiments on selection and variability 
continue. The lines selected for sensitivity to oestrogen 
given by the intravaginal route have reached the eleventh 
gcucration and continue to respond to selection. Four 
lines have been commenced for selecting for response to 
oestrogen given subcutaneously. The inbred lines which 
were subdivided into five sublines all have reached a point 
where variation between sublines of an inbred line can be 
measured. The tabby gene is being used to compare 
selection in a line where the character (vibrissa number) is 
variable to selection with one which is not. Variation of 
vibrissa number though present in some stocks of normal 
mice is much less than in tabby mice. Studies on skin 
and hair in mice have shown the importance of mast ccUs 
to pigmentation of hair. Work has been begun using 
X-rays to relate the bleaching effect of X-rays to events in 
the skin. Mast cells appear to be affected by X-radiation. 
Use of X-rays has produced phenocopies, but so far none 
of the kind sought, i.e., affecting skin and hair growth. 

VI. NUTRITION. 

1. GENERAL. 

As an exact knowledge of the nutritional physiology of 
ruminant animals is of primary importance to the solution 
of problems imposed by climate and terrain on pastoral 
industry in Australia, the Organization, early in its 
development, formed a research Division to seek by 
experiment new knowledge of how sheep and cattle deal 
with their fodder, and to determine what nutritional 
clements are required to maintain flocks and herds in 
normal health and production. The research in this field 
has been confined mainly to the nutritional biochemistry 
of the sheep. 

Division of Biochemistry and General Nutrition.-Tbe 
~vision has devoted its attention mainly to studi~s of the 
nutritional factors which govern wool production, and 
particular attention has been given to the capacity of 
various pastures to provide the sheep's requirements of 
essential nutritional elements. In general the course of 
the study has been to establish fundamental knowledge 
and then apply it. Extension of knowledge gained by 
intensive research in the laboratory to practice in the 
pastoral industry has resulted in spectacular economic 
returns. 

Successes arising from this approach have been men
tioned in previous Reports; new ones continue regularly 
to appear. One instance which, during the past year, has 
arisen from investigations that apparently had no imme
diate practical significance may be mentioned here as an 
example of the fruitfu lness of this approach. 

During the course of a study of the movements of the 
fore-stomachs of the sheep, a chance observation revealed 
the fact that when swallowed, a heavy object-a bullet 
for instance-remains either at the bottom of the rumen 
or makes its way to the reticulum, a contiguous organ 
whose contents periodically mix with those of the rumen. 
Further investigation of this phenomenon provided a clue 
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to a means by which an adequate ~ob~t co.nccntr~tion 
·th. ti 0 rumen contents may be mamt::uned mdefimtely, 

WI Ill 1 . . ct• "d I . L "th d t very little cost, by dosing m 1v1 ua amma s w1 
~1ea~y " pills from which cobal.t will disso!ve at tl~e rate 
necessary to provide the very mmute qu~nttty require~ to 
ensure protection against cobalt deficiency or agamst 
phalnris staggers. In this way the considera?Ie cost and 
inconvenience involved in the frequent clrenchmg of floe.ks 
and herds or in the application of cobalt in manunal 
dressings on the pastures can be overcome: -!" ne~ 
principle which may bave many other. apphcati~ns ~n 
husbandry practice has thus been established. This w~ 
be discussed in further detail in other sections of this 
Report. 

Some of the other current investigations are described 
in this Chapter and further detailed refcrcoces are made 
under Chapter III., Section 11, and Chapter VII., 
Sections 2-9. 

2. NUTRITION AND WooL PRODUCTION. 

(Division of Biochemistry and General Nutrition.) 

Summaries of researches that have Jed to the present 
understandino of the main relationships between nutrition 
and wool p~oduction have been presented in previous 
Reports. Current investigations aim at estimating, u_nder 
various feeding conditions, the ex.tent of the synthesis of 
methionine and eystine that is effected by microorganisms 
in the rumen; and in this connexion particular attention 
is being given to the extent of conversion of fodder 
proteins to microbial proteins by the rumen flora and 
fauna. 

Further studies arc being made on the influence of 
copper-containing enzymes on the processes o~ keratiniza
tion nod pigmentation of wool fibres. Details of these 
investigations appear under various beadings in Chapter 
vn. 

3. STUOl"ES OF THE METABOLlC PROCESSES OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 

Knowledge of the intermediary metabolism of fatty 
acids by the sheep has been very considerably extended 
during the year by a series of experimental studies that 
were undertaken primarily to throw some light on the 
metabolic lesion that gives rise to the syndrome of 
vitamin B1'.! deficiency which ensues in ruminant ani'!lals 
when the amount of cobalt in their fodder remains for a 
considerable period less than the critical concentration 
necessary to maintain a normal microflora within the 
paunch. 

Further studies of the sugar metabolism of the sheep, 
which have extended knowledge of this aspect of ruminant 
physiology, have been made and have thrown light on the 
underlying mechanisms involved in the disordered sugar 
metabolism that gives rise to diabetes. 

These researches are referred to in more detail in 
Chapter VU. 

4. ENERGY METABOLISM OP TUE SHEEP. 

(Division of Biochemistry and General Nutrition.) 

The studies of the thermodynamics of the overall energy 
transactions of the sheep have been continued. The inter
plny of Cl'lcrgy meta?olism and P'.~tein i:netab?lis?1 is receiv
ing a special altcnt1ou. To fac11Ltntc invcs11gat1ons of_ the 
rate of protein turnover a mass spectograph especially 
suitable for the determination of 14 N/ lGN ratios has been 
installed at the laboratory. 

Various aspects of the application of energy metabolism 
to other problems of sheep nutrition arc referred to in 
Chapter Vll. 

5. M.ICROBIOLOGICAL PROCESSES OP RUMINATION. 

(Division of Biochemistry and General Nutrition.) 

Previous Reports from this Division ha_ve stres~ed ~e 
fact tbat the nutritional welfare of a rummant awmal is 
determined by the microorganisms that inhabit its paun~b. 
As little is yet known of the factors that are essential 
for the nutrition of these microbes, a series of investiga
tions was begun some time ago to throw more light on 
this important aspect of ruminant nutrition. The results 
of experiments during the period under review have 
stressed further the fact that the composition of the 
ingesta affects remarkably the nature of the mixed popula
tion of microorganisms that inhabit the rumen. These 
investigations have demonstrated, in particular, the very 
striking dependence of particular classes of bacteria on 
heavy metals-cobalt for instance. This and other aspects 
of current researches are referred to in various sections 
of Chapter VII. 

6. SALT TOLERANCE OP SHEEP AND POTABILITY OF 

STOCK WATERS. 

(Division of Biochemistry and General Nutrition.) 

The lacunae in our knowledge of the tolerance of 
Merino sheep to the mineral salts that occur in bore 
waters, and the importance of information that will allow 
those engaged in pastoral industry a better means of 
assessing the potability of stock waters, have been stressed 
in previous Reports. The new knowledge gained during 
the past year from a series of experiments which aims 
to determine inter alia the greatest concentration of these 
salts that sheep can tolerate in their drinking water is 
discussed in Chapter VII., Section 9. 

7. CARBOHYDRATES AND STEREOCHBMISTRY. 

(Division of Biochemistry and General Nutrition.) 

A better understanding of the nature of the defects in 
metabolism which supervene on nutritional deficiencies 
rests heavily on an extension of knowledge of the enzyme 
reactions that arc the basis of Jiving processes; and this, in 
turn, rests to a considerable degree upon stereochemical 
knowledge. For this reason a small Section has been 
established in this Division to conduct research in stereo
chemistry, primarily in the field of carbohydrate chemistry. 

The work on the separation of carbohydrates by paper 
ionophoresis, mentioned in the previous Report, has been 
continued. Data have been obtained for the ionophoretic 
migration of all common sugars and sugar alcohols, and 
representative simple glycols, in several e.Iectrolytes. 
Difficulties of detection of carbohydrates on the paper 
strips contnining electrolytes have been successfully solved 
by modifying established procedures, and by developing 
new methods. A preliminary account of the above work 
has been submitted for publication. 

The mechanism of the transport of carbohydrates during 
paper ionophoresis is now being eitamined. As the results 
of the initial experiments cannot be completely reconciled 
with currently accepted views about the reaction between 
boric acid and polyhydroxy compounds, new hypotheses 
liave been formed and are now being tested experilJ?entally. 

Concurrently with the paper ionophoresis, work is being 
continued on the formation of cyclic acctals of carbohy
drates, as the same fundamental stereochcmical principles 
arc involved in the two reactions. Some results that are 
both useful and theoretically important have been obtained 
during the preparation of cyclic acetals from cyclo
hexanonc. Present indications are that the studies of 
acetal formation and of complexes with boric acid are 
yielding results that will be important also in fields of 
knowledge other than that of carbohydrate chemistry. 
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8. MINOR ELEMENT DEFICIBNCIE.S IN ANIMALS. 

(Division of Biochemistry and General Nutrition.) 
(a) Genera/.-Studies of the nutritional importance of 

traces of heavy metals have been for a number of years 
one of the central activities of the Division, and the 
economic consequences that have supervened on the 
application of knowledge arising from these studies have 
been dramatic. Many of them have been conducted with 
experimental flocks in the field under conditions which 
prevail in station practice and many have been conducted 
with experimental sheep confined in pens and in meta
bolism cages. Solution of some of the problems is 
faciJitatcd by employing small experimental animals under 
la.boratory conditions. 

(b) Copper Deficiency in the Rat.-Previous Reports 
have outlined the results of the series of studies that have 
demonstrated the effects that molybdate ions in conjunction 
with sulphate and sulphide ions have on the copper meta
bolism of the sheep. and have remarked upon the impor
tant consequences of variations in the relative concentra
tions of these elemenlS in the pastures of large tracts of 
Australian grazing country. 

Certain fundamental differences in the reactions of 
ruminants (sheep) and rodents (e.g. rat) to these nutri
tional variables that have been revealed have been 
mentioned in these Reports. Further studies of the under
lying mechanisms responsible for these differences have 
extended our knowledge of this phenomenon. They have 
provided elegant proof that copper enters into a number of 
different physiological processes and have shown that, in 
the competition among these processes when the overall 
supply of copper to the animal is inadequate, the catalytic 
reactions responsible for oxidation of thiol groups suffer 
first. The first apparent symptom of copper deficiency 
that appears in the sheep is the lesion in the wool fleece. 

During the year under review a comprehensive study 
has been made of the rat's capacity to deal with a 
relatively large intake of sulphide. Soluble sulphides, 
Na2S for instance, were found to be surprisingly well 
tolerated, but if the intake is high the animal's copper 
status becomes reduced and the symptoms that make up 
the progressive syndrome of copper deficiency appear. 

In addition, experiments were conducted to illuminate 
further the e[ects that the ingestion of molybdenum and 
sulphate has on the distribution of copper-containing 
complexes in the blood and tissues, and on the chemical 
nature of copper complexes stored in the liver. 

( c) Copper Deficiency in the Sheep.-The long-term 
experiments with sheep confined in pens on copper
dcficicnt rations comprised essentially of wheaten chaff 
and wheat gluten have been concluded. These experiments 
have clarified many aspects of copper metabolism and 
especially have illuminated the mechanisms that control 
the assimilation, storage, and excretion of copper by the 
grazing sheep. The results arc being prepared for publica
tion. Many of these animals have been retained for 
special studies of various aspects of copper deficiency. 

The copper-catalysed physiological process through 
which the black pigment, melanin, is produced has been 
the subject of a series of studies during the year. 

Experimental studies of other aspects of the copper 
metabolism of sheep are reported in Chapter VII. 

(d) Zinc Deficiency i11 the Rat.-Cbemical techniques 
that render possible the production of rations adequate in 
aJI respects other than their capacity to provide the 
amount of zinc necessary to fulfil the requirements of the 
rat have been mentioned in previous Reports, and the 
behaviour of experimental auimals when confined to such 
diets has been remarked upon. These studies have been 
continued to provide further information about the 
metabolism and function of zinc in the animal tissues. 
OfiZn of high specific activity was used as a tracer to 

determine the rate of uptake of zinc by experimentaJ 
animals that had been rendered zinc deficient, and to 
establish rbe distribution and Jocation of zinc in their 
tissues. Following the observation that nitrogen meta
bolism is seriously impaired by zinc deficiency, a study of 
nitrogen retention and turnover is being made with 1sN
labelled glycine. Concurrent with these studies a compre
hensive investigation is being made of the respective rates 
at which energy is dissipated by zinc-deficient rats and 
paired normal controls under standard conditions. 

9. VITAMIN B12 AND CooALT METABOLISM. 

(Division of Biochemistry and General Nutrition.) 

(a) General.-Previous Reports have mentioned thl.! 
studies that proved the untoward effects of cobalt 
deficiency in the ru111inant to be due to a deficiency of the 
cobalt-containing accessory food factor vitamin B12· 

:rurther experin1ents conducted during the past year have 
shown conclusively that the microorganisms responsible 
for the production of vitamin B12 in the rumen are 
critically dependent upon the cobalt concentration of the 
rumen contents, and that when this falls below a limiting 
amount there is a very manifest change in the associative 
growth of microfiora. A precipitate fall in the vitamin B12 

production accompanies this change but the fermentative 
processes which convert to simple fatty acids the complex, 
insoluble carbohydrates of the fodder remain unaffected. 
The microorganisms that flourish when the cobalt concen
tration is adequate have essentially a different metabolism 
and are apparently capable of dealing with certain sub
stances that, if absorbed unaltered, are toxic to the anim~: 
T his latter important aspect of the function of cobalt m 
ruminant nutrition will be considered in a later section 
in which the malady pbalaris staggers is discussed. 

(b) Microbiological Estimation of Vitamin B12 and 
Folic Acid.-Thc progressive fall in the concentration of 
vitamin B 12 in the liver which supervenes when sheep are 
confined to cobalt-deficient rations has been studied further, 
and its relationship with the vitamin B12 concentration 
of the blood plasma bas been established so as to render 
certain the diagnosis of cobalt deficiency. Deficency 
symptoms appear when the vitOJmin B12-activity in the liver 
falls below 0.1 µg vitamin B1~/ g. wet weight. The corre
sponding concentration in the plasma is then between 0.2 
and 0.3 m1~g: vitamin B12/ ml. 

Suitable microbiological methods for the estimation of 
folic acid have been developed, and preliminary observa
tions indicate that the concentration of folic acid in the 
liver is closely related to the vitamin B12 status of the 
animal. 

(c) Vitamin 81 ~, Folic Acid, and Haemopoiesis.-Fur
ther studies have been made of the anaemia that is asso
ciated with cobalt (vitamin B12) deficiency in the sheep, 
and observations on the relative effects of folic acid and of 
vitamin B1'.! on the macrocytic anaemia which occasionally 
supervenes on cobalt deficiency in the sheep have been 
extended. The .findings stress further the close functional 
relationship between folic acid and vitamin B12• 

The studies of the prophyrin metabolism mentioned in 
the last Report have been completed and the results 
published. 

(d) Intermediary Metabolism of Vitamin Bu-deficient 
Sheep.-A series of studies have been begun which aim to 
reveal the metabolic lesion responsible for the greatly re
duced capacity of the vitamin B 1rdeficient ruminant's 
tissues to deal with the foodstuffs absorbed from the intes
tine. There is unequivocal evidence that when the cobalt 
concentration is abnormally low, the changes in the rumen 
microRora have no influence on the overall digestibility of 
the fodder, nor do they effect materially the nature of the 
end-products arising from bacterial dissimilation of the 
fodder within the alimentary canal. Some of the .findings 
from this study of the intermediary metabolism of vitamin 
B1~-deficient sheep are mentioned in Chapter VIL 
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lo. PLANT NUTRlTION. 

(Division of Biochemistry and General Nutrition.) 

The programme of studies of the function of zinc in the 
pasture plants has been continued. A brief resume of the 
findings during the period under review appears in Chapter 
In., Section 11. 

11. FIBLD STATIONS. 

(Division of Biochemistry and General Nutrition.) 

Semi-intensive studies of cobalt and vitamin B12 
deficiencies in sheep and of the interplay of copper and 
molybdenum in Lhe nutrition of ruminants have been 
carried out a t the Division's block of pens situated at the 
Waite Institute. 

The experiments on salt tolerance, on protein supple
ments for sheep, and on the effects of chronic fluorosis, 
which are described elsewhere in this Report, have been 
conducted at the Division's central field station, Glen
thorne, a property of 600 acres situated 11 miles from the 
main laboratories. This station now carries 1,400 strong
wooled (Anama) Merinos and a nucleus flock of fine. 
wooled (Havilah) Merinos. Development of this station 
is proceeding as labour and materials become available. 

Several other field stations are situated elsewhere on 
terrain where deficiencies occur. Field investigations of 
phalaris staggers and of the deficiencies of copper and 
cobalt in sheep are p roceeding at Brecon and at Robe 
respectively. 

12. PHALAJUS STAGGERS. 

(Division of Biochemistry and G eneral Nutrition.) 

This work is described in Chapter VII., Section 7. 

13. UREA AND NITROGENOUS CoMPOUNDS AS A SOURCE OF 

NITROGEN FOR RUMEN MICROORGANISMS. 

(Division of Biochemistry and General Nutrition.) 

This work is described in Chapter V., Section 8. 

VII. SHEEP. 

1. GENERAL. 

The sheep holds a unique position in the Australian 
economy. Wool is our major export, and primary pro
ducts from the sheep industry such as wool, lamb, mutton, 
and hides comprise up to 45 per cent. of all Australian 
rural production. The sheep, too, allows of the use of 
vast areas of marginal land which it has not so far been 
practicable to use for other purposes. With a sheep 
population of over 125,000,000 Australia produces about 
one-quarter of the world's wool and about twice as much 
as any other country. More than one-half of the world's 
production of fine wool comes from our dry inland areas. 
Thus Australia has a vital interest in ensuring that wool 
can withstand the competition from artificial fibres. The 
remarkable success of the latter has been due in the main 
to the clear understanding, arising from research, of the 
physical and chemical properties of the new fibres. More
over, the chemical industry established to produce them 
is planned as a co-ordinated and organized unit, which 
ensures maximum efficiency and minimum wastage at all 
stages. 

It is a major aim of the Organizations integrated pro
gramme of research in aid of the wool industry to 
investigate every phase of sheep and wool production: 
soils, pastures and nutrition, genetics, animal husbandry, 
wool processing, textile manufacture, and the exploitation 
of by-products. The Organization has been given respon
sibility for carrying out th is extensive programme under 
the provisions of the Wool Use Promotion Act 1945. The 
Government has set aside funds earmarked for this pur
pose amounting to almost £400,000 per annum in a 
Wool Research Trust Account. Further moneys for 

capital expenditure are available from interest on the 
£7.000,000 of the Wool Industry Fund. 

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 
pastu;e improvement nod weed control. The work of 
Lhe Organization on soils, pastures, and related matters 
affecting the pastoral industry is carried out by the 
D ivision of Soils and the Division of Plant Industry 
(see Chapters II. and Ill.) . 

Work on the sheep itself has been undertaken within the 
Division of Animal Health and Production (see Sections 
10-20 and 22 of this Chapter) and the Division of Bio
chemistry 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 Sectioo's work on sheep breeding is 
described in Section 15 of this Chapter, and that of the 
Division of Entomology on the sheep blowfly in Section 
21 of this Chapter. 

The Organization's work in the investigation of wool 
processing and wool textile problems is undertaken at the 
Wool Textile Research Laboratories and the Division of 
fndustrial Chemistry (see Chapter XVI.). 

2. NUTRITION AND WOOL PRODUCTION. 

(Divi~ion of Biochemistry and General Nutrition.) 

The general background of these studies has been dis
cussed in previous Reports. The greater part of the 
investigations of the D ivision of BiochemisLry and G eneral 
Nutrition is devoted to the solution of problems which 
bear more or less directly upon this particular aspect 
of the great pastoral industry. Some of these have been 
discussed in Chapter VI. 

During the period under review the investil!ations have 
been directed mainly to the influence of copper on the 
keratinization process within the follicles. Experimental 
studies have also been made to illuminate further the 
incerrelationships between energy metabolism, protein 
turnover, and the rate o( wool production. This latter 
series of experiments is essentially a long-term research 
which aims to establish inter alia the relative levels of 
protein and utilizable energy which will ensure the most 
efficient utilization of protein for wool production by 
high-producing merino sheep. These experiments are 
mentioned elsewhere under Section 4 of this Chapter. 

3. MICROBIOLOGICAL PROCESSES OP RUMINATION. 

(Division of Biochemistry and General Nutrition.) 

F urther experimental studies of the fate of nitrogenous 
compounds in the fore-stomachs of the sheep have con
firmed the preliminary finding that the proportion of 
tbe dietary nitrogen reaching the duodenum may vary 
widely according 10 the nature of the diet. With a 
relatively high level of nitrogen in the ration. as in 
lucerne hay, the amount reaching the duodenum may 
be equivalent to less than 50 per cent. of the quantity 
fed, but on a diet containing only 1 per cent. or less of 
nitrogen, e.g. wheaten hay, the amount may actually be 
greater than that fed. The ratios of nitrogen to lignin in 
the various compartments of the fore-stomachs when 
compared with each other ::ind with the ratio in the diet 
indicated that in sheep fed on lucerne hay the nitrogen lost 
from the ingested foodstuffs before it reached the 
duodenum was Jost by absorption through the rumen wall. 
Jn sheep fed on low-nitrogen diets it is probable that such 
losses are very small and that the ratio of n itrogen to 
lignin in the stomach contents can be increased significantly 
by the influx of nitrogen into the alimentary tract thr ough 
saliva, blood, or gastric juice. 

The investigation of microbial protein from the rumen 
has been extended and now includes amino acid analyses 
of preparations of protozoa and bacteria from sheep fed 
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on wheaten hay, wbeaccn hay+ oats+ urea, lucerne hay, 
and pasture. The bacterial protein exhibited a very 
uniform composition, the protozoa! protein rather less 
regularity; but both were very similar to pasture protein. 
The main differences were that the bacterial protein was 
somewhat richer in lysine and methionine, and poorer 
in leucine and histidine than pasture protein. The more 
variable protozoa! protein was consistently richer in four 
of the " essential " amino acids, lcucinc, isoleucine, 
phenylalanine, and lysine. These findings suggest that for 
at least a fairly wide range o{ types of ration the nutritive 
value of the microbial protein of the rumen is almost 
constant and that only a very extensive conversion of 
plant to microbial protein would lead to a significant 
change in the proportions of amino acids finally made 
available to the host animal. Such changes would be 
maximal if the conversion were to protozoa! rather than 
bacterial protein. 

4. ENERGY METABOLISM OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 

During the year tbe calorimetric chambers have been 
employed in a number of studies of the energy transactions 
of sheep under different feeding conditions, the main 
investigation being that mentioned under Section 2 of this 
Chapter. 

5. CARBOHYDRATE METABOLISM OF THE SHEEP. 

(Division of Biochemistry and General Nutrition.) 

Investigations mentioned in the previous Report have 
been continued and additional evidence has been obtained 
to indicate important differences between the metabolic 
channels of young and o{ adult sheep. Detailed know
ledge of intermediary metabolism of normal sheep is 
essential for f better understanding of many nutritional 
disorders encountered in grazing herds and flocks. 

(a) Diabetic Slleep and Lambs.-Sheep and lambs 
rendered diabetic by surgical removal of the pancreas are 
being employed in the study of certain aspects of carbo
hydrate and fat metabolism. Tolerance curves of acetate, 
propionate, and butyrate have been established for normal 
and diabetic sheep. Differences in the rate of removal 
of these substances from the blood stream after they 
have been injected indicate that the diabetic sheep's 
capacity to utilize these lower fatty acids is impaired. 
The implication that insulin plays a part in the utilization 
of the lower fatty acids, and the possible influence of other 
hormones by interaction, arc being investigated further. 

(b) The Influence of Fodder on the Utilization of 
Lower Fatty Acids.-Implications arising from the fact 
that toxicity of fluoroacetatc is influenced by the nature 
of the diet have been mentioned in previous Reports. 
This phenomenon has been studied further by examining 
the tolerance to acetate of sheep fed different types of 
fodder. Sheep tolerate fluoroacetate much better when 
they are fed on Iueerne chaff or green pasture than when 
confined to rations comprised of wheaten chaff or of 
dry pasture. 

(c) Acetylation ill Sheep and Lambs.- T be role of 
acetylation in relation to the differences between the 
abil ity of young lambs and adult sheep to metabolize 
carbohydrate is being studied, and the gradual loss of the 
young lambs' ability to acetylate sulphanilamide as 
maturity is approached bas been demonstrated. 

6. MlNOR ELEMENTS IN THE NUTRITION OF SHEEP. 

(Division of Biochemistry and General Nutrition.) 

. (a) Cobalt. Deficiency in Ruminants.-A sheep must 
tngcst approximately 100 µg cobalt each day to provide 
for ~~e elabora~ion of sufficient vitamin B1~ to satisfy its 
nutnt1onal requirements for this essential cobalt-containing 
vitamin. 

Ruminants grazing in regions where there is insufficient 
cobalt in the pastures to provide this essential minimal 
requirement of cobalt suffer the serious disabilities of 
cobalt deficiency, unless their cobalt intake is adequately 
supplemented, and these supplements must be given per os 
if they are to be effective. Thus, in practice, extra cobalt 
is provided to flocks on deficient terrain either in the form 
of drenches, which must be administered frequently, or as 
a constituent of salt licks. In certain circumstances the 
costly practice of raising the cobalt status of the pastures 
by the application of roanurial dressings of suitable cobalt 
compounds has been adopted. Drenching is laborious, 
licks are an uncertain medium, and the costs of top
dressing pastures with cobalt are usually prohibitive, as, 
more often than not, the effects a re ephemeral. A simple, 
effective, and inexpensive means of maintaining the neces
sary concentration of cobalt within the rumen would thus 
greatly facilitate husbnndry practice in deficient areas. 

(b) A New and Simple Means of Providing a Cobalt 
Supplement to Sheep.-A novel and very promising 
means of maintaining the desirable concentration of cobalt 
within the rumen was indicated by a chance observation 
that a dense object-a bullet for instance-will, ii 
swaUowed by sheep, remain either within the rumen or 
in the contiguous fore-stomach, the reticulum, the contents 
of which mix freely with the contents of the rumen. 
Clearly a " pill" of suitable size wd density from which 
cobalt would dissolve very slowly-i.e. between 0.1 and 
LO mg. cobalt/ day-would provide a means of over
coming the expensive and irksome husbandry practices 
entailed in the frequent drenching that is necessary to 
combat the untoward effects when the pastures are short 
of cobalt. 

Considerable attention has been devoted to the produc
tion of suitable "pills ". Small cylinders comprised of 
pure cobalt or of certain cobalt alloys give up, by corro
sion, the required amount of cobalt when immersed in 
distilled water or dilute salt solutions, and they remained 
without exception either in the rumen or in the reticulum, 
but on trial they were ineffective as they would not corrode 
in the highly reducing milieu of the rumen contents. 
Cobalt silicates in the form of glass marbles were tried .. 
Cobalt is removed freely from these by base-exchange in 
the rumen contents but thjs approach was abandoned 
because the objects were hardly dense enough to remain 
always in the rumen. The most feasible material so far 
investigated is a mixture of cobalt oxide and china clay. 
The hard, porous cylinders that result when this mixture is 
moulded and baked at high temperatures are sufficiently 
dense to remain in the fore-stomachs, and cobalt dis
solves from them into the rumen contents slowly but at 
a sufficient rato to ensure a concentration adequate for 
the growth of the microfiora responsible for the production 
of vitamin B12. 

Further ex.tensive testing under a variety of field con
ditions is desirable, and is being arranged, but at this 
juncture there can be little doubt that these dense, cobalt
containing pills will prove to be a feasible, inexpensive, 
and simple means of ensuring that the cobalt concentra
tion of the rumen contents is maintained continually at 
a level necessary for complete protection of sheep against 
vitamin B1!! deficiency, and phalaris staggers (see Section 
7). One dosing should protect !or many months, probably 
for some years, and there is reason to believe that suitable 
pi!Js may be developed that will remain in the rumen 
during the whole life of the animal and continue through
out to provide the very small amount of cobalt that is so 
essential . 

(c) Copper Deficiency in Sheep.-Previous Reports 
hn've mentioned experimental studies of the effects oi 
molybdenum and sulphate on the copper metabolism of 
sheep. These investigations have been extended with 
experimental fiocks conlined to tbe copper-<leficient 
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pastures at Robe, where the sheep were dcpastured with ·· 
out copper supplementation until they exhibited all of 

. the signs of advanced copper deficiency: i.e. until the 
. wool fleece showed· the typical copper deficiency lesion, 
. the concentration of1 copper in the liver and the blood 
had fallen to very low levels, anaemia had developed, 
and haemosiderosis of the liver was advanced. 

When i.n this state the animals were mated and 1hc 
appropriate treatments with copper, molybdenum, and 
sulphate were commenced. 

The concentration of copper in the blood of all animiils 
that received copper supplements rose sharply; 
molybdenum supplements in addition to copper induced 
and maintained consistently greater rises. In the animals 
that received no copper supplements the blood copper 
level remained low, but in those copper-deficient ewes 
that received molybdenum the blood-copper concentration 
rose appreciably. The sulphate supplements had no effect 
on the blood copper levels. 

The wool of a ll the sheep that received copper improved, 
although the deficiency lesion remained apparent in the 
fleeces of the animals that received molybdenum in addi
t'on to copper. The sheep that were not provided with 
copper supplements continued to grow steely wool, the 
character of which deteriorated further in the animals that 
received molybdenum. Sulphate had no apparent effect 
on 1he nature of the fleece. 

Lambing was closely observed. Enzoolic ataxia was 
apparent at birth in the lambs born to all the copper
deficient groups of ewes. except those that were treated 
with mol~·!:J-!cnum; demyelination in these Jambs was 
delayed but developed subsequently. Histological examina
of the brains and cords from all these lambs is being 
rnrried 011t. The cfTccts of the treatments on the concen
tration of copper and of iron in the liver of the ewes will 
be determined in further biopsy samples. This work is 
proceeding. 

7. PHALARJS STAGGERS. 

(Division of Biochemistry and General Nutrition.) 

The cause and prevention of phalaris staggers in sheep 
confined to pastures in which the perennial grass Plwlaris 
111berosa predominates have been studied further at the 
experimental site near Keith. Experiments mentioned in 
previous reports proved that relatively large supplements 
of cobalt. administered once or twice each week, afforded 
complete protection from the malady. Experiments con
ducted during 1955 showed that as li ttle as 0.05 mg. 
eohalt administered each morning and again each evening, 
was equally effective; there is no doubt that the prevention 
of the disease depends upon the maintenance of a minimal 
concentration of cobalt within the rumen. 

It is probable that those rumen microorganisms that 
require cobalt and demand a relatively high concentration 
of cobalt if they arc to flourish within the rumen contents 
are able to destroy neurotoxic substances present in the 
phalaris. Protection of ruminants against the untoward 
consequences of these toxic substances thus presents 
c:3cntinlly the same problems as those entai led in protec
tion of grazing Ilocks and herds against cobalt deficiency. 
The heavy cobalt pills referred to above will undoubtedly 
find ready application in areas where there is a hazard of 
phalaris staggers. 

The application of l lb. cobalt sulphate acre to phalaris
dominant pasture has been shown to raise the cobalt 
concentration in the phalaris to a protective level for 
several months only, so this procedure is not recommended 
as a practical means of control. A further experiment in 
which cobalt sulphate has been applied at the rates of 
2, 4, 8, 16, and l 60 oz./acre has shown that the residual 
effect of even 2 oz./aere is sufficient to raise the cobalt 
concentration in the phalaris to a protective level (0.1 
p.p.m.) for seven weeks but that only the greatest rate 
( t 60 oz./ acre) maintains this concentration at more than 
0.07 p.p.m. after fourteen weeks. 

F.6593/ 56.-4 

11 is possible, therefore, that a relatively light dressing 
ol coba lt sulphate applied annually at the break of the 
season in the autumn. might be sufficient to protect the 
grazing sheep during the critical period in early winter 
wben the phalaris most commonly predominates. But 
these procedures will no doubt be superseded by the 
employment of heavy cobalt pills. These experiments are 
being continued. 

A preliminary experiment has been started a t the 
J,.a lkiner Memorial Field Station, Deniliquin, in collabora-
1ion with officers of the Regional Pastora l Laboratory, to 
determine whether phalaris pastures there may be toxic 
also. 

8. UREA AND NITROOl!NOUS COMPOUNDS AS A SoURCE OF 

NITROGEN FOR RUMEN MICROOOANISMS. 

(Division of Biochemistry and General Nutrition.) 

The possibility that urea or similar simple nitrogenous 
substances might find useful application as substitutes for 
protein supplements for ruminants has been discussed in 
previous Reports. 

Experiments conducted with sheep in pens have shown 
that when the diet contains relatively large quantities of 
simple carbohydraces, an addition of urea stimulates the 
proliferation of microorganisms within the rumen with the 
result that useful quantities of protein are formed and 
wool production is enhanced. 

The economic feasibility of supplementing flocks in this 
way will depend on the efficiency of utilization of the 
nitrogen source. Urea and another related compound, 
clicyandiamide, proved to be toxic and poorly utilized 
when fed under certain conditions as a constituent of 
supplementary mixtures. 

A preliminary experiment was conducted to determine 
whether useful amounts of bacterial protein might be 
produced as the result of adding urea and molasses to 
green fodder which was being ensiled. Chemical anaJysis 
did not reveal any appreciable conversio!l of urea to 
protein. but a slight increase in wool production was 
observed in the few sheep fed for a very limited time on 
the urea-treated silage. A more detailed experiment will 
be needed to confirm this result. 

Another attempt was made to produce bacterial protein 
from urea without subjecting the sheep to the hazards 
which mighi accomp:rny the direct feeding of urea. Dry 
standing pasture was sprayed with a mixture of molasses 
and urea, but the treatment had no beneficial effect on 
body weight or wool production of the animals which 
grazed the pasture. This confirmed the conclusion 
tc11tntive ly drawn from a similar experimcn1 in the previous 
year that such treatment is unlikely to be of benefit to 
sheep. 

9. SALT TOLERANCE OF SHEEP AND POTABILITY OF Sroci. 
' WATERS. 

(Di11ision of Biochemistry and General Nutrition.) 

The first of the series of long-term experimenis to 
determine precisely the t·olerance of sheep to saline waters, 
mentioned in the previous Report, has been completed. 

The experiment which was continued for fifteen moaths 
indicated that water containing 2 per cent. of sodium 
chloride was definitely toxic for sheep on dry fodder, and 
that waicr containing I .5 per cent. sodium chloride was 
slightly toxic; there was some evidence of adaptation to 
the high concentration. Tbe sheep whose drinking water 
contained I per cent. sodium chloride suffered no un
toward effects. None of the treatments had any effect on 
the electrolytes in the blood plasma of any of U1e sheep 
except those receiving 2 per cent. sodium chloride; the 
chloride concentration in the plasma of these animals was 
higher 1han that of any of the other groups. 

The second experiment of the series has now been 
started. Sheep are being offered drinking water containing 
I .3 per cent. sodium chloride or the same to tal electrolyt~ 
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concentration with portion of the sodium chloride replaced 
by an equivalent amount of magnesium chloride, up to 
0.5 per cent. The saline waters have been introduced 
gradually, and some difficulty has been experienced in 
inducing the sheep to accept the higher concentrations of 
magnesium chloride, a oenod of three months havin~ bel'l' 
necessary in some cases. Indications so far are that 0.5 
per cent. magnesium chloride is a toxic concentration. 

The hazards of chronic fluorosis originating from the 
high fluoride concentration of certain artesian waters has 
been mentioned in previous Reports. The experimental 
studies of the toxicity of fluorides present in the drinking 
water of grazing sheep have been continued. The 
deterioration of the teeth of the sheep confined to water 
containing 20 p.p.m. F has again had an adverse effect on 
the animals, both body weight and wool production being 
affected, especially during the dry grazing conditions of 
lnte summer. Deaths during the whole period of the ex
periment among those receiving the high level of fluoride 
have been double those in the control group. However, 
for the fifth successive year there has been no adverse effect 
on reproduction; the numbers of lambs produced in the 
two groups have not been significantly different. 

I 0. METAUOLlSM IN PREGNANT EWES. 

(D ivi!,ion of Animal Health and Production.) 

Pregnancy Toxaemia Investigations (Sheep Biology 
Laboratory) .-Further studies have been made on 
naturally occurring cases of this disease, and on normal 
and fasted pregnant ewes. Attention has been focused on 
the levels of volatile fatty acids, ketones, glucose, and citric 
acid in the blood and tissues, and on the utilization of 
glucose. acetate, glycerol. and oxalacetic acid. 

11 . DROUGHT F EEDING AND ALLIED PROBLEMS. 

(Division of Animal Health and Production.) 

Drought feeding experiments with sheep have been con
tinued by the staff of the McMaster Laboratory, in colla
boration with the New South Wales Department of Agri
culture at the Veterinary Research Station, Glenfield. 
Financial support was again provided by the New South 
Wales Oraziers' Association from the Burdekin Bequest 
Fund. 

(a) Utiliwtion of Low-quality Roughage by Merino 
Wethers.- The experiments were designed to compare the 
value of supplements which provided additional energy 
intakes or additionlll protein to sheep with free access to 
oaten straw containing 3.4 per cent. crude protein. Sup
plements providing additional protein gave the better re
sults, but the experiments were marred by heavy and 
continued rain. More exact studies will be made under 
laboratory conditions. 

(b) The Efficiency of Absorption and UtiliZ11tion of 
Vitamin A A dministered as the Oil, the Emulsion, or the 
Water-miscible S11spe11sio11.-A carefulJy planned experi
ment revealed no difference in efficiency due to the form 
in which vitamin A was administered. T wo weeks after 
treatment, vitamin A storage in the liver of previously 
deficient sheep was I 2.9 per cent. of the quantity adminis
tered; after 22 weeks, it had fallen to 2.6 per cent. The 
mean plasma vitamin A level of weaners and ewes which 
developed night blindness was 9.4 ± 3.99 i.u. per ml. 

12. TOXJCITY OP LARGE RATIONS OF WHEAT. 

(Division of Animal Health and Production.) 

This investigation has been continued at the Animal 
H ealth Resenrch Laboratory, Melbourne. Particular atten
tion was given to the role of the spleen in relation to the 
characteristic hacmoconcentration observed in this disease. 
~vidence was obtained that the spleen begins to discharge 
its stored red cells into the circulation about 6 hours 
after heavy wheat intake, and that the process is completed 
after a further 6 hours; up to this s tage, during which 
a progressive decrease of plasma volume is occurring, 

blood volume may not increase; but, thereafter, as plasma 
volume continues to decrease, blood volume correspond· 
ingly falls. Attention was given also to the possible role 
of histamine in the condition; it was found that 300 p.g 
histamine given intravenously produces extreme increases 
of red cell count, which are explained to only a very small 
extent by plasma water shifts; however, since histamine 
was without effect upon the perfused isolated spleen, it is 
assumed tha t the action in the intact animal is indirect, 
probably by release of catechol amines from the adrenal 

"glands. 
Work on the toxic factor in the non-dialysable fraction 

of the ruminal Auid of wheat-gorged sheep indicates that 
it withstood autoclaving at 10 lb. wt. for 20 minutes, and 
that its effect upon sheep was not inhibited by previous 
treatment with the antihistamine agent" Anthisan ";it was 
without effect upon the isolated guinea pig ileum, but 
caused the perfused sheep spleen to contract. Sheep could 
be rendered tolerant of it by several injections of subletbal 
amounts at short intervals, but since establishment of this 
state of tachyphylaxis had no observable effect upon the 
course of the illness after wheat gorging, no support was 
gained for the suggestion that absorption of this toxic 
material from the bowel might play a part in the condition. 
Several strains of amylolytic streptococci and lactobacilli 
were examined, but no non-dialysable toxic factor could 
be demonstrated in cultures. 

Since the necessary operative procedures on sheep in 
this work are carried out under barbiturate (" Nembutal ") 
anaesthesia. a study was made on the value of a barbiturate 
antagonist " IVfegimide ", and of the respiratory stimulant 
" Daptazole ", in curtailing anaesthesia and in saving the 
lives of sbeep poisoned by excessive "Nembutal". This 
has been published. 

13. lNFERTll..ITY AND PHYSIOLOGY OP REPRODUCTION. 

(Division of Animal Health and Production.) 

(o) £Deer 'Of Reversed Seasonal Lighting on Pregnancy 
in Merino Ewes (University of Queensland).-The birth 
weight o( Peppin strain Merino lambs was unaffected by 
exposing the pregnant ewes to summer level of lighting 
during a winter pregnancy. 

(b) Induction of Heat in Spayed Merino Ewes with 
Stilboestrol.- Iojcctions of 2 mg stilboestrol were con
tinued at fortnightly intervals in 24 spayed Merino ewes. 
lnitiaUy, all ewes exhibited oestrus following injection. The 
response declined progressively, and, after the 13th con
secutive injection, none responded. In continuation of the 
experiment. progesterone was given for several days before 
stilboestrol, at intervals of a fortnight; a high proportion 
of ewes responded immediately, and continued to do so on 
thirteen consecutive occasions. Observations are now 
being made lo determine the sensitivity of "Merino ewes to 
oestradiol hcnzo:ite when it is given alone, and when it is 
preceded by progesterone. 

(c) Mating and Its Outcome in the Fie/d.-Field work 
with five Merino flocks in the Western District of Victoria 
was brought to completion with data on weight changes 
in the bmbs to twelve months of age. When feed dried 
off in the summer, the lambs and weaners on four of the 
five properties ceased to increase in weight, regardless of 
their age at the time. They did not commence to increase 
in weight again until green feed appeared in the autumn. 

Observations on Jambing were continued for a second 
year in sample groups from a Corriedale flock, in which 
half the ewes were joined in December and half in May. 
l a each group, approximately the same proportion of 
lambs died before marking. Again, substantially better 
results were obtail1ed from the May mating; the reason 
on this occasion being the lambing of a higher proportion 
of the ewes joined in May. 

(d) Effects of High Temperature on Pregnancy in 
M erino Ewes ( Uni11ersity of Queensland) .-Although 
pregnancy is much more vulnerable to beat in Romney 



Marsh than in Peppin strain Merino ewes, the latter 
suffered reduced birth weight of lambs when subjected to 
severe heat. 

(e) Double Joining of Ewes (Regional Pastoral 
Laboratory, Armidale) .-In some areas, graziers practice 
" double joining " of ewes when seasonal conditions are 
good and they are desirous of increasing flock numbers 
quickly. Ewes apparently not in lamb at the commence
ment of lambing are removed from the flock and remated. 

To obtain information on the applicability of this hus
bandry practice to fine-wool Merino ewes under New 
England conditions, l 00 dry ewes were mated between 
26th September and 28th November, 1955. The first 
date is that of the normal commencement of lambing. 
Oi the 100 ewes, 71 exhibited oestrus as indicated by 
marking by raddled rams. Forty-five ewes lambed, and 
one other ewe which died, subsequently to mating, was 
pregnant. 

(f) Physiology of the Foetal and Neonatal Lamb 
(Sheep Biology Laboratory) .- (i) Effect of Fasting on 
Newborn Lambs.-Lambs fasted from birth under 
standard conditions became comatose and developed 
characteristic symptoms within 16 to 65 hours. During 
fasting, blood sugar levels fell from about 80 mg./ 100 ml. 
to about 10 mg./100 ml. and rectal temperatures fell from 
about 103° F. to less than 95° F. Rate of excretion of 
nitrogen in the urine remained relatively constant at 30-40 
mg. per hour. Livers of comatose lambs contained only 
traces of glycogen as compared with about 4 per cent. 
(g./ 100 g. wet weight) in lambs soon after birth. The 
magnitude of these changes was independent of birth 
weight or nutritional treatment of the ewe, but the time 
taken for them to occur depended more upon birth weight 
than upon the plane of nutrition, apart from its effect on 
birth weight. 

(ii) Temperature Regulation of N ewborn Lambs.
Lambs from ewes severely underfed during the last six 
weeks of pregnancy appeared to be less able to resist the 
cooling clue to evaporation of fluid in the coat than did 
lambs from well-fed ewes. 

(g) Lactation in Merino Ewes (Animal Health Labora
tory, Melbourne) .-At parturition, a thick, sticky, and 
opaque secretion was found in the udder in many ewes 
which had been on a low plane of nutrition for two, three, 
or six weeks. Within 24 hours, in most instances, this 
secretion changed to one of the type normally called 
"colostrum ". The latter type of secretion was present in 
the udder at parturition in other ewes on a low plane of 
nutrition and in ewes which had been on an intermediate 
or a high plane of nutrition. 

Jn further studies of hand milking, following the 
administration of posterior pituitary extract as a method 

·of estimating milk yield in Merino ewes, it was found 
that estimates were unaffected by the time of day at which 
tests were made and that the administration of posterior 
pituitary extract early in lactation did not influence milk 
yield later. 

(h) Effect of Husbandry Practices on Lamb Mortality 
(Regional Pastoral Laboratory, Annidale) .-Observations 
on the incidence of lamb deaths between birth and mark
ing, under different s~stems of lambing husbandry, were 
continued at Armidnlc in 1955. The systems compared 
were modified paddock lanibing; station paddock lambing; 
unattended paddock lambing and later lambing " off 
shears " and " in wool ". Details of these methods were 
given in reports for 1953 and 1954. 

The results of three years' observations do not indicate 
the possibility of effecting any consistent reduction in 
Jamb losses by the use of the modified paddock system of 
lambing husbandry. 

Observations in the lambmg "off shears" versus "in 
wool " experiment now extend over a period of four 
years. In three of these, lamb losses have been lower 
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in the former group. However, over the four-year period, 
the total difference in lamb losses between these two 
methods of management was only 3 per cent., which is 
not significant. 

14. BREEDING AND GENBTlCAL ST UDIES. 

(Division of Animal Health and Production.) 

(a) Inbred Flocks of Australian Merinos (McMaster 
Field Station) .-Inbreeding in this experiment appears to 
have had the following effects. No effect has been 
observed on density of fibre population. There appears to 
be a slight decline in fibre diameter at levels of inbreeding 
of 0.25 and over. There is an apparent increase in staple 
length at levels of inbreeding of 0.25 and above. Level 
of inbreeding has bad no apparent effect on yield. Clean 
fleece weight declines with inbreeding; the decline is con
siderable at levels of 0.25 and above. 

(b) Hornedness in Sheep ("Gilruth Plains", Cunna
mulla).-Further test matings have been made so that a 
choice can be made between two hypotheses on the 
inheritance of hornedness and polledness in the Merino. 
A progress report on this work has been submitted for 
publication. 

(c) Strains of Merino Sheep in Several Environments. 
- Analyses of data have been continued and have resulted 
in the tentative conclusion that strain x location inter
actions, though real, are too small and too variable from 
season to season to be important in deciding on the class of 
sheep to be run in a given area. An exception appears to 
be a real adaptation of the fine non-Peppin strain to the 
tableland environment at Armidale and its relatively poor 
fitness in the two western environments at Cunnamulla 
and Deniliquin. 

(d) Project ABI (McMaster Laboratory and "Gil
nuh Plains ", Cunnamulla) .-The sheep-breeding project 
known as ABl is in two parts. ln one part, sires a re 
selected in two ways: (i) on performance of half-sibs 
plus individual performance, and (ii) on individual per
formance alone. The criterion for selection is clean wool 
weight per head, with the restriction that an animal (ewe 
or ram) is rejected if its wrinkling score is above a pre
determined value, or if its fibre diameter exceeds by more 
than one standard deviation the mean value of an un
selected control group which is run with the selection 
groups. 

With the high heritability estimates, which have been 
found for all characters associated with wool production, 
the prediction is that there will be very little difference 
between the two methods of sire selection. This bas proved 
to be the case so far; there has been response to selection 
of the same order for both methods. 

The second part of the trial consists of eight pairs of 
groups, in which selection is for high or low values of a 
single character. Three pairs of groups have been in 
existence for some lime; in these. selection is for body 
weight, ·fibre number, and staple length . There has been 
marked response to selection in both directions. One 
interesting observation is that selection for fibre number 
has led to changes in both primary follicle count and the 
ratio of secondary to primary follicles. The importance 
of the two source,s of change in relation to fleece weight 
will be further investigated. 

Resu11s on the first progeny in five new pairs of selection 
groups became available this year. the characters under 
selection being clean wool weight. wrinkling score. fibre 
diameter, wool weight per unit area. and per cent. clean
scoured yield. Tn all cases, there were marked responses 
to selection in either direction. 

( e) Relation between Wool Prices and the Characteris
tics of Wool (Sheep Biology Laboratory).-Further 
analyses of the relation of prices p~id for Merino wool to 
the v:irious characteristics of wool have been carried out. 
These have confirmed the earlier conclusions that count 
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(quality number) is of outstandjng importance as a 
determinant of price, wbile colour and l.cngtb bav~ real, 
though smaller effects. Of the other allnbutes considered 
(diameter, crimps, handle, character, and s<;>und~ess), .au 
but soundness had appreciable direct relallonsh1ps. w1tb 
price in the wools examined, when each was considered 
alone. However, when considered jointly with counl. 
colour, and lenglh, none of the above five traits bad 
important joint effects on the pr~diction of price .. Count, 
diameter, and crimps all have high correlations with each 
other, so that each should have nn important effect on 
price, were the other two not considered. 

(/) The Assessment of Clean Scoured Yield by Sub
jective Methods.-Clean fleece weight is an import~nt 
crilerion in selection programmes and a procedure which 
may be useful fo.- its estimation by visual and tactile 
methods has been developed. This was tested by using 
observers with no previous experience in yield assessment. 
Ability to predict yield was generally good except in 
the case of a few unusual samples in which yield was 
considerably underestimated. The mean deviation of the 
yields assessed by each observer from the actual yields 
ranged from zero to -4.0 per cent. These mean differences 
have a standard deviation of about 4 per cent. A paper 
describing this work has been prep:ired for publication. 

15. GENETICS OF SHEEP. 

(Anima l Genetics Section.) 
Analysis of data collected by Dr. Carter has shown 

much about the detailed relalionsbip of density of fibres 
am.l their diameter and genetic rind environmental faclors 
influencing both characters. By using covariance analyses 
much information relating to the ratio of primary and 
secondary fibres and the density of both has been revealed. 
At first sight genetic variation of primary density appeared 
slight and most variation in overall den<;ity of fibres 
could be attributed to variation in ratio. Covariance 
analysis reveals that primary density is variable, however, 
witb quite a hlgh heritability. Experiments have been 
stnrted at Dickson Research Station to produce in the 
ft rst instance an increase in ratio and later in density of 
primaries. When strains differing in these characters 
have been produced they will be examined to determine 
the relationship between follicle group size (ratio) and 
fleece production. A study of the spatial relationship in 
a developing fol1icle population is nearing completion. 
Studies of sheep mozaic for fleece type have s!iown so far 
that variation of follicle density and total cross-sectional 
area of fibre per unit area of skin are independent, that 
in areas of low density total wool production is greater. 
and that the relation of length to diameter is in some 
way connected with cletermim1tion o( follicle density 
and total cross-sectional area. 

I 6. BIOLOGICAL STUDIES OF SKJN AND WoOL GROWTH. 

(Division of Animal Health and Production.) 

(a) Endocrinology of Wool Growth (Sheep Biology 
Laboratory) .-(i) Wool Growth and the Anterior 
Pit11itary Gland.- Work bas continued on the identifica
tion :ind testing of t11e anterior pituitary hormones 
necessary for normal wool growth. 

Severn! fractions of the hormones from the sheep 
pituitary gland have been labelled with radioactive iodine 
(l31J) in an altempl to improve lhc detection of these 
proteins on paper electrophoretic strips. Several radio
active bands have been delecled hy autorndiography. in 
addition to the bands produced by protein stains. Tbe 
source of these extra bands is being investigated. 

(ii) Wool Growth and the Adrenal Cortex.-It bas been 
shown that the anterior pituitary gland exerts an inhibiting 
influence on wool growth mediated via the secretion of 
adrenocorticotrophic hormone (A.C.T.H .) acting on the 
adrenal cortex. 

Injections of A.C.T.H. suppress wool growth almost 
completely, and when given over a short penod, cause a 
break in the lleece similar to natural break. 

Methods are being developed for the measurement of 
the concentration of adrenal cortical steroids in the blood, 
in an attempt to assess the significance of the adrenal 
cortex in determining the productive capacity of sheep for 
wool growth. 

(b) Experimental Histology of Skin and Hair.-(i) 
Developmem of Wool Follicles in Tissue Culture.
Further observations have been made on the development 
of wool follicles of different types which have been grown 
in tissue culture. In skin from an 80-Jay foetus, primary 
wool follicles, which were at an early stage of develop
ment. produced keratinized wool fibres at a sligbliy faster 
rate than in the foetus in utero, but secondary follicles 
did not form. Sebaceous glands were formed and sudori
ferous glands underwent normnl differentiation. The 
primary follicles in expl:ints from a 98-day foetus pro
duced many large wool fibres, but development was slower 
than in the foetus. There was some evidence for the 
formation of new secondary follicles in vitro. There was 
little or no development in the wool follicles in skin 
from a 125-day foetus. 

(ii) Proposed Terminology for Wool Follicles.-A 
unified system of terms and symbols for wool follicles in 
sheep has been proposed. Tt provides for a recent 
contribution to the study of wool follicle development, 
namely, the t!istinction between original secondary follicles 
which arise directly from the epidermis, and derived 
secondary follicles which arise from them by branching. 

(iii) The Development of the Epidermis and Hair 
Canals in the Merino Foetus.-A histological study has 
been m:ide of the development of the epidermis and hair 
canals in Merino foetuses ranging in age from 69 days 
lo birlh. 

(iv) Tiu: Developmem of Marsupial Skin and Hair.
Observations have been continued on the development of 
skin and hair in the brush possum (Trichosurus vulpecula) 
nnd the bandicoot (Perameles na.mta). A breeding 
colony of the brush possum has now been established for 
studying many of the problems of skia biology. Observa
tions on the growth of brush possums and bandicoots in 
captivity are continuing. 

Bandicoots arc born before the first appearance of 
pelage hair follicles and it has been possible to remove 
skin samples at intervals throughout the animal's entire 
development withln the pouch and later growth. On the 
mid-side region, the first hair follicles appear about eleven 
days after birth and the first hairs emerge on this region 
at about the 40th day of age. Hair growth is cyclic. 
Before the end of each hair growth cycle, a new genera
tion of follicles arises by branching from most of the 
existing follicles. T his method of hair replacement has 
not been previously described in any mammals. 

(c) Swdies of Skin and Fleece Development. Effects 
of Early Nutrition.-Earlier observations on the effects of 
prenatal nutrition of the ewe on the birth weight of lambs 
and the development of the skin follicles at birth have 
been confirmed. 

A low plane of nutrition to four months of age was 
observed Lo have a marked effect on the maturation of 
secondary follicles at that age-only 35 per cent. of 
foUiclcs had come to maturity- whereas in animals on a 
high plane of nutrition, some 80 per cent. of follicles were 
mature. 

At four months of age, all animals were transferred to 
a high plane of nutrition. The Jambs which were initially 
" low " showed considerable recovery, and by eight 
months, had matured approximately 70 per cent. of 
follicles, while the lambs which were irutially "high" had 
matured between 85 and 90 per cent. of follicles. The 

j 
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histological observations are continuing, and when the 
lambs are twelve months old, detailed wool production 
studies will commence. 

(d) Fleece Structure and Wool Production. (i) Mosaic 
Sheep.-Detailed comparative studies of the fleeces of ten 
mosaic sheep have indicated that, at a given nutritional 
level, wool production per unit area is the result of the 
interactions of fibre number, fibre length, and fibre 
diameter, and the interrelationship of length and diameter. 
From these observations, it is apparent that tbe relation
ship of fibre number to unit area wool production varies 
with1nutritional level and that there are density-dependent 
and density-independent components. 

Detailed histological studies of the skin and wool of 
mosaic and mutant fleece types are in progress to identify 
the factors responsible for differing follicle productivity. 
This work is being done in collaboration with the Animal 
Genetics Section. 

The antigenic relationships of normal and mosaic 
regions of the skin are being investigated. 

( ii) Birth Coat Studies.-fnvestigations of the relation
ship of birth coat grade to adult fleece characters have 
shown that increasing coarseness of the birth coat is asso
ciated with increasing variability of fibre diameter in the 
adult fleece. T his increased variability results primarily 
from an increased diameter of fibres in primary follicles. 

(e) Experimental Manipulation of Skin. (i) Skin 
Transplantation.-The technique of autotraosplantation of 
skin bas been used to study the effect of marked changes 
of fibre density on fleece structure and wool production 
in Jambs and adult sheep. 

(i i) Surgical Stretching of Skin.-A technique has been 
developed to decrease follicle number per unit area as a 
method for studying the relationship of number to unit 
area of wool production. 

(iii) Skin Grafting in Mice.-The genetics of skin 
graft incompatibility are being studied in mice by using 
mutant markers and backcrossing to A-strain inbred mice. 
Preliminary evidence shows that the inheritance of incom
patibility is different for primary and secondary challenges. 
This result is unexpected on the basis of the accepted 
immune response theory of skin homograft incompatibility. 

The autonomy of hair growth cycles is being studied in 
Naked mice. lt has been found that the stage of hair 
growth at transplantation influences the autonomy of the 
hair growth cycle of transplanted skin. 

Dose-time responses of homograft reactions and the 
effect of conditioning with skin extracts are being studied, 
(These studies are being made in collaboration with the 
Animal Genetics Section.) ' 

(f) Methods of Determining Fibre Population Density. 
- Fibre population density is well recognized as an 
important trait in the selection of wool producing sheep. 
In the determination of density, two methods, the "cast" 
method and the " trephine " method, are used. In the 
first procedure, the estimation is made from a wool sample 
clipped from an area of skin; in the second, wool follicles 
are counted in a histological preparation of a sample of 
skin. -

An experiment was carried out to compare and relate 
the densities obtained by these methods. It was found 
that when the areas of skin concerned were determined 
in a relaxed condition, the density obtained by the cast 
method was 40 per cent. greater than that obtained by the 
trcphine method; but, when these areas were determined 
in a taut condition, the results were similar. The accuracy 
of the methods was similar when conditions of skin tension 
at sampling were the same, bl1t more repeatable results 
were obtained by sampling with the skin in a taut condi
tion. When skin samples are taken from relaxed skin more 
repeatable results are obtained if no correction is made 
for shrinkage of the skin sample. Although there may be 
differences between strains of sheep in elasticity of the 

skin, this was not important in the taut skin technique 
of sampling. A paper embodying these results bas been 
prepared for publication. 

(g) Feed Intake and Wool Growth of Grazing Sheep.-
Differences between strains of Merino sheep grazing 
natural pasture at Prospect have been examined on the 
basis of differences between body weight, levels of wool 
production, and weight and chemical composition of 
faeces. Studies on fine-wooled and strong-wooled strains 
suggest that: (i) the intake of nitrogen is proportional to 
body weight; (ii) the fine-wooled strain is the less selective 
under these experimental conditions; and (iii) the strong
wooled strain is 15-20 per cent. more efficient than the 
fine-wooled strain in converting feed nitrogen into wool. 

Digestibility studies with a ration, consisting of equal 
parts Juceme chaff and wheaten chaff, have indicated that 
both strains have similar digestive efficiencies. 

(h) The Efficiency of Wool Growth.-Experimental 
observ,ations of the wool growth of sbeep fed at different 
levels show that the efficiency of conversion of food protein 
into wool falls with increasing protein intake. The effi
ciency of utilization of food protein for wool growth of 
sheep fed at maintenance levels is considerably greater 
than the efficiency of sheep fed ad lib. 

These results suggest that restricted grazing of improved 
pastures by a greater number of sheep allowed to graze for 
r1 limited time could lead to greater wool production per 
acre. Similar results could not be expected from over
stocking, because this would lead to the depression of 
pasture growth. 

It has been found that the food intake of sheep fed 
ad lib. in peas is closely proportional to body weight. 
Wool growth per unit body weight may therefore prove to 
be a better measure for purposes of selection than wool 
growth per head. 

D etailed experiments have been commenced to deter
mine those stages in the process of conversion of feed 
nitrogen to wool where differences in efficiency between 
individual sheep occur. 

17. SHEEP DISEASES. 

(Division of Animal Health and Production.) 

(a) "Toxaemic Jaundice" of Sheep (Animal Health 
Laboratory, Melbourne).-This investigation has been 
resolved into the study of the two diseases, chronic copper 
poisoning and heliotrope poisoning. Laboratory studies 
have constituted the major part of the programme during 
the year and are summarized under the following 
headiogs-

(i) Chronic Copper Poisoning.- Following the earlier 
demonstrations that molybdenum in the diet of the sheep • 
was an important factor in the limitation of copper 
retention, but that this limitation was effective only when 
the djet also contained adequate amounts of inorganic 
sulphate, the work has been directed towards the elucida
tion of the mechanism of this interaction. Only limited 
progress has been made, but it is apparent that excretion 
of free sulphate through the kidney is an essential factor. 
High protein diets, which like high inorganic sulphate 
intake, raise the excretion of free sulphate in the urine, 
will limit copper retention when the diet contains 
molybdenum. 

Other inorganic components of the diet which may 
interfere with the copper/molybdenum/sulphate inter
act ion are being investigated. 

(ii) Heliotrope Poisoning.-Studies have been concen
trated on .the acute and chonic toxicological and patho· 
logical effects following administration to rats of the pure 
alkaloids isolated from H. europaeum. It has been shown 
that the same histopathological picture, as seen in sheep 
dying under grazing conditions, can be reproduced in rats. 
These investigations are being continued. 
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(b) Copper Metabolism Studies 011 Sheep in Wes1em 
Australia (Deparm1ent of Agriculture, Perth) .- The 
copper content of herbage samples from the Wiluna area. 
although still relatively high, was Iowe; than in samples 
collected in 1953; this may have been related to the higher 
rainfall of 1955. Liver samples from sheep bad a lower 
copper value than some collected in 1954; nevertheless, 
one sample contained 1900 p.p.m., and was histologically 
abnormal. An outstanding feature of the Wiluna herbage 
is the high manganese content. 

(c) Sheath Rot in Sheep (Regional Pastoral Laboratory, 
Armidale, New South Wales).-Field studies have been 
commenced at Armidalc. The incidence of tbe disease 
is being surveyed in relation to pasture and soil types 
and a critical evaluation is being made of surgical and 
olher possible means of prevention and cure. 

(d) Mycotic Dermatitis (McMaster Laboratory).
Laboratory tests were carried out to see whether any of the 
common dipping agents were bactericidal for Nocardia 
dermato110111us. It was found that 0.1 per cent. diazinon 
inhibited growth, and 0.01 per cent. greatly retarded 
growth. Arsenious oxi c.le at a concentration of 0.01 per 
cent. and 0.001 per cent. completely inhibited growth. A 
field trial with new-born lambs is about to be commenced, 
to investigate whether either of these agents would be au 
improvement on I / 500 copper sulphate. 

Experiments last year indicated that the resistance of 
older animals to infection with this organism was not 
associated with an antibody response. A study bas been 
initiated on the inhibitory effect of wool fats on the growth 
of the organism. It was found that growth of the organism 
was inhibited by capric, myristic, and !auric acids. 
Undecylcnic aciu was also found to be inhibitory. An 
ether extract of the fleece of a sheep resistant to 
artificial infestation inhibited growth of N. dennatoriomus 
at a concentration of 0.25 per cent.· 

(e) Footrot.-Further work has been done on the treat
ment of this condition. The intravenous administration 
of cbloromycetin failed to cure eight of twelve affected 
feet after paring. In a limited trial on the curative effect 
of the oral administration of chloromycetin, tl1e results 
were inconclusive. Four sheep. with a total of nine 
affected feet, were pared and foot-bathed weekly in 5 per 
cent. formalin. After four treatments, all feet were 
apparently cured. but three weeks later, one sheep relapsed 
in three of four affected feet. It is not always easy to 
decide whether sheep have been cured by formalin soon 
after treatment. A commercial colloidal sulphur prepara
tion was tested on ten affected feet. A total of seven feet 
were cured, after three treatments. 

Fusiformis nodosus was found to be sensitive to terramy
cin, but not to polymixin B. sulphate. Preliminary 

,.aboratory trials with terramycin were promising, and field 
trials indicated that it is at least as efficient as chloro
mycetin, but its instability in alcohol presents some practL
cal difficulties. 

The cultural requirements of F. nodos11s are being 
studied with a view to investigating the pathogenesis of the 
disease and the antigenicity of the organism. It has been 
found that urea extraction of prekerntin from the sheep's 
hoof, and subsequent digestion, yields a product capable 
of supporting the growth of F. nodo.rns. 

(/) Foot Abscess.- The sensitivity of three strains ot 
F11sifonnis 11ecrophorus was tested against chloromycetin, 
te~r?mycin, aureomycin, penicillin, streptomycin, poly
muon B. sulphate, and sulphamezathine. Chloromycetin 
was fou~d to exer~ .r~e greatest inhibtion, followed by 
terramycm and pen1c11lm. The results of :field trials with 
chloromycetin, penicillin, and sulphamezathine were 
disappointing except in early cases. 

(g) Brncellosis of S~e~p (Animal Health Laboratory, 
Melbourne).-As a. prehmmary to the study of the general 
pathology of the disease, serological methods of diagnosis. 

are being investigated. Complement fixation tests have 
proved to be of value in indicating that infection has 
occurred, but variations in antibody titres are too small 
to serve as a guide to the course or extent of infection. 
Various agglutination techniques have failed to give satis
faction; other serological methods are being tried. Selective 
culture media for the isolation of the causal organism from 
heavily contaminated material have been tested and the 
results are encouraging. 

(h) Fleece-rot (McMaster Laboratory) .-A diph
theroid o rganism was isolated, sometimes in pure culture, 
from the dermatitis associated with lleece-rot. This organ
ism in the presence of moisture consistently caused a 
dermatitLs, while Pseudomonas aeruginosa produced the 
green discoloration of the fleece, but no dermatitis. The 
two organisms together produced a severe dermatitis and 
discoloration of the lleece. The inhibitory effect of the com
mo:i dipping agents on the growth of the diphtheroid 
organism was tested. It was found that dieldrin was the 
most effective and inhibited the growth of the organism 
at a concentration of 0.01 per cent. A field trial is in 
progress to test the value of treatment with dieldrin to 
control the development of fleece-rot. 

(i) Mortalities O/j-shears.-An investigation bas been 
commenced of the fundamental cause of death in sheep 
on exposure off-shears. Pilot experiments have confirmed 
the general experience that wind and rain are more dan
gerous than cold. 

18. INTERNAL PARASITES. 

(Division of Animal Health and Production.) 

(a) Studies on Anthelmintics (McMaster Laboratory). 
- (i) Phenothiazine;- To test the value of repeated doses 
of phenothiazine for suppressing egg laying by nematode 
worms, and consequently reducing contamination of pas
mres, groups of sheep were treated with 3 g. phenothiazine 
every second day, 5 g. twice weekly, or 10 g. weekly. 
All treatments reduced egg counts to low levels, but most 
faecal cultures yielded a few Trichostrongylus spp. 
larvae. Five sheep run in a 1-acre paddock were given 
free access to a 1: 15 phenothiazine-salt mixture. Over 
sixteen weeks, the average daily consumption was 9.9 g. 
per sheep equivalent to approximately 0.6 g. phenothia
zine. Four of the sheep developed medium to heavy 
infestations with Haemonclws contort/ls. 

(ii) Phenothiazine Derivatives.-A phenothiazine sub
stituted compound, 2-cbloro-7-methoxyphenothiazine, 
which was very effective against Aspicularis and Syphacia 
infestations in mice, failed to show similar effects in sheep. 
Tests on sheep will be repeated after the compound bas 
been ground to a fine particle size. 

In trials against oxyurids in mice, the addition of ribo
flavin to phenothiazine or to 2-chloro-7-metboxypheno
thiazine, or of ascorbic acid or nicotinamide to the latter, 
did not affect anthelmintic activity. Phenothiazine and 
3-methoxy-6-chlorophenothiazine were effective, but 2, 
8, and 3, 7-dichlorophenothiazine and 2-chloro-phenothia
zine were ineffective. This work is being carried out in 
co-operation with the Department of Organic Chemistry 
of the University of Sydney. 

(iii) Piperazine Compounds.-The complex, pipera
zine-1-carboditbioic betaine, showed variable aod generally 
poor anthelmintic etl'ects against T. colubrijormis even 
when delivered into the abomasum. Doses exceeding 15 
g. may be toxic. Pipernzine adipate in 4-g. doses was 
effe~tive against Oesophagos1om11m columbianum, but not 
agamst H. c:ontortus. Even 20-g. doses into the aboma
sum were ineffective against T. colubriformis. The follow
ing were ineffective against tbe oxyurids of mice: 
N-methoxyethyl-piperazioe dihydrochloride· N N-dimeth
oxyeth~l-pip~razine dihydrochloride; N'.N-bishyd.roxy
ethyl~p1perazme, .1Y-hydroxyethyl-piperazine dihydro
c~lond7. T~e add1t1on of diketo-piperazine or alloxan to 
p1perazme diacetate did not affect anthelmintic activity. 
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(iv) 1: 8-Dihydroxya11t!traqui11011e.-This compound 
was used in a field trial in Western Australia to control 
selectively Chabertia ovina. ln the sheep treated monthly, 
the number of C. ovina eggs never exceeded 1.5 per g., 
but reached 414 and 221 in sheep treated monthly with 
copper sulphate-nicotine sulphate and untreated controls 
respectively. 

(v) Hexachlorethane-phenothiazine Mixture.-Previous 
trials bad shown that hexacblorethane alone had little 
effect on T. colubriformis. Further trials with 10- and 
15-g. doses confirmed these results. A mixture of 5 g. 
hexachlorethane with 1 O g. phenothiazine, injected into 
the rumen, was not effective in any of three sheep. When 
the dose was increased to 10 g. hexachlorethane, two of 
four sheep showed reductions in egg counts, and when in
creased to 15 g., four of seven sheep showed reductions. 
The dose of phenothiazine remained at 10 g. throughout 
because 15 g. of this compound usually shows marked 
anthelmintic effects against T. colubriformis. These pre
liminary trials suggest that there may be some additive 
effects with these two compounds. 

(vi) Lead Arsenate.-Further trials with lead arsenate 
did not confirm earlier results which suggested that it may 
be very effective against H. con.tor/us when injected into 
the rumen. Doses of 1-3 g. were effective in only three 
of twelve sheep. The higher dose rate caused loss of 
appetite and diarrhoea. 

(vii) Other Anthelmintics.- Doses of 5 and 10 g. of 
2-mercaptobenztbiazole or 6-nitro-mercaptobenzthiazolc 
were not effective against Fascia/a hepatica. 

(viii) Oesophageal Reflex.- Phenothiazine is a useful 
indicator for the destination of a drench swallowed by 
sheep and has been used to compare the effects of 
drenching techniques. The dye appears in the urine 
within 30 min. when swallowed into the abomasum, but 
not until 120 min. when swallowed into the rumen. 

Electrical stimulation of the pharyngeal mucosa did not 
influence the oesophageal groove reflex. Some sheep 
showed immediate but transient mechanical stimulus when 
the nozzle of the drenching apparatus was placed in the 
mouth, followed by a strong and prolonged response when 
copper sulphate solution was squirted from the nozzle. 

(ix) In Vitro Screening Teclz11ique.- Observations are 
being made to test the possibility of: using the " inner 
tube" technique of culturing faeces to give an in vitro 
screening test for possible anthelmintics. 

(b) Control of Fascio/iasis.- Tbe ecology of the inter
mediate host Simlimnaea subaquatalis is being studied. 
It was observed to commence breeding in August in 
habitats on the central and southern tableland regions of 
New South Wales, and in artificial habitats at the labora
tory. Habitats at Oberon sprayed with copper pento
chlorphenate in July were free of snails to mid-September. 
Spraying of four centres on the Central and Southern 
Tablelands in September-October gave very high initial 
kills of snails, but repopulation was rapid within three 
months. Spraying with a 1 per cent. solution of copper 
sulphate also gave a high initial kill, but was followed by 
rapid repopulation. S. subaquatalis were observed to die 
on one area in the late spring, while Bullinus spp. in the 
same habitat were unaffected. A report of liver fluke in
festation in sheep in the County of Cumberland led to 
the first discovery of S. subaquatalis in this area. 

(c) Epidemiology.- (i) Field Observations in Western 
Australia and Tasmania (McMaster Laboratory) .-At the 
"Glen Lossie " Field Station, Kojonup, Western Australia 
(Division of Plant Industry, C.S.I.R.O.) , a separate group 
of Iambs from about eight weeks of age onwards was 
given a challenge dose of 30,000 T. colubriformis larvae 
each month. The infestations developed in all groups 
until the lambs were eight to nine months. when they 
appeared to develop resistance. Unusual heavy summer 
rains made conditions abnormal. 

Al Tarwongup, 85 per cent. of fleeces from undrenched 
sheep showed a break in the wool, 72 per cent. of fleeces 
from sheep drenched monthJy with copper sulphate-nico
tine sulphate were affected similarly, as were 50 per cenc. 
of the fleeces from sheep drenched with 1: 8-dibydroxyan
tbraquinone, which selectively controls Chabertia ovina. 
The groups cut 9.25, 9.7, and 10.6 lb. wool per head, 
respectively. 

At Bridgetown, the worm burdens of autumn lambs 
increased from August to September and rose sharply in 
November. Tric!tostrongylus spp. increased in May-June. 
H. conlortus did not increase here in autumn-dropped 
lambs during their second spring. At Beverley, infesta
tions were very light throughout the year. 

Further studies of the development of natural resistance 
to T. coluhriformis are being made at Cressy, Tasmania 
(Tasmanian Department of Agriculture). Naturally 
acquired infestation rose during January-February. Lambs 
given 8,000 larvae at eight weeks of age, and those given 
J0,000 brvae at nine weeks, appeared to resist infestation, 
but those dosed with larvae in October, November, 
December, and January did not resist natural infestation. 

(ii) Field Observations on Irrigated Pasture.-At 
Falkiuer Memorial Field Station, Deniliquin, New South 
Wales (Division of Plant Jndustry, C.S.I.R.0.), two 
groups each of twenty weaners were run together on 
a.rrigated pastures. One group was not drenched and the 
other was drenched. every second month, with phenothia
zine. A third group, run separately, bad access to a 
phenothiazine-salt mixture. From September, J 955, to 
February, 1956. average weight gains per head for the 
three groups in order mentioned were 11.l , 10.5, and 
11.7 kg. respectively. Worm infestations were low 
throughout. 

(iii) Larval Pop11latio11s 011 So1vn and Na tive Pastures 
(Regional Pastoral Laboratory. Armidale) .-At Armidale, 
the measurement of larval populations on sown and uative 
pastures, using a direct recovery technique, was terminated 
in November, 1955. Worm-free lambs are now being 
used to provide additional information on the seasonal 
occurrence of different species of infective larvae. Except 
for a short period in autumn, 19.55, the number of larvae 
per unit area recovered from the sown pasture was usually 
higher than from the native pasture, but mean worm-egg 
counts of the sheep on the sown pasture (four sheep per 
acre) compared with the native pasture (one sheep per 
acre) would offset the lower output of wom1 eggs per 
sheep. Other factors such as temperature and moisture 
may also have influenced the number of larvae recovered. 
The measurement of temperatures in faeces in sheltered 
a.ad exposed situations, as exemplified by a dense-sown 
and an open native pasture, have shown only small differ
ences in minimum temperatures between the two situa
tions. However, large differences in the maximum tem
peratures do occur and may be of importance in the 
development and survival of larvae. 

(iv) Epidemiology of Trichostrongylus spp.-lt has 
been suggested that the dominance of H. contortus infes
tations in summer rainfall regions may influence the level 
and course of Trichostrongy/us spp. infestations. From 
weaning in April, 1955, a group of Merinos at Armidale 
was drenched each fortnight with carbon tetrachloride, 
with a view to suppressing H . contorrus infestation. As 
measured by egg counts, a satisfactory suppression was 
achieved only during the winter months, when reinfesta
tion would normaHy be at a very low level. There was 
no indication of any a1tera1ion in the level or course of 
Tricf/ostrongylus spp., except in February, 1956, w.hen a 
partial suppression of H. contortus was associated with a 
1ransien1 increase in Triclwstrongylus spp. infestation. 

(d) R esistance and Immunity to Nematode Infestation 
(McMaster Laboratory and Regional Pastoral Laboratory, 
Armidale) .-The advent of pregnancy did not affect the 
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acquired resistance of ewes to T. colubriformis. Ex
sheathment of larvae bas been found to proceed normally 
in the rumen of sheep resistant to H. co11tortus. Ao 
initial ' infestation of T. colubrijormis in lambs younger 
than five to six months heightened the resistance pf only 
a small proportion to a challenge dose of larvae. An 
initial infestation of T. co/ubriformis given to lambs five 
to six months old heightened their resistance to a chal
lenge dose given eight weeks later. When challenged 
three weeks after initial infestation, there was little evi
dence of heightened resistance and the effect was additive 
when the interval was five weeks. Initial infestations in 
lambs five to six months of age of 2,000 or 5,000 T. 
c:o/11brifor111is larvae were not as effective as 15,000 
larvae in stimulating resistance. The intermittent intake 
of T. colu/Jrifonnis larvae was not as effective in promot
ing resistance as was continuous infestation with adult 
worms. There was no evidence of cross-resistance between 
T. colttbri/ormis and T. axei. 

Al Armidale, a group of lambs six to ten weeks old was 
dosed with 7,000 infective T. co/11briformis larvae. There 
were no significant differences in worm-egg counts or in 
liveweights between these and :1 control group, after both 
had been exposed to narural infestation for six months, 
followed by a challenge dose of 25,000 infective larvae. 

However, in a second experiment, differences did occur 
between the egg counts of treated and control groups of 
Jambs which were challenged with 40,000 larvae at two 
months, 48,000 at tbree months, and 50,000 at four 
months, after the initial dose of 7,000 larvae to the treated 
group. The first challenge dose resulted in heavy infesta
tions and reduced liveweights in both groups, but, after 
the third challenge, egg counts were lower in the treated 
group. Two months after a final challenge dose of 
25,000 larvae, given at six months, egg counts were 
again the same in both groups. Jn the course of this 
trial, eight of twenty lambs died in the control group 
compared with three of nineteen lam bs in the treated 
group. 

(e) The Exsheathment of Nematode Larvae 
(McMaster Laboratory).-This investigation has revealed 
the presence of a factor in ruminal fluid which stimulates 
infective nematode larvae to exsheath. The factor does 
not act directly on the sheath. An a ttempt is being made 
to isolate the factor from ruminal fluid but this work is 
slill in the early stages. Both bile and blood serum 
exhibit a similar activity. The factor withstands tempera
tures up to I 00° C., but is inactivated at an alkaline pH. 
Species of nematodes which normally only exsheath in 
the abomasum will exsheath in ruminal fluid, if the pH 
is reduced to that of the abomasal fluid. T he moulting 
factor released by larvae stimulated by the ruminal factor 
will produce comparable changes in empty sheaths, as in 
sheatl1s containing live larvae. The moulting factor is 
capable of att;icl:ing sheaths only of the species from which 
it was derived. It is inactivated by temperatures about 
60° C. \Jut functions at 16° C. A series of ligation experi
ments showed that it is released from the vicinity of, but 
anterior to, the base of the oesophagus. · Treatment of 
ff. contorws sheaths with reducing agents bas shown that 
-S-S- linkages are present in the region where the sheath 
fraCllHO:~. 

(/) Strongyloides papillosus.-Stro11gyloides infestation 
was encollntered among she.:p confined in pens under 
wet humid conditions. The anthelmintic effect was tested 
of phenothiazine (25 g.) gentian violet (5 g.) hexa
chlorethaue (JO g.), and piperazinc (4 g.). No treat
ment was successful. Spraying of the pens with 5 per 
cent. 1

' Kero]", a phenolic disinfectant, or 10 per cent. 
copper sulphate or copper pentachlorphenate failed to 
control the infestation. 

(g) Phenothiazine Synthesis ( MacMaster Laboratory). 
-Methods available for preparing o-aminobenzenethiols 
and substituted phenothiazines were re-examined and, in 

some cases, extended. Measurements of the lipoid-water 
partition coefficients of several more phenotbiazine deriva
tives were made but the results could not be related to 
biological activity. Attempts are being made to syn
lhesize dithiadiazapentacenes, which would be more soluble 
than phenothiazine and may be more effective. The scope 
and limitalions of the Smiles rearrangement have been 
studied. 

(It) Phenothiazine-salt Licks (Regional Pastoral 
Laboratory, Armidale) .-The availability of salt blocks 
containing phenothiazinc has stimulated interest by graziers 
in this form of worm parasite control. As a preliminary to 
investigating the method. salt has been made available to 
sheep on sown and native pasture for the past eight months. 
Consumption has been irregular, but has been approxi
nu1tcly 3.6 g. per bead per day on the sown and 5.4 g. per 
head per day on the native pasture. 

(i) Parasite Physiology and Toxicology (McMaster 
Laboratory) .-(i) Second Srage Larvae of Nippostrongylus 
rnuris.-An attempt to culture second stage infective 
larvae of N. muris has shown that more information is 
required about the specific stimuli of the physiological 
environments at different stages of development, and about 
the physiological and biochemical differences between the 
successive stages of the parasite itself. 

(ii) Fo11rtlt Stage Larval Cuticle of N. muris.-It has 
been found that the fourth stage Jarva! cuticle of N. muris 
consists of a water-soluble protein. Of the amino acids 
present, glycine, proline, hydroxyproline, and tyrosine are 
in large amounts. Its constitution, together with other 
characteristics, resemble collagen, although it fails to swell 
in 0.2 N hydrochloric acid. More specific tests are in 
hand. 

(iii) A111helmi11tic Investigations again.st Aspicularis.
Thc stearate of the asymmetric complex trisethylenedia
mine Co llJ was found to be a highly effective anthelmintie 
against Aspicu/aris infestations in mice. The racemate 
as well as the separate d- and I-forms were equally effec
tive. The symmetric hex.amine Co llI complex was com
pletely ineffective. The ions of botb complexes have three 
charges and they differ negligibly in size. This work was 
done in collaboration with the Chemistry Department, 
University of Sydney, and sufficient quantities are being 
synthesized to test their anthelmintic properties in sheep. 

(iv) Pathology of N. muris Infestations in Rats.-The 
ctliciency of digestion of infested and non-infested rats was 
compared by estimating the organic matter in the total ' 
food ingested and in the faeces excreted. No difference 
between infested and non-infested rats could be discerned. 

(v) Biosynthesis of Ade11ine.-The biosyntbesis of 
adenine and adenylic acid has been studied with mutant 
No. 44206 of Neurospora crassa. 

J 9. EXTERNAL. PARASITES. 

( Division of Animal H ealth and Production.) 
(a) The 1::-:-0/ogy of Ectoparasites ( McMaster Labora-

1ory) .-The object of these studies is to determine why 
populations of permanent cctoparasites fluctuate and the 
factors governing their distribution on the host. The 
:m:ilysis of the oviposition behaviour pattern of lice bas 
been completed. Dammaliriia ovis and D. equi will lay 
eggs only when exposed to, a temperature approximating 
that of the skin. This tempernturc zone is normally near 
the skin, !Jut is determined in sheep by fleece tip tempera
ture and depth of fleece. This explains why eggs are not 
found on the extremities where the temperatures are fre
quently lower. Humidity has no influence on the be
haviour pattern, but high humidities appear to have a 
depressant. effect on the number of eggs laid. A fibre of 
suitable diameter must be present to provide a touch 
stimulus necessary for oviposition. For example, in the 
horse, D . equi can lay eggs on fibres of the diameter of the 
body coat, but not on the course hairs of the mane. On 
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the other band, Haematopinas asi11i can lay eggs oa the 
coarse fibres of the mane. Consequently, annual shedding 
of the coat bas a more severe effect on the D. equi popula
tion than on the H. asini. The influence of grooming 
affects distribution in some hosts. For example, the eggs 
of Jolyplax scrrnta arc found normally only on the bead 
of the mouse, but when grooming is prevented, the eggs 
are distributed over the whole body. 

( b) Psorcrgates .ovis.-The toxicities of malathion, dia
zinon, and the delta-isomer of BHC to this parasite have 
been tested. Malathion, 0.02 per cent., produced a good 
kill on a patch test and subsequently a field trial was 
arranged. The early res'ults arc promising. Diazinon, 
0.05 per cent. and 0.01 per cent., have been found success
ful in a patch test and a field trial is proposed. Delta 
BHC was not successful in a patch test at a concentration 
of 0.02 per cent. 

(c) Jxodes holocyclus Toxin.-Larvae, nymphs, and 
adults of /. holocycl11s induced similar symptoms and 
death in mice. The carbohydrate metabolism of the 
muscle of paralyzed mice was investigated and a disturb
ance was found in glycolysis, localized between the glucosc-
1-phosphate and 3-pbosphoglyceric acid levels. Efforts are 
being made to define the disturbance more clearly and to 
determine whether this is a primary effect of the toxin. 

It was observed tbat engorged female I. holocyclus pro
duced a pink cuticular excretion which, on injection, 
produced paralytic symptoms and death of mice. Arrange
ments are in hand to obtain enough ticks to enable collec
tion of sufficient pigment to proceed with its identification. 
A preliminary examination has shown that the substaJJce 
exhibits a red fluorescence under u. v. ligbt. A new species 
of tick closely resembling /. holocyclus has been. found on 
opossums. It does not, however, kill mice. 

(d) Dammalinia ovis.-Aldrin and maJathjoo are being 
used in a field trial to check their effect on lice. It is too 
soon to assess the results critically. 

20. PROTECTION AGAINST B LOWFLY STRIKE. 

(Division of Animal Health and Production.) 

The experiments at the Veterinary Parasitology Labora
tory, Yeerongpilly, Queensland, were the responsibility of 
Dr. J. H. Riches, who worked in close co-operation wilb 
Mr. P. J. O'Sullivan, Queensland Department of Agricul
ture and Stock. After Dr. Ricbes's death in September, 
1955, the work has been carried on by Mr. O'Sullivan. 
The Yeerongpilly Laboratory continued to supply the sheep 
and the cost of their maintenance, and also to provide 
assistance for maintaining the cultures of blowflies. 

Malath ion, when jetted into the fleece at concentrations 
up to 0.25 per cent., proved to have no anti-adult pro
perties. and to protect against larval implants for only 
four to six weeks. Under the same conditions, dieldrin 
gave protection for eighteen weeks. Considerable attention 
was given to diazinon. Io the first experiment, a c-011-
centration of 0.1 per cent. allowed no la rval implants to 
establish themselves for the nineteen weeks that the sheep 
were under observation, and a concentration 0.05 per cent. 
was a lmost as efficient. Jn a second experiment. an O.OJ 
per cent. concentration was effective for twenty weeks, 
but not after 24 weeks, while 0.05 per cent. was still 
effective at 33 weeks. lo both experiments, tl~.: :..nimalo 
treated with this insecticide were exposed to heavy and 
continuous rain from the 25th week. 

An experiment to determine whether len:;th of fleece 
influenced insecticidal persistence bas been completed. Two 
compounds, dicldrin and d!azinon, at 0.025 per cent. 
concentration. were jetted into sheep with fleece lengths 
of Jess than 1 inch, 1-H inches, and 2! inches or longer. 
The protection given by dicldrin broke down in all groups 
by the ninth week, but that given by diazinon persisted in 
alJ groups for seventeen to nineteen weeks. There was 
no correlation b::tween length of wool and duration of 
protection against blowfly strike. 

lnvcsti;;a tions were continued on the systemic adminis
trntion of insecticides. BHC, aldrin, and dieldrin in 
peanut oil at dose rates of 50 mg. and 100 mg./ kg. were 
used. Aldrin and diel.drin at the lower dose rate and 
BHC also at 100 mg./kg. proved inefficient in preventing 
larval development in all sheep. Aldrin and dieldrin at 
J 00 mg./ kg. prevented the development or larvae for at 
least eighteen weeks, but at this dose rate these insecticides 
carry a high risk of serious toxicity. Systemic adminis
tration has no value for the treatment of struck sheep, as 
the larvae are not affected for seven to eight days after 
injection. 

21. SHEEP BLOWFLY. 

(Division of Entomology.) 

(11) Ecological Studies.-Researcb on the sheep blowfly 
at the Division of Entomology during the past season bas 
been devoted largely to the improvement of techniques 
for use in future ecological studies. 

Progress has beea made with the design of a " knock
uown '' trap which will minimize self-damage by blowfly 
specimens after capture. The object of this type of trap 
is to enable the maximum amount of information to be 
obtained as to age structure, fertility, &.£., of the wild 
population from n study of the physical condition of 
trapped flies in comparison with marked flies of known 
age. also caught in traps. 

Attempts are being made to obtain a bait material 
which can b:: used as a substitute for whole liver, while 
eliminating its disadvantages. Refinements in the marking 
of flies with fluorescent dusts as 1hey emerge from the 
puparia a re also being investigated. 

(b) Some Fnc1ors Affecting Oviposition by Lucilia 
cuprina 011 Sheep.-Past workers have shown that when 
cotton wool plugs soaked with a solution of indole and 
ammonium carbonate were placed on live sheep they 
induced more oviposition by L. cuprina than when placed 
in small, in vitro preparations of clipped fleece or on 
sheep skins. A "sheep " (S) factor possessed only by 
live sheep was postulated to explain this. During the 
past year attempts have been made to determine the 
nature of the " S ·~ factor and to examine other aspects 
of the oviposition by L. cuprina on sheep. 

It has been found that some o[ the difference between 
the amounts of ovisposition on live sheep and on in vitro 
preparations is due to difference in surfac:: ar.:a. Further 
studies are bein~ carried out to investigate other factors 
such M temperature, moisture, and carbon dioxide tension. 

The presence of cavities between the staples of wool 
is a very important factor. Indole plugs in open-fleeced 
sheep receive more eg~s than do plugs in sheep with 
dense, compact fleece. The eggs are a lmost always laid in 
the cavities and not on the surface of the fleece. These 
differences in te'<turc may well explain the differences in 
" S •· factor which i1 is claimed occur from sheep to 
sheep. 

22. O THER SHEEP INVESTIGATIONS. 

(Division of Animal He:il th and Production.) 

(«) Ci'vver . Oeslrogens (Department of Agriculture, 
Perth.)-Fract1ons prepared by the Chemistry Department 
of the University of Western Australia have beeo tested 
by a bioassay method in immature mice; changes in 
uterine weight were noted in the assessment of oestrogenic 
a~tivity, The separation of the active fraction has proved 
difficult. A second chromatography on silica gel gives 
no separation whatever. Some separation can be obtained 
on paper (or cell~lose powder) with butanol at high pH 
values, but considerable decomposition of the active 
oestrogen occurs. More promisin~ results have been 
obtained by using acid eluents for cellulose powder 
chromatography. 
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( h) Phaforis Staggers (Regional Pastoral Laboratory, 
Armidale, New South Wales) .- No cases of phalaris 
staggen. occurred in Romney Marsh or Merino weaners 
grazing on a pbalnris and white clover pasture at 
"Chiswick" during 1955. 

There is evidence that the grazing of sheep and cattle 
on pastures with a high protein conten.t may, under s?me 
condition~. cause disturb:mce of mineral metabolism. 
In the coming season . observations will be made on the 
serum magnesium and serum calcium levels of sheep on 
phalaris; these will be related to the protein content of 
the pasture. und the ammonia level of the rumen liquor. 

(c) Production from Native Pastures Used in Con
;u11ction wi1h Sown Pastures.-In co-operation with the 
Division of Plant Industry. at " Chiswick ", a study has 
been mud~ of the animals and pasture production from 
land units containing increasin ~ proportions o( sown pas
ture (3.9. J 5.5. 30.8. and 57. l per cent.). with composite 
flocks of breeding ewes, weaners, and wethcrs. 

This experiment which c,<tend::d over thre:: years. bas 
now been concluded. The results have indicated the 
range of increase in overall production per unit area 
which might be expected as the percenta~e of sown 
pasture increases. The wool production and liveweight 
increases in 1955 were 27 lh. wool and 58 lb. liveweight 
increase per ac re. when 57. I per cent. of sown pasture 
was available co rhe sheep compared with 9 lb. wool and 
8 lb. Jivewcight increai;e per acre. wit•1 only ~.9 per cent. 
of sown pasture. 

Vlll. CATTLE. 

l. GENERAL. 

Products of the cattle industry- meat, hides, and dairy 
produce- represent over 20 per cent. of all Australian 
rural production. With the rapid increase in the popula
tion of Australia in the post-war period, home consump
tion of food commodities is outstripping primary produc
tion. If Australia is to maintain bolh its own food 
standards and an export of meat and dairy products on 
the pre-war level, research must find the means to increase 
the entire cattle industry. 

Broadly, the approach of the Organization to the prob
lems of the cattle industry comprises-

(i) A survey of the structure and interrelations of 
the various sections of the beef cattle industry 
throughout Australia. 

(ii) Studies designed to eliminate wastage and loss 
from disease in both beef and dairy cattle. 

(iii) The exploitation of potentialities for improving 
nutrition by the development of sown pas
tures, scientific understanding of the charac
teristics and management of natural pasture, 
a nd study of the possibility of introducing 
desirable exotic species into natural pastures. 

(iv) The development of systems of breeding designed 
to evolve mo:e p:·oductive beef and dairy 
types for north Australian conditions. 

The Organization's work on cattle problems has been 
carried out chiefly by the Division of Animal H ealth and 
Production, mainly in the Animal Health Laboratory in 
Melbourne, the National Cattle Breeding Station at 
" Belmont", near Rockhampton, Queensland, and the 
Veterinary Parasitology Laboratory in Brisbane, Queens
land (see Sections 2, 3, 4, 6, 7, and 8 of this Chapter) . 
The Division of Entomology has been concerned with 
work on the cattle tick (see Section 5 of this Chapter). 
The work of the Division of Plant Industry on pastures 
is also of great importance to the cattle industry (see 
Chapter IIJ.). The work of the Animal Genetics Section 
on beef cattle is described in Sections 8 and 9 of this 
Chapter. 

2. CATTLI! DISEASES. 

(Division of Animal Health and Production.) 

(a) Pleuropneumonia of Cattle (Animal Health 
Laboratory, Melbourne) .-The results of the study on 
the untoward effects (arthritis and carditis), following 
vaccination of very young calves at the tip of the tail 
with living culture, are being prepared for publication. 
The value of intramuscularly administered chloromycetin 
in the treatment of arthritis, following intra-articular in
jection of virulent culture in young calves, was examined. 
This type of infection was taken as a model of the un
toward gluteal invasion known as "bad tails", which 
occurs in a small proportion of vaccinated adults. By 
using heavy and repeated doses of chloromycetin, amount
ing in all to 140 mg./kg. over a period of four days, the 
infection was eventually overcome, and a complete bac
teriological cure was effected of this usually fatal infec
tion. Investigations are proceeding. In an attempt to 
study the fate of vaccine injected at the tail tip, the dye 
Evans' Blue was used. It was found that, whether sub
cutaneous or intracutaneous injection was performed with 
a dose of 0.2 ml., the dye reached the pelvic lymph nodes 
often in less than 2 hr.; sometimes even mammary nodes 
were stained. Anal nodes, which are characteristically 
involved in the " bad tail " infection, were often stained 
if of moderate size, but not when only a millimetre or 
so in diameter. It appeared that often these anal nodes 
are very small ,and perhaps may not then function in the 
lymphatic drainage of the tail tip. The relationship of 
these findings to the " bad tail " problem is being con
sidered. Studies on the viability of vaccine again stressed 
the importance of low temperature. The finding in the 
Sudan that agar added to vaccine has an adjuvant effect 
has been confirmed, and further experiments are under 
way. 

During the year 656,475 doses of vaccine were issued, 
mainly for use in the beef cattle herds in the north of 
Australia, and sufficient complement-fixing antigen was 
supplied to laboratories within Australia and abroad to 
permit the testing of 26,000 cattle. Fundamental studies 
on the causal organism of the disease Asterococcus 
mycoides are reported elsewhere. 

(b ) Masti1is in Dairy Catlle.-The experimental herd 
at Werribee Field Station bas remained free from infec
tion with Streptococcus agalactiae for another year, 
following upon elimination of the organism with peni
cillin, closing of the herd, and maintenance of good shed 
hygiene. 

T he herd is now to be used for other purposes, and 
work on mastitis has ceased, both at the Melbourne 
Laboratory and at the Werribee Field Station. Accumu
lated results from previous years are being analysed and 
prepared for publication in a second bulletin which will 
complete the history of the experimental herd. 

(c) Brucellosis of Cattle.-In the study of the dura
tion of the protection afforded by strain 19 vaccination, 
those animals which proved resistant in the challenges to 
immunity, which were previously reported, were again 
subjected to exposure in a naturally contaminated environ
ment while pregnant. In a control group of 22 non
vaccinated cattle, 73 per cent. were found to be infected 
at parturition, 50 per cent. having aborted. No evidence 
of infection was found in seventeen cattle vaccinated only 
in calfhood, or in nineteen vaccinated ia caJfhood and 
also three years later; all these cattle had received their 
calfhood vaccination seven years previous to this challenge 
to immunity. 

Ln a limited number of b
0

lood cultures performed, Br. 
abortus was isolated from twelve of fifteen cattle tested 
in the control, or non-vaccinated, group but not from 
any of five vaccinated cattle similarly tested. Some 
samples of udder secretion were obtained at fourteen
day intervals during the last few months of pregnancy. 
Br. abortus was not isolated from any ~pecimen obtained 
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from vaccinated cattle, but, in the non-vaccinated con
trol group. it was usual to isolate the organism from one 
specimen or more during this period, and sometimes 
before serological evidence of infection was found. 

(d) Haematuria Vesicalis of Cattle.- Tn continuation of 
previous work, the excretion of abnormal products of 
tryptophanc metabolism, and the possible action of such 
products as bladder irritants and carcinogens are being 
investiga ted. Techniques for the identification of small 
am ounts of 1hesc substances in the urine of mice by 
means of paper chromatography are being tested. The 
results should prove most useful in the extension of the 
work to the examination of specimens of urine obtained 
from cattle in the field which arc affected with haema
turia vesicalis. 

(e) fll ferti/ity in Dairy Cattle.- Hcrd infertility in dai.-y 
cattle presents a wide field for investigation in Australia, 
and C.S. l.R.O. is making its own contribution as well as 
cooperating with workers in several States. At the Mel
bourne Laboratory, specimens from some "problem " 
herds in Victoria have been investigated. It was previously 
reported that Trichomonas foetus has been is:>!'.lted from 
cattle in one such herd and that it seemed likely that 
trichomoniasis might prove to be a major cause of 
infertility in Victoria. However, during the current year, 
ma1~ri al supplied by veterinary officers of the Victorian 
Department of Agriculture from about 50 herds was 
examined without any evidence of infection with T. foetus 
being found. C.S.T.R.0. investigations are now being 
widened, special attention being paid to vibriosis as a 
like ly cause of infertility. Efforts arc now being concen
tra ted on tbe study of a small number of representative 
herds and in a search for evidence of infection with these 
or other causal microorganisms; if they a re not found, 
non-infectious causes will be sought. 

Jn laboratory work, agglulinating sera have been pre
pared against type strains of T. foetus, and field strains will 
be received for typing. Both a Victorian strain and one 
sent from New South Wales for typing have proved to be 
of th..l " Belfast ·• type. Cattle naturally and experimentally 
infected with T. foe111s or Vibrio fer us have been kept at 
the laboratory to supply material for the testing of cultural 
and serological techniques. 

(f) Ephemeral Fever- Studies Made During the Out
break of 1955-56 (Veterinary Parasitology Laboratory. 
Yeerongpilly).-These studies included the attempted 
transmission of the disease by the injection of extracts of 
macerated insects. T he species to be tested were collected 
in a suction trap, as used in the studies of allergic derma
titis of the horse, and suspended, when possible, over an 
infected animal in the febrile state. When such animals 
were not available, the trap was run in the vicinity of 
animals which had shown symptoms of the disease on 
some previous occasion. 

The insects collected were separated into groups and the 
various Ceratopogonidae were held in cages for 48-72 
hours. These were then killed and, after appropriate 
preparation , were injected immediately into calves seven
eight months o ld, or stored in tubes and held in dry ice. 
The tubed spccim~ns were identified by Dr. E. J . Reye and 
forwarded by air to the Veterinary Research Station of 
the New South Wales Department of Agriculture at 
Glenfield, where, after appropriate preparation, they were 
injected intravenously into susceptible callle in an insectary. 
However. none of these cattle showed the febrile reaction 
so typical of 1his disease. As the c..liscasc was prevalent in 
and around Brisbane at the time. the ca lves used in the 
transmission trials at YerongpilJy may have been resistant 
as a result of previous subclinical infection. 

The following species of insects were tested: Culicoides 
robertsi, Atrichopogon spp., Lasiohelea spp., mixed 
Cu/icoides spp. (robertsi, marmorat11s, magnimac11/atus, 
marksi, and pseudopalpalis), and the mosquitoes Culex 

.1·itc11s, A edel· 1·ig ilax, and Aetles f11Jrt111tittc11s. T here was 
a sligh1 rise in rectal temperature (2° F.) in the animal 

. which received the extract from the Lasiohe/ea spp. but 
subinoculation from it gave no response. 

When the known distribution of the Ceratopogonidae is 
compared with the distribution of ephemeral fever, the 
most prominent species are : Culicoides roberrsi, C. 
pseudopalpalis,-C. marksi, and Lasiohelea spp. (L. towns
villiemis). It is poss;bJe, however. that other species of 
Cu/icoides may have a wider distribution than is known at 
present. 

3. INTERNAL PARASITES. 

(Division of Animal Health and Production.) 

The following investigations were carried out by the 
staff of the Veterinary Parasitology Laboratory, Yeerong
pilly, Queens land. 

(a) Parasitic Gastro-enteritis of Cattle-(i) Suscep
tibility of Bos taurus and B. indicus to Helminth 
lnfestation.-Invesligations have been cominenced at the 
N ational Cattle Breeding Station, Belmont, Queensland, to 
ascerta in whether crossbreeding of British breeds with 
Bos i11dic11s may result in an increased resistance to 
helminth infestation. 

(ii) Seasonal Trends in Helmiltth Populations.-No 
further observations were made on herds in south-eastern 
Queensland. Observations on the herd in Victoria, com
menced in 1952, were also brought to a close. In this herd, 
it was evident that the infestations, which consisted mainly 
of Ostertagia spp., Trichostrongylus spp., and Cooperia 
oncopliora, were most prevalent during the autumn to 
early spring. 

(iii ) Studies 011 111/estation with H aemonchus placei.
Attempts to ascertain the factors responsible for 
haemonchosis have been continued with calves reared 
worm-free and subjected to varying conditions of infesta
tion. 

These studies have shown that, with diets of lucerne or 
on a diet of twelve parts of oaten chaff and one part of 
lucerne chaff, and despite the number of larvae being 
administered either as a single dose, spaced doses, or daily 
closes, the infestation failed to persist. 

The most outstanding feature of these experimental 
infestations was the high degree of resistance developed 
~·s a result of previous experience with the parasite. 

In a few animals, heavy infestations of both adult and 
immature worms were seen. Such heavy infestations were 
most prevalent in animals which had been given 1,000 
larvae daily, treated at monthly intervals with pheno
thiazine, and examined nine weeks after the challenge dose. 
It is of interest that in these animals, the egg count 
remained very low throughout the period of the trial. 
On slaughter, it was only ten-twenty eggs per g. It 
appears, therefore, that whilst the animal remains sus
ceptible, egg counts may give a reasonably accurate 
estimate of the state of infestation, but that when resistance 
is developing, the count may be of little value. 

These studies have indicated that an infestation super
imposed upon an existing infestation will not develop to 
maturity, though it may survive as fourth stage larvae. 
They have also shown that these young forms may be 
important in the causation of hacmonchosis, and may 
:\ccount in part for the slow recovery of animals which, 
according to their egg count. have rid themselves of their 
infestation. 

( iv) 'J 'he Role of' Copper Deficiency in Parasitic Gastro
mteritis.-Stuc..lies have commenced to determine whether 
nematode infestation affects the level of copper in the liver 
of calves, and whether calves deficient in copper are more 
susceptible to infestation. The results to date from field 
trials do not suggest any such relat ionship. T rials are also 
being conducted with calves exposed experimentally to 
H. placei and with mice exposed to Nematospiroides dubius. 
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(v) Biochemical Studies on Calves lrlfested with 
Huemonchus placei.-lufcstation of calves with this 
hclminth produced no effect on levels of calcium, phos
phorus, and protein in the host's serum over a period of 
thrcQ months. Repeated challenging of resistant calves to 
further infestation caused no alterations in the levels of 
albumin a11d globulins in the serum when weekly deter
minations were made for five months. In the first two 
weeks after infestation, there were significant decreases in 
haemoglobin values and red blood cell counts. 

(vi) Life History of Haemonchus placei.-Moulting of 
third stage larvae in the abomasum of calves was found to 
occur between 36 and 76 hours after infestation. During 
this period, larvae were found deeply embedded in the ducts 
and tubules of the gastric glands. Moulting of fourth 
stage larvae to the adult stage occurred eleven-fourteen 
days after infestation. Commencement of feeding by the 
young adults was associated with general inflammation and 
ulceration in circumscribed areas of the mucosa at the 
site of attachment. As development of the worms pro
ceeded during the fourth stage, there appeared to be some 
inhibition imposed on the growth of the least developed 
fourth stage larvae. In sheep simultaneously given mixed 
infections of H. placei and T-1. co11tortris, larvae of H . placei 
appeared in faecal cultures up to ten days later than those 
of II. co11tortus. 

(vii) A 11thelmi11tics.-St1.1dies on the efficiency of 
phcnothiazioe against immature H. placei indicated that, 
al 0.2 g. per lb. body weight, it was highly efficient against 
worms eight and 42 days old respectively, but had little 
efl'ect on worms fourteen days old, i.e. on youog adults. 

Several trials have been carried out with piperazine 
hydrate. Oral doses of 0.05, 0.1, and 0.2 g. per lb. body 
weight were ineflective against H . placei, B111wstomum 
phlebotom11m, Tricltostrongylus axei, and Cooperia spp., 
but were uniformly 100 per cent. efficient against Oeso
phagostomum radintum. Although only light infestations 
of Ostertagia spp. were present, there were indications that 
the drug may have a useful anthelmintic action against this 
species. Oral doses of 0.02 g. per lb. body weight were 
only partially effective against 0. radiatum and efficiency 
at this dose rate was not improved by the prior stimulation 
of the oesophageal groove reflex. Piperazine-1-carbodi
thioic betaine, tested orally at 0.05 g. per lb. body weight 
after closure of the oesophageal groove, was ineffective 
against H. placei, B. phleboto11111m, T. axei, and Cooperia 
spp. 

Neither of these piperazine compounds appeared to be 
effective against Monie;;ia benedeni, nor did mepacrine 
(atebrin) at a dose rate of IO mg. per lb. body weight. 
P<1pain at a dose rate of 0.5 g. per lb. body weight was 
ineffective against H. placei and Cooperia spp. Lindane 
at 3 mg. per lb. body weight was ineffective against B. 
phlebotomum. 

(viii) Ecology of the Preparasitic Stages of Cattle 
J1ro11gyles.-Investigations into the development, migra
tion, and survival of larvae under natural conditions have 
been con1inucd. Routine observations are being made on 
soi l and pasture samples at distances up to 36 inches from 
pats exposed at fortnightly intervals. Infective larvae 
have been found to migrate at least 36 inches from the 
pat. Larvae developed and migrated normally during June 
when the trials were commenced. Development in the pat 
continued thereafter until August but there was little 
migr.ition, which was attributed to dry weather. Very 
litLle development occurred in the pats during the period 
September to J anuary a nc.l very few larvae were recovered, 
probably owing to the effects of summer temperatures. 
Exposure to 45° C. for 15 min .. for example, was found 
10 be fata l under experimental conditions to the eggs of 
H. placei. Maximum temperatures in the pats during 
the day in December were 320 to 42.5° C. with a mean of 
39. l ° C. A solar maximum thermometer beside the pat 
recorded 80.5-87.9° C. Some larvae which reached the 
infective stage in August were still alive three months later. 

(ix) Jnfectivity of Stro11gyle Larvae.-A trial to deter
mine whether the infectivity of the larvae of H. placei is 
associated with their intestinal fat content indicated that 
larvae which had lost all fat from the intestinal cells after 
fifteen days' storage in water were still highly infective. 
The trial also provided evidence that infective larvae less 
than 24 hours old may have a very low degree of infec
tivity. 

(x) Recovery of Strongyle Larvae from Soil and Vege-
1atio11.-The sedimentation tube technique used for the 
recovery of stroogyle larvae from soil and pasture (1953-54 
Annual Report) bas been improved and the time taken 
to carry out the technique reduced by approximately 4 hr. 

(xi) Egg Production of Haemoncbus placei.-Prelimi
nary observations on an experimentally infested animal 
indicates an egg output per female of approximately 1,000 
eggs per day when production is at its peak, compared 
with 5,000-10,000 eggs per day recorded for H. contortus 
in sheep. 

(b) Paramphistomes of Cattle.- Three, if not four, 
s;iecics of paramphistomes occur in Australian ruminants. 
The life histories of two of these, namely, Ceylonocotyle 
streptocoelium and Paramp/iistomum ichikawai, were pre
viously reported as involving the planorbid snails Glyptani
sus gilberti and Segnitilia alp/Jena respectively. The third 
species Calicophoron calicophorum bas been found to use 
:mother species of planorbid snail, Pygmanisus pelorius, as 
its intermediate host. The cercaria of C. calicophorum is 
rendi ly distinguishable from the cercariae of the other 
paramphistomes. Its prepatent period in calves is 80-95 
days. P. pelorius appears to be confined to shallow tem
porary pools, such as occur in gilgai country. This snail 
also acts as the intermediate host of a species of Diplodiscus 
which infests frogs. 

4. T HE CATIL E TICK. 

(Division of Animal Health and Production.) 

(a) Host Reaction to Tick Infesflltion.-Observations 
on stalled animals and on the same animals exposed under 
natural conditions in the field showed that Zebu x: Short
horn cross-bred steers, with at least three-quarter Zebu 
blood, were more resistant to infestation with the cattle 
tick Booplrilus microplus than shorthorn steers of compar
able age. Not only were smaller numbers of adult ticks 
recovered from the former group, but the ticks were smaller 
and laid fewer eggs. 

The difference in tick infestation was greater under field 
conditions where it is thought that the Bos indicus group 
did not pick U? as many larval Licks as the Bos taurus 
group. The nature of the hair cover may be of 
considerable importance in this respect. 

Resistance in B. taurus animals is due to the develop
ment of a skin hypersensitivity. The Joss of ticks occurs 
largely in the larval stage mainly through mechanical 
means such as licking. Many are also killed by the serous 
exudate at the point of larval attachment. This hyper
sensitive state of the skin is also observed in the B. indicus 
group, but resistance resulting from development of a true 
immunity is also considered to be of importance in these 
animals. T his immunity, especially denoted by the death 
of young adults while still attached to the animal, was seen 
in only a proportion of the animals comprising the 
D. i11dic11s group under study. lt may be more prevalent 
in purebred B. indicus cattle. 

However. individual animals of B. ta11rus breed may be 
ris resistant as, or even more resistant than, those of B. 
indicus breed. This resistance is due to the development 
of skin hypersensitivity to a very high degree. 

5. BIOLOGY AND CONTROL OP Tli.E CATILE TICK. 

(Division of Entomology.) 
Research has continued at the Division of Entomology 

on the problems of acaricide resistance, the metabolism of 
DDT hy ticks, the formulation of dipping fluids. methods 
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of application of acaricides, and the testing of potential 
toxicants. The increasing complexity of the problems in 
the acaricidal field, however, emphasizes the need to con
sider the approach to the control of the cattle tick by 
methods quite distinct from those generally adopted at 
present. One alternative is to search for tick destroying 
agents exerting effects of a nature entirely different from 
those produced by recognized toxicants. On the other 
hand, a strong incentive is given to study of the employ
ment of management methods which minimize the use 
of acaricides. 

(a) Acaricide Resistance.-The chemical control of 
the cattle tick is now complicated by resistances which 
the ticks have developed to various acaricides. The 
substances to which cattle ticks are known to exhibit 
tolerance fall into three groups: (1) arsenic; (2) BHC, 
chlordane, toxapheue, d.ieldrin, aldrin, and others which 
appear to exhibit group cross-tolerance; and (3) DDT. 
Arsenic resistance in Queensland has received little con
sideration since the appearance of chlorinated hydro
carbon acaricides, though it is widespread. Resistance 
to BHC and the associated group of chemicals is also 
common, though DDT is generally satisfactory for tick 
control in such areas. DDT resistance is still local enough 
in occurrence for this acaricide to maintain a wide general 
usefulness. In the few localities in which ticks appear 
to exhibit resistance to all chlorinated hydrocarbons they 
cao be controlled by the organic phosphate materials 
such as diazinon. 

(i) DDT-resistant Ticks.- Laboratory tests showed 
that a strain of DDT-resistant ticks was susceptible to 
BHC, toxaphene, and dieldrin. Spraying an artificially 
infested animal indicated that these DDT-resistant ticks 
were also susceptible to diazinoo. 

Laboratory dosage mortality trials showed that there 
was no Joss of DDT resistance in this strain 11fter five 
generations had been raised without acaricidal treatment. 

Research on house flies in other laboratories indicated 
that late-pupating flies were more resistant to insecticides 
than early-pupating flies, and that increasing divergence 
in the degree of resistance of substrains could be produced 
by progressive selection of early- and late-pupating flies 
from a culture over a number of generations. However, 
no parallel phenomenon was demonstrated by selecting 
early- and late-falling ticks of the DDT-resistant strain 
over three generations. 

DDT-resistant ticks treated with a mixture of DDT 
and the synergist DME showed higher mortalities than 
those treated with DDT alone. The results suggest the 
presence in the DDT-resistant ticks of an enzyme, DDT
dehydrochlorinase, which is known to account for DDT 
resistance in some houseflies, though it has not been 
possible to isolate it chemicaJJy from the ticks. 

(ii) Toxaphene-resistant Ticks.-Laboratory trials con
firmed field evidence that a strain of toxaphene-resistant 
ticks was susceptible to DDT. 

(iii) Dieldrin-resistant Ticks.-Laboratory trials with 
a strain of ticks from a property where dieldrin and other 
chlorinated hydrocarbon acaricides had failed to bring 
about control showed that the larvae were more than 
2,000 times as resistant to dieldrin as were susceptible 
larvae. The adult ticks were also bigWy resistant to 
dieldrin. This, and a second strain suspected of being 
dieldrin-resistant, were readily controlled by spraying with 
0.05 per cent. diazinon or 0.05 per cent. "L1 3/ 59 ". 

(b) Dipping and Spraying Formulations.-(i) Selective 
Removal of Toxicants During Dipping-The "stripping" 
of DDT from two different types of formulations has been 
studied. " Stripping " describes the remo'val by cattle 
from the vat of quantities of toxicant in excess of that 
expected in the volume of fluid retained in the coats of 
the cattle. In freshly prepared colloidal formulation no 
stripping was demonstrated, but as tbe fluid aged, high 
stripping values were generaJJy detected. The stripping 

from a wettable powder formulation was lower and less 
variable than from the colloidal preparation. 

Stripping has also been studied in colloidal formulations 
of dieldrin and aldrin which appear to parallel DDT 
colloid in regard to this behaviour. 

(ii) Dieldrin i11 a Dipping Vat.-A vat was charged 
with 0.05 per cent. dieldrin as a colloidal preparation on 
a property where the ticks had previously been exposed 
only to arsenic. The kill of the ticks and the periods 
after dipping for which tbe cattle were protected against 
larval reinfestation were variable, owing partly at least 
to variation in the amount of stripping, but results were 
generally satisfactory. 

The progeny of some ticks collected after the third 
dipping showed a considetable degree of dieldrin resist
ance, but in spite of this, adequate control was obtained 
at the fourth and fiJth dippings. The formulation main
tained satisfactory stability and no animals showed signs 
of toxicosis. 

(iii) Aldrin in a Dipping Vat.-A vat charged with 
0.05 per cent. aldrin ~ave a comparatively poor kill of 
ticks on the first dipping occasion. At the next dipping 
some animals were again treated at the same concentra
tion, but the rest of the herd was dipped after the 
concentration had been increased to 0.1 per cent. aldrin. 
The kill of ticks on both groups was almost complete. 
High kills have also resulted from subsequent dippings, 
and protective periods have progressively increased. The 
stability of this formulation was also satisfactory and there 
were no signs of toxicosis in dipped animals. 

(iv) Endrin.-Spcaying cattle with 0.01 per cent. 
endrin resulted in the destruction of all stages of ticks with 
the exception of a small percentage of engorged nymphs. 

(v) " LJ3!59 ".-This organic phosphorus compound 
gave a complete kill of ticks when sprayed on to cattle at 
concentrations from 0.05 to 1.0 per cent. Tbe protective 
period of the highest concentration was about five days. 

(vi) Chlorthion.-This organic phosphorus compound 
has been tested as a spray at concentrations ranging 
from 0.1 to 0.5 per cent., which are higher than in tests 
previously reported. The kiJI of ticks at best was only 
fair, and the protective period Jess than three days. The 
animals suffered irritation and exhibited some swelling and 
inflammation in flanks and escutcheon. 

(vii) "Tedion V 18 ".-This material is a mixture of 
highly chlorinated dipheoyl sulpbones, recommended as 
a specific toxicaut for red spider and other acarina. When 
sprayed on to cattle at a concentration of 1.0 per cent. 
active ingredient lbe kill of tlcks was poor. 

(viii) Alternative Tick Destroying Agents.-A begin
ning has been made on a programme of testing alternatives 
to biochemically active toxicants for cattle tick control. 
Emphasis in such work is on substances which interfere 
mechanically with respiration or waterproofing in the tick. 
The spiracles a1·e being studied as a site of entry for tick
destroying agents. It was found that wool wii-x killed 
adult ticks when applied to the spiracles, and kil led all 
stages of ticks when applied to cattle. 

(c) Systemic Acaricides.-Experiments were made to 
determine whether beeswax could be used to prolong the 
systemic effect of lindane aud dieldrio against cattle ticks, 
as it does with penicillin injections. No increases in the 
duration of systemic effects were observed. 

(d) Pasture Spelling Experiments.-The principle of 
destocking paddocks to allow the majority of larval ticks 
to die out has been further tested for cattle tick control 
under widely differing conditions. 

(i) South Queensland.-In an experiment at Amberley, 
cattle which were pastured alternately in two paddocks 
at four-montbly intervals, without any acaricidal treat
ment at all, remained very lightly infested throughout the 
year. On the other hand, cattle in a continuously grazed 
paddock were heavily infested for most of the year, and 
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had to be sprayed several times during Ute acuve period 
of the ticks. 

In connexion with proposed systems of pasture spelling 
in south Queensland, further information is being obtained 
on tick developmental periods and survival in pastures. 

(ii) Central and Northern Queensland.-At Calliope, 
near Gladstone, 350-400 cattle were grazed in three 
paddocks in rotation, spelling the paddocks for from 
three months in summer to four and a half months 
io winter before returning the stock to them. Under 
this system of management the cattle remained very 
lightly infested, although dipped only in January and 
September, 1955, and in January, 1956. 

6. INVESTIGATIONS WITH DAIRY CATTLE. 

(Division of Animal Health and Production.) 
(a) Nudeus Stud Herds of Sindhi and Sahiwal Cattle 

(Werribee Field Station).- The foundation stock for these 
herds,. which were presented to the Commonwealth of 
Australia by the Government of Pakistan in 1952, were 
transported by air from Karachi to Port Moresby, Papua
New Guinea, in December of that year. After two years 
in quarantine there, permission was given for their intro
duction to a property in southern Australia and they 
reached the Werribee Field Station in January, 1955. 
During 1955; four pairs of Sindhi and five pairs of Sahiwal 
cattle were successfully mated, and all females bad calved 
prior lo 30th June. The 1956 calf drop in these herds 
comprises five Sahiwal and two Sindhi bulls, and one 
Sindhi heifer. Observations are being made to compare 
the skin and hair characteristics of these exotic breeds with 
those of British cattle. This is a co-operative project with 
the Department of Territories, Administration of Papua
New Guinea. 

(b) Progress in the Zebu-cross Dairy Herd (McMaster 
Field Station).- This project has now been re-orientated. 
The original herd, based on Guzerat Zebu and European 
blood, proved unsatisfactory for milk and butterfat produc
tion. Except for a few animals kept for use in other 
observations, the herd was disposed of during the year. 

It has now been replaced by 50 Jersey heifers which 
are being bred by artificial insemination to Sindhi and 
Sahiwal bulls located at the Werribee Field Station (see 
preceding section). It is proposed to breed at least 25 F

1 
heifers of each cross. The crossbreds will be tested 
primarily for production and temperament. 

( c) Coat Shedding St11dies.-Tbese studies have been 
extended to include the Sindhi and Sahiwal cattle at 
Werribee Field Station, Victoria. Hair samples and skin 
biopsy specimens have been taken at monthly intervals 
since J une, 1955. The pattern of coat shedding in the 
Sindhi and Sabiwal cattle appears to differ from that in 
European cattle. In European cattle, the mid side of the 
body is the last area from which the winter coat is shed 
whereas •. in the Sindhi and Sahiwal cattle, shedding i~ 
slowest m a roughly saddle-shaped area over the back. 

(d) Sweat Gland Studies.-Observations were made on 
sweat gland size in skin biopsy specimens obtained from 
the mid side and dewlap regions of the Sindhi and 
Sahiwal cattle at Werribee, and on similar specimens 
obtained from the mid side of European dairy breeds. 
This work was carried out in co-operation with the 
Animal Genetics Section. A report on it has beea 
presented for publication. The most significant finding 
wns that the Bos indicus breeds had larger (2t times) and 
more numerous (Ii times) sweat glands on the mid side 
than European cattle. 

7. BEEF P RODUCTION JN AUSTRALIA. 

(Division of Animal Health and Production.) 
(I.) The following have 1been the activities of the 

William Mcllrath Fellow · in Animal Husbandry. with 
headquarters at the McMaster Laboratory. · 

(a) /11ves1iga1ions in the Southern States.-Co-ordina
tion has again been provided in these investigations which 
arc being conducted by tho Departments of Agriculture 
in New South Wales, Victoria, South Australia, Western 
Australia, and Tasmania, and are proceeding according 
to plan. The observations at twelve centres, established 
with funds provided by the Australian Meat Board and 
Rural Credits Development Fund of the Commonwealth 
Bank, have been continued. These include: seasonal 
growth curves, comparative breed studies, sire production 
and progeny testing, carcass appraisal investigations. yard
and stall-feeding of steers. 

(b) Other Beef Cattle lnves1igatio11s.-These have 
included work on the feeding of stud cattle, vitamin A 
requirements, and quantitative body composition analysis 
using the anti-pyrene injection tecbnjque. 

(II.) Jnvestigations concerned with beef production at 
other Divisional centres arc listed below. 

(a) Environment Control of Coat Changes in Cattle 
(University of Queensland). (i) The Role of Nutrition.
lndications from a preliminary experiment were that, 
although length of day is the major influence in coat 
shedding, the plane of nutrition also influences it. The 
effect of nutrition in this regard, however, appears to vary 
appreciably among individual animals. 

(ii) EOect of Equatorial (Constant-level) Light 
Environment.-As seasonal light change regulates coat 
cycles in European breeds of cattle, it was decided to 
observe what coat changes such c:itt!e would undergo if 
transferred to a constant-level light environment such as 
that at the Equator; also, whether or not the time of year 
at which the transfer took place was of any significance. 
Animal stalls were used in which length of day was 
adjusted to a constant daily level of 12 hr. 50 min. Four 
groups of Poll Shorthorns have been introduced into this 
light environment at different times during the current 
y~ar. Coat changes are being observed and compared 
with those of control animals in tbe natural light 
environment. 

~!though the experiment is incomplete, the following 
pomts have emerged. The immediate changes which 
follow transfer to the "equatorial" light environment are 
we.II-defined and different according to the time of year 
(wmter or summer coat) at transfer. On settling down 
after the transfer, the normal periodicity of the coat 
cycles is lost and any further changes appear to be 
unrelated to the seasons. After their early changes, the 
groups which were transferred in March and September 
appear to have assumed a state of simultaneous hair 
growth and hair loss, in which the general overall state 
is a woolly-coated one. The heat tolerance of both 
groups is the same and poor. The December and June 
entries are still very different, the former being short 
coated and sleek, the latter woolly nnd rough. 

(b) lnfl11e11ce of Nutritional State 011 Heat Tolerance in 
Ca11le.-:An inve~tigation, using pen fed cattle and covering 
obse~vat1ons dunng a three-hour heat test in a psychro· 
metric room. showed that high condition does not in 
itself render cattJe intolerant of heat. A high current 
rate of feeding. however, may add seriously to the heat 
load of either fat or poor cattle exposed to high 
temperatures. 

(c) Adaptation to a Tropical Environment (Rock
hampton Laboratory).- Field studies are being continued 
on purebred and crossbred cattle maintained at the 
National Cattle Breeding Station. Characters under 
investigation are rectal and skin temperatures. respiration 
rate, ~oat a_nd hair characters, water vaporization from 
the skin, skin structure. blood constituents and suscepti
bility to tick infestation. A number of methods b\· which 
coat character may be assessed have been tested;. several 
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have been shown to be strongly correlated with body terp
peratures and to be highly heritable. There is a high 
degree of variability among animals of British breed in 
coat characters and in thermoregulation. Blood con
stituents studied include alkaline phosphatase, creatinine, 
cholesterol, carbon dioxide capacity, and glutathiooe. 

8. GENETICS OF CATTLE. 

(Animal Genetics Section and D ivision of Animal Health 
and Production.) 

(a) Beef Cattle Breeding Investigations (" Belmont" 
Field Station).-The breeding trials at " Belmont " 
(Queensland) are proceeding according to plan. The 
single sire group matings in 1956 involved 14 bulls and 
420 cows- six different breeds. In addition lo the routine 
body weight determinations for all progeny, which now 
total 500 head, observations have been extended to include 
worm infestations, haemoglobin and haematocrit readings, 
and dentition. A preliminary survey of liver copper status 
has been made. 

(i) Crossbreeding Groups.--Signiticant differences in 
rates of growth and in mean body weights are now 
becoming evident between the progeny of the eight cross 
matings in this experiment. In general, the progeny of 
British breeds and cross matings between British breeds 
are inferior to those of Zebu and Africander bulls and 
British breeds. The Zebu x Shorthorn crossbreds are out
standing while the purebred Shorthorn group is least 
impressive. 

Data rclnting to susceptibility to tick (Boophilus micro
plus) and helminths are accumulating. Evidence so far 
suggests Lhat Zebu and Africander crossbreds are more 
resistant to tick infestation than are British breeds and 
crosses between British breeds. Preliminary observations 
on haemoglobin, haematocrit, and liver copper status 
suggest interesting differences again in favour of the 
progeny of Zebu and Africander bulls and British breed 
females. 

(ii) Comparison be1wee11 Northern-bred and Sowhern
bred H erefords.-The " Belmont " section of this trial has 
now moved into its third year, and differences in per
formance between the progeny of the two groups are 
becoming strikingly evident. At the age of eighteen 
months, the northern-bred Hereford pro;::eny are 120 lb. 
heavier than stock from the southern-bred Herefords. bre:J 
and raised under identical conditions. There is some 
evidence that this difference in performance is not entirely 
due to heat tolerance. 

( b) Observations in Ce111,·a/ Q11ee11slm1d.-Observa
tions on skin and hair characters of Bos ta11rus have shown 
considerable variation in sweat gland size within strains 
of this species. The crossbred progeny of matings between 
B. indic11s and B. taurus had a higher sweat ghmd volume 
than any B. taurus suain examined, but nevertheless did 
not show the highest growth rate or the greatest body
weight under conditions prevailing in the arid area of 
central Queensland where the observations were made. 
The B. ta11ms group showing the highest growth rate also 
had the largest sweat gland volume. 

A heat tolerance test based on exercise was devised 
and proved useful in practice. Observations on the effect 
of coat cover indicated that this factor, by itself, would not 
account for the whole of the difference found between 
B. ta11rus groups in adaptation to hot, dry conditions. 

9. SWEAT G LANDS IN CATTLE. 

(Animal Genetics Section.) 

Work on i.weat gland size continues. A new technique 
for preparing sections for examination which is quick has 
been evolved and more extensive studies of correlation 
between sweat gland size and other characters have been 
partly completed. It has been found that strains of 
Shorthorn show consistent differences in total sweat gland 

volume which are clearly due to genetic differences, 
though there are some slight changes with season. An 
extensive study of the effect of age, season, strain, and 
genotype on this character bas startcc.1 at " Beh10nt ". 
The process of hair shedding in sllin sections and the 
state of hair follicles during the process can be used to 
describe events preceding and accompanying shetlding. 
This line of work is to be expanded. 

IX. ENTOMOLOGY. 

1. GENERAL. 

Throughout the agricultural, pastoral, and horticultural 
industries, Australia in common with mosl parts of the 
world suffers enormous losses from the depredations of 
insects. As seed, «s growing crop, or as harvested food 
the products of the soil are continually subject to damage 
by insects of many thousand of species. Before a cam
paign against any insect can be launched with re'.!sonable 
hope of success, the life history anc.l habits of the particular 
species must be thorougbJy investigated t nd understood. 
Tbe Organization·s investigatio;;s involving the biology and 
control of insect pests, the biological control of weeds, and 
other aspects of entomology are mainly carried out by the 
Division of Entomology, with head-quarters in Cu:iberra. 
Collaborative work is, however, undertaken by the Division 
on special problems in conjunction with other laboratories. 
Research on insects affecting animals is done in co
operation with the Division of Animal H ealth and 
Produclion and is reported in Chapters VJJ. and YUi.; the 
Division plays a part in the invcstigatiOHS O.:l t!::c vims 
disease of rabbits being s!udied by the Wildlife Survey 
Section (see Chapter X., Section 2) . T he Division co
operates with the Division of Forest Products in the studv 
of pests of timber (see Section I 3 of this Chapter, and 
Chapter XIV., Section 6 (g) ). 

. Division of Entomology.-Incrcasing emphasis is now 
~1ven in the Division's work to the study of insect popula~ 
Hons and the factors which govern the abundance of 
insects. These studies are being linked with the Division's 
ecological investigations, particularly on pasture pests such 
as grasshoppers, cockcbafers, caterpillars, the e:1rtb mite, 
and the lucerne flea. With the post-war extensive develop
ment of improved pastures in many parts of Australia this 
work assumes increasing importance. 

The Division bas released a number of imported para
sites of cabbage moth and cabbage butterfly ~nd some of 
~liem are now W.!ll established. An interesting experiment 
in Canberra has demonstratcJ the need io adjust spray 
practice to allow these parasites to act in 1he field. Early 
in the growing season before the parasite population had 
built up caterpillar damage was controlled by one or two 
applications of lead arsenate. No subsequent sprays were 
applied and the parasites so effectively kept the caterpillars 
in check thn.t a commercially satisfactory cabbage crop 
resulted. This supports tlie belief that the modern practice 
of using persistent insectici<les such as DDT against 
insect pests often seriously interferes with the effective 
action of natural enemies. 

Necessary preparatory work for the proposed trial locust 
control campaign, to be carried out in co-operation with 
the New South Wales Department of Agriculture has been 
?egu~. With the appointment of a pat;ol officer'. a survey 
1s being made of the country in the main outbreak area so 
tha~. it wil.l be properly mapped, and this will gre~tly 
fac1htatc hrs obtaining the necessary information to judge 
wl1en an outbreak is developing. 

The Division has continued to co-operate with various 
institutions during the year, namely, the New South Wales 
University of Technology on cattle dip formulations and 
the extraction of toxic materials from ants, the Institute 
of Anatomy on the biochemistry of muscle, the Australian 
Wheat Board, the New South Wales Flour Millers' 
Council, and the Department of Primary Industry on 



stored products pests. Co-operative work is also being 
done with the Victorian D epartment of Lands and Survey 
on the biological control of rngwort. The Division's 
method of testing various materials in laboratory colonies 
ol termites has proved valuable to many industrial firms, 
particularly in the development of uses for many plastic 
materials. 

Dr. K. H. L. Key was recently elected the Australian 
representative on the 1 nternational Commission of Zoo
logical Nomenclature. 

2. I NSECT PttYsroLOOY AND ToXTCOLOGY. 

(Division of Entomology.) 

(a) Digestion of Wool by /nsects.-An examination is 
being made of factors which may be involved in the 
unusual degradative process which the protein of wool 
undergoes in wool digesting insects. An investigation of 
the digestibility of wool modified in various ways has begun 
to yield information on the mechanism of digestion by the 
Tineo/a proteolytic enzyme. 

Some of the difficulties previously encountered in the 
puriJ.ication of Tineo/a protease due to the presence of 
fatty materials and inert proteins have been reduced by the 
use of butanol-acetonc treatment, followed by acid extrac
tion and a controlled autolytic process. Solutions 
produced by this process have high specific activity. 
Further purification has been obtained on a small scale by 
adsorption and elution on a column of cationic synthetic 
resin. 

(b) Digestion of Collagen.-An active collagenase was 
demonstrated in the excreta of aseptically grown blowfly 
larvae using a substrate (kangaroo tail tendon) rich in 
undenatured mature collagen. This is probably the on1y 
unequivocal demonstration of the production of a colla
genase by animals, although a few bacteria are known 
10 secrete this enzyme. 

(c) Digestion of Wax.-Wax moth larvae, which are 
known to harbour lipolytic microorganisms in the digestive 
uact, remove some of the constituents of bees-wax during 
its passage through the gut. These larvae have now been 
cultured under aseptic conditions and offered a series of 
characteristic lipoids. They have been found capable of 
removing a high proportion of a C16 (stearic) acid, of a 
C18 (octadecyl) alcohol, and of the resultant ester 
(octadccyl stearate). On the other band, relatively little 
of a C30 paraffin (n-triacontane) was absorbed during 
passage through the gut. 

(d) Insect Muscle Biochemistry.- ln collaboration with 
an officer of the Australian Institute of Anatomy, an 
investigation has been begun on the action of dinitro-phenol 
on the myosin-adenosinetriphosphatase of muscle, and the 
effect of various inhibitors on this system . This h as 
yielded information of interest with regard to the bio
chemical and pharmacological act ion of dinitro-phenol 
and the mechanism of action of the enzyme and con-
tractile protein, myosin. ' 

(e) insect C11ticu/ar Proteins.-A study is being made 
of the cuticular proteins of the larvae of the longicorn 
beetle Agrianome spi11ico//is. Three protein fractions which 
represent just over 50 per cent. by weight of the enlire 
cuticle have been isolated and are being examined. 

(j) Precursors of Cuticu/ar Compo11ents.- (i) Changes 
in the Free Amino Acids of the Blood of Blowfly Larvae 
at Metamorphosis.- Just prior to pupation the larval 
cuticle of blowflies increases considerably in thickness i1od 
during the early pupal stage becomes hardened and dark 
ii1 colour. Since the blood is the reservoir for the products 
required for and produced by nearly every physiological 
activity of the insect body, changes in the free amino acids 
of the blood at metamorphosis may lead to an under
standing of the nature of these cuticular changes. 

A quantitative analysis of the free amino acids in blood 
from the larval, prepupal, and early pupal stages of 
C(ll/iphora augur has therefore been performed and has 

demonstrated that 1he amino acids showing the most 
marked falls in concentration at metamorphosis are 
alanine, glutamic acid, glutamine, glycine, proline, and 
tyrosine. 

(ii) Precursors of Chitin.-Virtually nothing is known 
about the synthesis of chitin by insects even though it is 
an important aspect of insect biochemistry which is not 
shared by higher animals. Although work on this subject 
is only in its early stages. it has indicated that glutamine 
is concerned in the biosynthesis of D-glucosamine and 
therefore of chitin which is built up of N-acetyl-D-gluco
samine residues. 

(g) Nutrition of the Sheep B/owfly.-A study of the 
food requirements for reproduction in Lucilia cuprina has 
shown that both carbohydrate and protein are required for 
egg production. Possible sources of these types of food· 
stuffs in the field have been investigated, and the use of 
these sources under natural conditions by wild flies have 
been verified by chemical analysis of the gut contents of 
trapped flies. This has shown that the excreta of sheep 
fed on improved pasture may be an important source of 
free protein to flies in the field. A biochemical investiga
tion of the enzymes of the crop and gut of Lucilia has 
demonstrated that similar carbohydrases are produced at 
both these site. 

3. INSECTS AND VJRUSES. 

(Division of Entomology.) 

(a) Insect Tissue Culture.- Preliminary studies have 
shown that previous attemps to grow insect tissues under 
in vitro conditions failed because ( t) in many instances, 
the tissues used have not been suitable for culturing; and 
(2) lack of information about the chemical properties of 
insect blood has prevented the formulation of media of 
similar composition. 

This investigation has therefore been divided into a 
study of the tissues and the chemical requirements of 
growth. Various tissues have been cultured but it has 
been found that the tissues of Bombyx mori (silkworm) 
arc the most suitable; they are large, easily obtainable, and 
the tissues increase in size by cell multiplication. The 
ovaries of fifth instar larvae of B. mori have been used in 
the majority of the experiments. 

Many media have been composed in an attempt to 
simulate the blood of each experimental insect, but 
although il has been possible to keep tissues alive for 
many days (a Periplaneta americana embryo survived for 
58 days in a chemically defined medium) no true growth 
has yet been obtained. During the year, a medium was 
composed at the Laboratory of Insect Pathology, Sault 
Ste Marie, Canada, based on the analysis of the blood of 
the silkworm (B. mori) , and it has been used in this 
laboratory with some success. Large numbers of cells 
migrate from tissues cultured in this medium, and survive 
in a hcaJtby condition for up to two weeks, but then 
growth ceases. Further work in progress involves the 
modification of this basic medium by the addition of vita
mins, sterols, and other compounds which may promote 
growth. 

(h) Leafhopper-borne Diseases of P/ants.-Further 
studies with the wallaby ear disease have shown that it 
may cause fodder losses in subtropical pastures. The host 
range of the disease includes at least nine grasses as well 
as cereals, including rice and grain sorghum. The leaf· 
hopper vector was referred to the U.S.D.A. Bureau of 
Insect Identification in Washington, and it appears to be a 
dfill'erent species from that transmitting virus diseases to 
maize in other eouutries. 

The rugose leaf curl virus disease previously trans· 
mitted experimentally bas now been recorded as a 
serious disease in the field. It has been reported from 
Queensland, New South Wales, and the Australian Capital 
Territory in red clover, white clover, and other legumes. 
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A disease which affected large areas of subterranean 
clover in New South Wales during the autumn of 1955 
was investigated with the co-operation of officers of the 
New South Wales Department of Agriculture. Tests in 
the insectary showed that an aphid-borne virus was 
causing part of the trouble, but in some areas the leaf
hopper-borne lucerne witches' broom virus was also 
present. In addition, it is highly probable that the field 
picture was further confused by the effect of insect toxihs. 

4. POPULATION DYNAMICS. 

(Division of Entomology.) 

(a) Laboralory Studics.- The long-range experiments 
with cultures of Lucilia cuprina subjected to periodically 
fluctuating environments have been continued. A wide 
range of periods of environmental fluctuation were used 
and it was found that in each culture there was a strong 
tendency for the oscillations in population density to take 
over the period of environmental fluctuation, or some 
definite multiple of this. It was further demonstrated that 
the main cause of the violence of popuiation change was 
the delay in the effects of competition within the cultures. 
This illustrates and supports the contention that, although 
lluctuations in the abundance of animals living under 
natural conditions can often be correlated in time with 
periodic climatic cha11gcs, this correlation does not prove 
that climate determines abundance, or even the degree of 
change in abundance. As in the Lucilia cultures, periodic 
environmental change may simply provide part of the 
framework within which the population automatically 
adjusts its density to the prevailing cond.itions by density 
induced variations in the intensity of competition for the 
essential i·ec1uircinehts of the individuals, or iti. the inten
sity of predation, parasitism, or disease. 

( b) Field Slrrdies.- Outbreaks of three psyllid species 
of the gehus Cardiaspina are continuing to damage euca
lyptS in parts of the Canberra district. The species attack· 
ing Eucalyptus blalcelyi is destrbying ao increasing number 
of trees. In the areas 0£ outbreak, Catdiaspina spp. arc 
causing ll progressive dccrea~c in the amount of eucalypt 
foliage present, i.e. in the supply of food and favorable 
space available to them, and thereby arc slowly becoming 
less numerous. 

In much of the district, where Cardiaspina numbers are 
relatively low but increasing progressively, no density 
governing factors have been observed since work began 
three years ago. Elsewhere numbers have fluctuated at 
very low levels of population density. Field experiments 
in one such area of very low numbers suggest that the 
species of Cardiaspina which feeds on E. b/akelyi is under 
density governance there by a species of encyrtid parasite. 

The evidence from other study areas, where Cardia
spina is much more num'erous, indicates that this parasite 
and other encyttids have not been effective in density 
regulation pattly becal1se of pnor synchrbnizatiOh between 
liost occlirtence and parasite attack and partly because of 
liyperpatasites. 

5. LOCUSTS AND GRASSHOPPERS. 

(Division of Entomology.) 

(a) The Australian Pliigue Locust.- Testing of the 
effect of the shrub-planting treatment in selected outbreak 
centres of the Australian plague locust bas been continued 
in the Bogan-Macquarie outbreak area. This treatment 
is designed to reduce the favorability of the outbreak 
aentres for locust multiplication and swarm formation, and 
constitutes a small-scale trial of the control strategy of 
"outbreak prevention ". In previous years the assessment 
of the effect of the treatment on locust density was com
plicated by the presence of migrating swarms and by 
unexpected shifts in the distribution of even the non
swarming population, During 1955-56, very high local 
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rainfall, together With widespread flooding, kept the popu
lai:ion consistently at a low level, but also interfered with 
access to a number of the test areas. In spite of the 
relatively low densities, migration was again a compli
cating factor. It is beginning to appear as though a seden
tary population is the exception rather than the rule, even 
when swarms are absent. 

Preparatory work was continued in connexion with the 
projected Commonwealth-State trial of the control Strategy 
of " outbreak suppression". A patrol officer has been 
appointed by the New South Wales bepartment of Agri• 
culture to keep in touch with locust developments in the 
Bogan-Macquarie and other outbteak areas and to ascer
tain when dangerous densities are developing. At present 
he is familiarizing himself with the terrain and carrying 
out a survey, in co-operation witb C.S.I.R.O., to locate 
the outbreak centres where at a later stage swarms may 
be expected to arise. 

(b) Solitary Grasshoppers.-Field and laboratory work 
has continued OD Plutulacridium viltatum, Brachyexarna 
sp., and Austroicetes pusilla, though Phau/acridium being 
the most abundant was singled out for intensive study. 
During the summer of 1955-56 large populations of 
Pha/4/acridium in the Australian Capital Territory 
ocoi.J.tred only in improved pastures. At a site consisting 
of improved pasture near Hall, Austraiian Capital Terri
toty; intensive studies were made of the survival of 
nymphs, the batching of eggs, and the dispersal of the 
fully-winged and short-winged forms of Pha.ulacridium. 

The unusually heavy rains in summer caused an early 
decline in the numbers of most species of grasshoppers in 
the Australian Capital Tetritory and surrounding parts 
of New South Wales. This was at least partly i.'hie to 
fungal diseases, parasites being relatively unimportant. 
High soil moisture caused by rain-inhibited egg laying 
by surviving females of Phaulacridium though ample 
food was available fot the ttiat\.lfation of large numbers 
of eggs. 

A cytotaxooomfo study on a group of species of 
A ustroicetes has recently been completed in collaboration 
with a cytologist in the Division of Plant Industry. It 
has demonstrated the existence of a distinct species that 
would have remained unrecognizable wjthout a cytological 
analysis. A cytotaxonomic revision of the peculiar group 
of grasshoppers known as the Morabinae is also in 
progress. 

~. PASTURE COCKCHAFERS. 

(Division of Entomology.) 
(a ) The Black Bee1le.-The decline in numbers of the 

black beetle (He1eronychus sanctae-helenae) continued 
during the present year, and in field trial plots that have 
been under regular observation; the species is present only 
at extremely low densities. Continuance of low popula
tion densities is attTibuted to the abnormally wet season; 
very moist soil conditions appear to increase the suscepti
bility of all stages of the insect to bacterial and fungaJ 
diseases. 

( b) Tiie Pruinose Scarab.-This species (Sericesthis 
pminosa) is a pest of turf and pastures in the coastal 
districts in eastern Australia. Extensive trials were carried 
out, using several of the newer insecticides. AldTin 
proved to be oustandihg for the control of the larval 
stages in turf. Under avetage conditions, 1 lb. of aldrin 
per acre, applied as 1: 1000 spray, gave a virtually com
plete control within seven days of treatment. Treatment 
was most effective when applied early in the season, as 
soon as infestations became apparent. Experiments have 
shown that not only does the effectiveness of the insecticide 
decrease ns soil temperatures decline in early winter, but 
that when the h rvae have entered their third and final 
gro~vth stage, they rapidly acquire a marked resistance 
to it. 
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(c) Christmas Beetles.-These insects (Anoplognatlms 
spp.) are the cause of severe defoliation of many species 
of eucalypts. They were extremely abundant during the 
past summer and some earlier studies on their biology 
and host preferences were resumed. 

The nomenclature and classification of these beetles was 
found to be in a very confused state, some species being 
variously known under as many as six different names. 
A revision of the genus was carried out which will enable 
each species to be correctly identified and known under a 
single appropriate name. Stabilization of this kind is 
essential to ensure the validity of observations on the 
biology and ecology of the various species. 

7. P ASTURE CATERPILLARS. 

(Division of Entomology.) 

Investigations have been continued on the distribution, 
ecology, and pest status of Australian cutworms and 
armyworms, many of which cause serious damage to 
pastures and field crops. Attacks occur at irregular 
intervals and observations show that in some seasons 
populations of several quite unrelated species are liable to 
reach pest proportions simultaneously. · Though insecti
cidal control of these pests is often satisfactory, practical 
difficulties arise in applying sprays effectively. The study 
of the ecology of these pests is therefore designed to 
improve our knowledge of the factors which determine 
the seasonal distribution of the moths, the choice of host 
plants, and the number of eggs laid, as well as those 
factors which favour larval, pupal, and moth survival. 
When this information is available it should be possible 
to forecast attacks so as to enable landholders to apply 
insecticides, perhaps on a much reduced scale, before 
serious damage is caused. 

Observations and experiments on Agro/is infusa have 
continued during the year. Very high populations of 
aestivating moths, similar to those recorded in the 1952-53 
summer, were again present at Mount Gingera, Australian 
Capital Territory. On both occasions larval populations 
were very high in the preceding winter and spring, 
causing economic losses in some areas. An experimental 
study of the factors which influence migration and adult 
diapause in this species is in progress. 

8. RED-LEGGED EARTH MITE AND LUCERNE FLEA. 

(Division of Entomology.) 

(a) insecticide Experiments.-Experiments during 
1955 resulted in a change in the recommendation for 
treatment against these pests. It has now been shown 
that a mixture of malathion and DDT at rates of t oz. 
plus 1 oz. active ingredient per acre respectively will 
achieve a good control of both pests. Residual action 
against the luccrne flea is negligible but the DDT will 
ensure some residual control of the earth mite. The 
toxicity of this mixture to mammals is very low and 
the cost is also considerably lower than the previously 
recommended mixture of parathion and DDT. In view 
of these results tests with contact insecticides have now 
been discontinued. 

Preliminary pot trials with several systemic insecticides 
indicate that soaking the seed of subterranean clover in 
some of these materials will give rise to seedlings toxic 
to the earth mite. 

(b) Populatio11 Studies.-A preliminary analysis of the 
results of three years' observations on two selected areas 
of pasture has yielded some interesting information on the 
regulation of population density in both the lucernc flea 
and the red-legged earth mite. Local populations which 
are dense at the beginning of the season have declined 
rapidly at the end of the season or the beginning of the 
following season, and initially sparse populations have 
increased equally rapidly. Populations over large areas 
are thus made up of a great number of local populations, 
some of which are declining and some increasing. There 

are also indications, particularly from experiments using 
specific insecticides, that, as well as intraspecific competi
tion within each species, there is interspecific competition 
for some requisite between the earth mite and the lucerne 
flea. 

A comparison of the two study areas suggests that the 
effect of the predatory bdellid mites on the lucerne flea 
is to iocrease the rate of decline of a population and to 
delay the subsequent build-up. 

(c) Physiological Studies.-Furtber studies of the 
winter and over-summering eggs of the red-legged earth 
mite have shown that the special over-summering eggs 
are developed as a result chiefly of rising temperatures 
in the spring. The maintenance of adequate moisture and 
short day-length failed to prevent or delay the develop
ment of these eggs in the field. Consequently, they 
appear at an earlier date in the warmer areas than in the 
cooler areas of Western Australia. These eggs cannot 
resume normal development, even when adequate moisture 
is supplied, until they have received a period of exposure 
to high temperatures, the period required being shortest 
at between 60 and 70° C. 

9. CATTLE ncK. 

(Division of Entomology.) 

This work is reported in Chapter VIII. , Section 5. 

10. SHEEP BLOWFLY. 

(Division of Entomology.) 

This work is reported in Chapter Vil., Section 21. 

11. INSECT PESTS OF STORED PRODUCTS. 

(Division of Entomology.) 

Further investigations into air-tight storage of grain have 
been carried out. In the laboratory a study of the effects 
of the method on the large strain of the rice weevil _ 
Calandra oryzac has been made. 

In the field the practicability of applying the principle to 
existing country silos bas been examined. As the sealing 
of the interior surface of the bin walls would be a costly 
operation, the effects of sealing the top and bottom only 
of a bin have been examined. With the co-operation of 
the New South Wales Grain Elevators Board, a small bin 
in a country silo was sel~cted, and, after sealing the open 
mouth and the hopper, the diffusion rate of oxygen through 
the concrete walls was measured. Full results are not yet 
known but it appears possible that simple sealing of this 
nature may serve a useful purpose, especially as the vast 
majority of existing silo bins are of much larger capacity 
and thus possess more favorable volume to surface ratios. 

During the year the D ivision's assistance was sought by 
the D epartment of Primary Industry and the new South 
Wales Flour Millers' Council, owing to the incidence of 
insect infestation on bags of export flour. Insect pests 
were causing rejection of the flour at Australian ports of 
loading as well as complaints from overseas markets. An 
investigation is in progress to determine the source of the 
insects. The wheat, the flour mills, the bags, and the trans
port involved are all possible sources and all are being 
examined. 

12. BIOLOGICAL CONTROL. 

(Division of Entomology.) 

(a) Weed Problems.- (i) St. John's Wort (Hypericum 
perforatum):-Furthcr distributions of the chrysomelid 
beetles, mamly Chrysomela quadrigemina were made in 
several districts of New South Wales. The 

1

areas concerned 
were mostly in the southern half of the State, but one was 
as far north as Kootingal. 

A new liberation of the gall-Ay Zeuxidiplosis giardi was 
made at Garland, New South Wales. Colonies at Myrtle
ford and Bright in Victoria, liberated in 1954 and 1955 
respectively, are making satisfactory progress. 
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( ii) Ragwort (Scnecio jacobaea) .- During the year an 
introduction of Euclie/ia (Tyria) jacobaeae was made from 
England and Italy to combat this weed in the Gippsland 
and Otway areas of Victoria. Some success was obtained 
in overcoming diapause in the introduced pupae by expos
ing them to low temperatures. 

During the flowering season of ragwort, all stages of 
E. jacobaeae were liberated in Gippsland. Field studies 
were made on the insect's biology, its acclimatization, and 
native enemies. In spite of high mortality of the larvae 
in the field from wilt and fungal disease, several thousands 
reached the pupal stage, thus securing a colony for the 
coming season. 

(iii) Lamana ( Lamana camara) .-Food tests on a 
number of Jnntana insects are being carried out in Hawaii 
by the Department of Public Lands of Queensland in 
consultation with C.S.I.R.O. The project is jointly financed 
by the Department a nd C.SJ.R.O. 

(b) Insect Proble111s.-(i) Pests of Cr11cifers.-At the 
Dickson Experiment Farm during the last two years, cab
bages grown on experimental plots without the use of any 
insecticides suffered little damage from Piute/la or Pieris 
and, when mature, receive quite satisfactory ratings for 
marketability. During the last year, cabbage crops grown 
at the Farm received either no insecticidal treatment, or 
one or more applications of lead arsenate. Nearly all 
plots provided a high proportion of sound marketable 
cabbages, but one or two applications of lead arsenate 
during the growth of the crop helped to reduce insect 
damage to a low level. No insecticidal treatment was 
applied for Brevicoryne brassicae, which caused no signi
ficant damage although it is generally a serious pest of 
crucifers. It appears that the absence of persistent insecti
cides (such as DDT) on these plots has permitted the para
site Diaeretus rapae and other natural enemies to control 
this aphid very efficiently. 

(ii) Green Vegetable Bug (Nezara viridula).-M icro
plzanurus basnlis (\Vest Indian strain) and Ooencyrtus 
s11bmetallic11s continued to be liberated widely in collabora
tion with the Departments of Agriculture of most of the 
mainland States. A study has been made of the effects-of 
competition for hosts between M. basalis and 0. submetal
licus. Further investigations have been made into the 
extent of parasitism of the eggs of Nezara viridu la, and 
the status of the native parasites bred from the eggs. 

(iii) B row11 Vegetable Weevil (Listroderes obliquus) .
Preliminary work has begun wi th this species. 

(iv) Q11ee11sla11d Fmit Fly (Strumeta tryoni) .- The 
trapping of adult fruit flies and the collection of fruit 
samples from areas where insecticides arc not used was 
expanded during the year, the object being to increase the 
efficiency of assessing the effect of introduced parasites 
later on. The grea test activity occurred from early 
January to late April. Sampling results confirm that fruit 
fly populations are virtually unaffected by endoparasitic in
sects and that the native Opius tryoui is practically the only 
fruit fly parasite present. 

For the first time, small numbers of Opi11s longicaudatus 
(imported from Hawaii in 1953) which lays its eggs in 
well-grown fruit fly larvae, were liberated in the Sydney 
area. Some recoveries were made but it cannot yet be said 
that the species is established. Another parasite, 0. 
oophilus, which lays its eggs in the fruit fly eggs, is difficult 
to rear in the laboratory, but the technique has been im
proved and for the fi rst time the species has been bred 
through in the laboratory from flies received from Hawaii 
early in 1956. 

(v) Wax Scales.- A consignment of Anicetus beneficus, 
an effective enemy of p ink wax scale (C. rnbens), has been 
received from Japan for experimental purposes, but it did 
not prove possible to establish a culture of these wasps. 
The establishment of host plants and colonies of pink wax 
scale and white wax scale ( C. destructor) is in progress, 
preparatory to the introduction of parasites. 

(vi) Aphid Parasite and Predator Studies.- Tbe 
evaluation of the aphid fauna of Australia ( there are about 
80 species recorded) and of their insect parasites and 
predators has been continued. The efficiency of the 
many primary parasites present is seriously impaired by 
the presence of hyperparasites belonging to the Cynipoidea, 
Chalcidoidea, and Proctotrupoidea. There are several pre
dators of some importance. 

13. TERMITES AND OTHER Wooo-OESTROYfNO INSECTS. 

(Division of Entomology.) 
(a) Termite l nvestigations.-The standard laboratory 

testing technique using colonies of either Nasutitermes 
exitiosus or Coptotermes lacteus has been used to deter
mine the termite resistance of a variety of materials. 
Interim results on the third group of commercial timbers 
indicate that these timbers may be arranged in the follow
ing order of decreasing resistance: Eucalyptus rostrata, 
E. propiuqua, E. p11nctata, E. salig11a, E. eugenioides, E. 
sieberia11a. Plastics which appear to have a high resist
ance to termite attack include polystyrene, unsaturated 
polyesters, cpoxylines, and phenolic laminates. Plastics 
such as polyvinyl chloride and cellulose acetate, although 
resistant in the rigid and unplasticized condition, become 
susceptible when plasticized. New Jiclu tests installed 
during the year included a series of samples of polythene 
and polyvinyl chloride containing small quantities of 
insecticides such as aldrin, dieldrin. and lindane. 

Observations have been continued on soil treatments for 
termite control. Against N. exi1ios11s near Canberra and 
Coptotermes frenchi, Heterotermes ferox, and Microcero
temus sp. in the Riverina, DDT. chlordane. creosote, and 
pentachlorphenol have all given complete protection so far 
for periods varying bet\veen two and six years. In con
junction with officers of the Wildli(e Survey Section, a 
second survey was made to complete the study of the 
distribution, biology, and economic importance of the 
genus Coptotermes in south-western Australia. 

(b) Termites in Forest Trees.-The termite Porotermes 
adw11so11i is a major pest of commcrci~ll hardwood forests 
in the alpine regions of New South Wales and Victoria. 
Studies of the root systems of six infested trees, felled for 
mill logs, showed that 48 of the 90 large roots radfating 
from the stumps contained termite galleries. The termites 
made galleries in and adjacent to the roots for distances 
of up to 29 feet from the stump. The galleries outside 
the roots were associated \\ith moist ground, and no 
evidence was obtained that this termite obtained an entry 
into trees via the roots or spread from tree to tree by this 
means. 

( c) Lyctus l nvcstigations.-In co-operation with the 
Division of Forest Products and the Queensland Forest 
Service a second survey is being conducted on the suscep
tibility to Lyctus attack of a number of Queensland 
timbers. 

In co-operation with the Division of Forest Products a 
study is in progress on the relative efficiency and per
sistence of various surface treatments for the prevention 
of Lyc111s attack. All treatments were effective imme
diately on application, and are now being tested again 
after six months' indoor weathering. 

14. ANT INVESTIGATIONS. 

(Division of Entomology.) 
. (a) Meat Ants.- A large-scale experiment was set up 
111 Novembe r, 1954, to compare the more promising insec
ticides for the control of meat ant colonies, and to study 
the persistence of these insecticides in preventing ants 
from neighbouring colonies from occupying the treated 
nest sites. 

Fourteen months after treatment dusts and sprays con
taining dieldrin and chlordane have been found com
pletely effective. 



-
{b) Argentine A nt.-T he eradication campaign in 

Sydney, .ln co-operation with the New South Wales 
Department of ~griculture and local government bodies, 
was continued during the year. All known infestations 
were trc;:ated before the summer months, but; resulting 
from public co-operation in a reward system for locating 
new infestations, a total of 40 new infestations were dis
covered during late summer. Infestations were found for 
the first time on the north side of the Parramatta River 
at Manly and Rydalmere. All new areas were under 20 
acre§. 

In a check survey dut'ing Februaty-Aptil, 1956, 45 out 
of 51 treated areas were free of ants. Most colonies 
formed were small and the occurrence of odd colonies of 
ants in treated areas is receiving special attention. 

Ifl Victoria an experiment just concluded has shown 
that sprays contaihlhg 0.5 per cent. dieldrin ot 2 per 
cent. chloidaae are just as effective under Victorian 
conditions as they have proved to be iri Perth and Sydney. 

15. lNSECTlC!DE iNVEST10ATlON S. 

(Division of Entomology. ) 

Strains of house flies which bad previously been shown 
to be resistant to DDT, as a result of selection with DDT 
ot for sfow rate of pre-adult development, have shoWh 
little or no evidence of resistance to BHC, diazihon, 
allethrit11 and sodium arsenite. It has been demonstrated 
that the DDT-syncrgist, D MC, potentintes tbe action of 
DDT on all of the resistant strains examined. This sug
gests that the st rains have a common mechanism of resist
ance, namely, the ability to detoxify DDT enzymatically, 
but preliminary attempts to demonstrate the presence of ~ 
dehydrochlorioa ting enzyme were inconclusive. 
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An examination was carried out on the insecticidal 
activity of a series of seven chelated rnetal salts (complex 
ion~ ) prepared at the Chemistry School of the U niversity 
of -Sydney. These cornpotmds covered a range of ionic 
charge, water a nd lipid solubility, and in vitro action on 
m~mmalian enzymes, but although in experiments by the 
Division of Animal Health and Production some of them 
had proved highly toxic when injected interperitoneally 
into mammals, all were found to be low in toxicity to 
insects treated either externally or by injection. 

Some p rogress has beet! made With insecticidal tests on 
compounds extracted from various species of ants of the 
genus lrido1nyrn1ex. The exu·actiori and chemical iden
tifications of these compounds is beu1g investigated by tlie 
School of Applied Chemistry of the New South Wales 
University of Technology. 

16. TAXONOMY. 

( Divisiod of Entomology.) 

A simple reqLiest for the identi1ication of an insect 
specimen frequently causes considerable embarrassment 
to an Austral ian taxonomist. When be examines th~ 
coUectiOfis available to Jljm he may find t l:lat the.re ate no 
named specimens of the species concerned. A search of 
the literature still leaves him in doubt and even if he can 
tel1tatively suggest a speclt!s he cannot easily cdnfirm it 
because the type ' of that species is probably in a Euro
pean museum. Almost invariably he is forced to the con
clusion that the whole group, perhaps a whole family, 
needs thorough study before anybody can identify any 
species ia il with certainty. 

All of those whose work is in the field of insect ecology 
encounter this problem sooner or later. In order to 
establish which insects they are studying, they must endea
vour to find speciaHsts somewhere in the worid who will 
undertake revis ions of their groups, or else they must do 
the work themselves, u sually as a sideline to their main 
project. Often they find the task far greater than they 
expected and so the sideline tends to absorb more and 
more time. 

Some of the ecologists in the Division are more fortuh
ate than others in that there are workers e lsewhere who 
will undertake the necessary revision for them: for 
example, the grasshoppers are being studied by an 
American taxonomist; the parasitic wasps of the Braconi
dae and Ichneumonidae by a New Zealander; the leaf
boppers traiismitting plant viruses by another American 
and aa Australian; the bdellid mites, predators of the red
legged earth mite, by a taxonomist in Adelaide; and the 
ants by Ai.lstralian and American specialists. Within the 
Division, however, taxonomic studies are being made on 
certain of the scarabaeoidea (the Dynastine and the 
Christmas beetles) in connexion with ecological work on 
cockchafers affecting pastures and trees; the termites; the 
Tortricidae (a family of moths which includes many 
important pests); and Agro/is spp. (cutworms of pastures 
and field crops). Two officers are working almost full 
time on t>vo large and very important groups, viz. the 
Diptera (flies) and the Chalcidoidea, which is the major 
group of parasitic wasps. 

three valuable enton1t>logical collections wete acquired 
by the Division <l uting the year. These were the extensive 
collection of New Guinea butterflies and moths, ~iven to 
the Commonwealth Government by Sir Edward 
Hallstrom; the moth collection of the late Commander 
L. H. Mosse~Robinson (donated by his wlfe); and the lilit 
collection of the late Mr. John Clark, who was the Aus
traiiati authority on this group. 

X. WILDLIFE. 

1. GENERAL. 

ln every country in the wodd mammals and birds, both 
native and introduced, affect primary production and 
other human activities in a variety of ways. Ia Australia, 
what may conveniently be termed wildlife problems range 
from that of the rabbit, the country's mos t serious pesl, 
to the m utton bird, on which a small but valuable local 
io.dustry depends. Kangaroos, possums, and wild ducks 
and geese of various species may be pests at various times 
and in parts of their range1 while calling for conservatioh 
elsewhere beca\tse of their economic value or their 
importance as game. To deal with wildlife problems that 
calJed urgentiy for solution or merited scientific study for 
other reasons, the Organization established its Wildlife 
Suh•ey Section in 1949. 

Jn many of its investigations the Section tlepends 
materially on collaboration with State Departments, with 
Universities (particularly the Australian National Univer
sity); and with other branches of the Organization, while 
most of its field work would be impossible without the 
assistant:e of individual land-holders. 

Wildlife Survey Section.-The Section has established 
close relations with the Antar ctic Division of the Depart· 
mebt of E5-ternal Affairs, and has taken on a consultan t 
and advisory role in connexion with the biological reseafc:1 
carric(~ ?ut by [he Australian National Antarctic Research 
Exped1t1ons. A member of the Section's staff h as been 
seeonde~ to the Antarcti~ Division to carry out biological 
observations at Macquarie Island during 1956. 

2. RABBIT lNVESt lOATtONS. 

(Wildlife Survey Section.) 

(a) Myxomatosis.-Very few spectacula r and \.Vide
srr~ad oi:t~reaks of myxomatosis have been r eported 
ounng 19:>:>-561 ?ut many areas in south-eastern Australia 
h~ve now experienced five successive outbreaks of the 
disease and. t?c general level of rabbi t populations appear!; 
to be remammg very low. 



The jn,ve~tigatiOQ§ f!)ll into three main categories-
(i) regional surveys carried out to assess the seasonal 

performance of the disease and to collect 
information that might explain the local 
variations; 

(ii) intensive investigations into the ecology and 
behaviour of insect vectors; 

(iii) work on variant strains of the disease. 

Detailed observations on the epidemiology of myxo
matosis have been continued in four regions: the Mallec 
and Wimmera districts of north-western Victoria; and in 
J'.lew Soulh Wales, the eastern Riveri11a area, the New 
Engl11nc.J TabJeland in the north, anc! the South Coast, 
Southern Tablel;mds area. Studies in these regions 
i11dic~te that generally the amount and distribution of 
rciinfall are closely correlated with the development of 
myicornatosis epiclernics. These investigations are provid
ing useful data f9r planning tactical field inoculations with 
virqs. 
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lI\ north-western Victoria Anopheles annulipes, Culex 
pipiens cws(ralicus, and Culex annl{lirostris are the 
imm>rtant nwsquito vectors. In dry years the dams for 
stock and domestic water supply throughout this area 
provii:Je the main vector breeding areas, and these reach 
t!:ipir peak production in January, so that in such years 
inoculation of rabbits should take place in early January; 
wflereas, in wet years, when vectors are being produced 
jn natural water-filled depressions, inoculation will produce 
the best overall result if carried out in early to mi<l
Qctober. 

In the eastern Riverina, studies in three areas to explain 
the differences in disease performance from season to 
season and habitat to habitat have been concluded. Here 
again these differences are ii reflectiop of the response 
of the habitats aqd vectors to ratJifall distribution. The 
mosquitoes A. annulipes and C. ann1-1lirQ~tris <1re tpe 
i111portant vectors, their relative importagce varying 
ac~orcling to tbe season. In tbe eastem Riverioa tber~ 
have been annual outbreaks of n1yxomatosil! since 1951, 
and it seerqs likely tqat only under yery dry conditions will 
myxomatosis fail to cause appreci<1ble 1portality amongst 
rabbits. 

On the New Engl11nd Tableland, a close correlatipq 
between the developP1~nt Qf yectqr pqp11l~tions anq thq 
seasonal rainfall has been observed. Intensive studies iq 
three areas on the tableland ranging from 2,500 to 
5,000 ft. altitude are de&igned to determine how :lllch 
differences affect vector abundance and <1ctivity. 

In the South Coast-Southern Tablelands area of New 
South Wales investigations have been c9-otinued at Jyferri
cumbcne and Colo· Vale. At the~e centres t!w vector 
pi9tl!re ·is much less clein·-cut than 41 t)le Riverina country 
to the west. Durio& 1954-55 and 1955-5() tQe peal~ of 
the myxomatosis epidemic occl!n-ed in ef!rlY autµmu, even 
a!Umugh seasonal ~oµditi9n~, rabbit qensity, and mosquito 
populations were markedly different. This phenomepon 
of regular autumn incidence i~ bein,g inye&tigcited in 
co-operation ' with entomolozjsts fro!XI !'1e SchooJ of PuJ:ilii; 
Health and Tropical Medicjn~1 Sydney. Advice ancj 
co-operation ]lave also been provided PY the Divlsion of 
Meteorological Physics, Commonwealth Scientific and 
Industrial Research Organization. 

The development of rabbits genetically resistant to 
myxomatosi~ tias been observed in a series of tests fo r 
which material was supplied to the Department of Micro
biology, Australian National University. After each 
yeilr~y outbreal} of the disease at Lake Urana, kitten 
progeny of the surviving rabbits have been caught, reared 
(Q four !JlOntbs in lhe laborf!tory, and challenged with a 
standard dose of virus. There bas been a marked fall in 
tl:ip w~rt;ili ty rM~ jlnd observations are being continued. 

The " interference " of one strain of myxomatosis with 
another was studied in wild rabbits under laboratory con
ditions. Several combinations of highly virulent and 

llttenuated strains were tested. Results to date suggest 
that protection from virulent strains by prior or simuJ
tameous inoculation with an attenuated strain is due to the 
earlier prod1-1ctiou of a12tib9dy by ~he Jess virulent strain, 
lmt fvrtber tests will b~ carried out to exclude otber 
pgssibilitie.s. L:}boratory-brecj n~bbits will be used, as 
g~pcJic variatii;ms il'l the resistance of populations of wild 
rabbits after successive myxomatosis epidemics preclude 
the standardizing of tests. 

(b) Rabbit Biology and Ecology,-A small trial was 
carried out to see whether discrete rabbit populations 
could be maintained, handled, and sampled under reason
ably natural conditions in small enclosures. 'This appears 
to be possible and opens the way for experimental 
manipulation of populations, especially that designed to 
me_asure the population response to control measures of 
various kind~. 

An investigation of rabbit breeding in three climatically 
c.Jissimilar areas in N~w Soµth Wales has continued, and 
an ~nalysis of the data in relation to environmental factors 
is now being made. Parallel observations on rabbit breed
ing seasons in the very different climatic setting of 
Macquarie Island are being made by the member of the 
Section working there. 

In co-operation with the Tasmanian Department of 
Agriculture a survey has been commenced in a district in 
the north-east of the State to assess for a number of 
properties the long-term effect on rabbit populations and 
productivity of the c9ntrol methods used in that area. At 
preseqt these are baseq on the la:tge-scale use of " 1080 •· 
poison. • 

3. KANGAROO l NVESTIGAT\Ol'{S. 

(Wildlife Survey Section.) 

This work is being done at the Woodstock Field Station, 
situated between Port Hedl~d and Marble Bar in north
western Australia. In this area the hill kangaroo or euro 
(Macropus robustus) is a serious problem. Tb~ biological 
investigations are designed to provjde a basis for an 
improved strategy of control. 

Movements and drinkip.& habits have been ;itudied to 
obtain data essential for the success of a control campaign 
using poisoned water. Euros were narcotized after drink
ing a weak solution of chloral hydrate, and were individu
ally marked with plastic collars carrying combinations of 
symbols cut from refle~tiv~ tape. By using a spotlight 
il'P.9 bip9cuiar11 ~e animals could be observed at night. 

Attempts have been inl\de to estimate euro density 'Qy 
re¥:Ulflr si&bt ~ounts, and by using automatic counters, 
mQstly mecbapical, at w<1teritlg pl<1,ces. One electrical 
counter recors:{ed th\! ti111e and Of\te wheq a kangiiroo 
drank, while an electronic device detected all kang<1roos 
passing close to an antenna as they went to water. 

4. MARSUPIAL SURVEY, NEW SOUTH WALES. 

(Wildlife Survey Section.) 

A survey of tl)e distribution and abundance of marsii
pials in New South Wales has been undertaken. The 
information will be of assistance in planning the control of 
pest species and will fllso indicate a course of action to 
conserve the rarer species. Results to date indicate ex.ten
siQns of the known rang~ of some species, while a great 
shrinkage has been noticed in the range of the rarer 
species. 

5. Qµoipu. STUDIES, 

(Wildlife Survey Section.) 

The study of the population of the quokka, Setoni;it; 
b,rachyurus, on Rottpest Island, Western Australia, con
tinued. D uring winter more than 700 quokkas were 
caught and marked, over a~ wide an area of the island 
as possible! in the hope that they would be ~icked µp ip. 
tbe following summer at the focal points provided by 
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several soaks where long-net sampling and census taking 
were tried. Preliminary analyses indicate that this 
sampling technique can be applied to census quokkas. 

Nearly 2,500 quokkas have been individually marked 
and have been recaptured a total of 4,000 times. Routine 
data have been obtained on breeding, growth, and condi
tion, and a study was made of drinking behaviour at the 
soaks. 

6. B IRD B ANDING. 

(Wildlife Survey Section.) 

The number of banders now enrolled is 49 and the 
3cale of operations bas increased considerably. The tota l 
of nearly 9,907 birds banded during the past year includes 
4,500 silver gulls, Larus novae-lwllandiae, and 1,750 
crested terns, Stcrna bcrgii- a co-operative effort by 
members of the Section and amateur ornithologists. 
Public interest in this study is shown by the fact that more 
than 50 gull bands have been returned, as well as useful 
observations made of colour-banded birds. Banding has 
played an important part in ibis and duck investigations. 

At Macquarie Island, members of the Australian 
National Antarctic Research Expedition have banded 
1,030 birds. The most interesting recoveries have been 
young giant petrels, Macronectes giganteus, which have 
reached Australia, New Zealand, South Africa, and Chile. 

7. WILD DUCK INVESTIGATIONS. 

(Wildlife Survey Section.) 

The study o( the economics of wild ducks in irrigation 
areas of New South Wales was completed, with the 
general conclusion that wild ducks, on the whole, are 
very minor pests of rice-growing. Damage is done only 
in exceptional years and then it is usually slight. The 
maned goose or wood <luck, Chenonetta jubata, is more 
capable of damaging crops than the river ducks, but even 
this species, in most years, is not a serious hazard to 
growers. Studies of the feeding habits of wild ducks in 
much of inland New South W ales were concluded and 
are being preparcu for publication. The breeding cycle of 
the birds was also studied, and the evidence suggests that 
breeding is directly stimulated by a rising water level in 
the rivers. 

8. MAGPIE Goose lNvESTIOATIONs. 

(Wildlife Survey Section.) 

At the request of the Department of Territories a study 
of the magpie goose, Anseranas semipalmata, in the 
Northern Territory was initiated and the area visited four 
times. The aim of the work is to study the goose in rela
tion to its possible effect on the development of rice
growing in the area. 

9. MUTTON-BTRD lNVESTIOATJONS. 

(Wildlife Survey Section.) 

The joint investigations with the Tasmania Animals and 
Birds P rotection Board of the economic biology of the 
mutton-bird, Pu/finus te1111irostris, in the Furneaux Group, 
Bass Strait, comprised two periods of field work, in 
November-December and in March. 

At Fisher Island the discovery was made of a breeding 
bird which had been born on the island six: years pre
viously. This is the first record of the breeding of a bird 
reared on the island, although many such birds, including 
this one, have been recorded in previous years on Fisher 
Tsland as non-breeding prospectors. It thus appears that 
this species has a lengthy period of immaturity. During 
the year, three birds banded as fledglings in the Furneaux 
Group !n 1955 were re~overed outside the breeding area 
-two 10 the north Pacific and the other in New South 
Wales. These recoveries will help to develop the picture 
of the bird's migratory routes and habi ts. 

J 11 the " Lincoln Index " studies, designed to assess tbe 
effect of commercial harvesting on the mutton-bird popula
tion, 1,350 young birds were banded on the commercial 
islands before the season opened. This was considerably 
less than in previous years and was due to heavy 
unseasonal summer rains which had a catastrophic effect 
on the breeding success on all but one of the commercial 
islands. 

J 0. J UIS }NVESTIGAT IONS. 

(Wildlife Survey Section.) 

The study of breeding in relation to weather, water 
conditions, and food has continued. T he unusually wet 
year has demonstrated the ability of ibises to breed at 
all seasons, and nesting has been in progress, with hardly 
a break, somewhere in southern Queensland, throughout 
New South Wales, or along the Murray. The onset of 
breeding is slimulated mainly by changes of flood-water 
level, clearly shown in south-western Queensland when 
local rains were not involved, rather than by other weather 
factors or even by increased food supply. Other aspects 
of breeding, such as parent-young relationships and feed
ing of young, received some attention. 

The first stage in the analysis of food samples has been 
completed. Insects and other pests feature more pro
minently in the food of the straw-necked ibis, Threskiornis 
spinico/lis, than in the white ibis, T. molucca, which prefers 
aquatic material. A consideration of the relative numbers 
and distribution of ibises in relation to grasshoppers 
leads to the conclusion that their value in controlling 
swarms must be negligible. 

11. MAGPIE STuDY. 

(Wildlife Survey Section.) 

T he search for a species of bird which would lend itself 
to a long-term study of the factors regulating population 
density focused .finally on the black-backed magpie, 
Gymnorhina tibicen. An area of almost 5 square miles 
was mapped in detail, and half of this, centring on 
Gungahlin, the Section's bead-quarters, is the area of 
intensive study where most (124 out of 142) resident 
magpies have been colour-banded and are counted every 
l wo months or so. All 87 nestlings in the area were 
banded during the 1955 season, and much breeding data 
collected. 

T he social organization of this species, throughout the. 
ye3:1' with no alteration during breeding, into strictly terri
torial groups of two to eight individuaJs of varying age/ 
sex distribution is now clear. Its sedentary habit is well 
established, even in the case of young birds which remain 
on~ or two years, possibly sometimes permanently, with 
the1r parents in the territory of their birth. The suitable 
habitat with adequate tree cover and other requirements 
~s parce!led completely into t~rritories, but open country 
1s occupied by large non-breeding flocks which also appear 
10 be relatively sedentary. 

Weather data and habitat changes are being recorded 
and samples of food taken by magpies arc collected t~ 
determine which biological and physical factors 0-:erit 
close attention as being important in population regulation. 

XL UNDERDEVELOPED REGIONS. 

l. GENERAL. 

·1~he normal processes of exploration and pioneer occu
pation. have resulted in the rural settlement of most 
accessible and easily developed parts of Australia. There 
are .. ho~ever .. large portions of the conlinent and the 
Temt~nes which are underdeveloped or only very sparsely 
occupied, .by reason of low rainfall, poor soils, sparse 
pastures, inadequate water, and greiH distances from 
ccn1 res of dense population. 
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It is essential to underswod the problems of these 
areas and where possible to solve them, so that either new 
developments can take place or the present level of 
production can be protected from unwise exploitation. 

In J 946, the former Council for Scientific and Industrial 
Research was requested to initiate a series of lnnd surveys 
of underdeveloped regions in order that the development 
potential might be more accurately assessed. Jn con
sequence, the Northern Australian Regional Survey, estab
lished and expanded Inter as the Organization's Land 
Research and Regional Survey Section. was organized to 
conduct these regional surveys. 

Whilst the work of the Land Research and Regional 
Survey Section is thus concerned with the sparsely popu
lated arid and semi-arid regions of the continent, much 
complementary work is carried out by other Divisions of 
the Organization on the development of low-producing 
areas in the Jess isolated regions. The D ivision of Bio
chemistry and Generiil Nutrition is investigating problems 
of plant and animal nutrition on the Coonalpyn D owns 
in South A ustralia (see Chapter Vl., Section 11), the 
Division of Animal Health and Production is breeding 
cattle at " Belmont ", Rockhampton, Queensland (see 
Chapter V., Section 9), the Plant and Soils Laboratory is 
studying the wallum country in eastern Queensland (see 
Chapter III., Section 21), and the Division of Soils is 
making soil surveys throughout the Commonwealth (see 
Chapter TI.). Allied work is also carried out by the 
Division of Plant Industry on plant and pasture ecology at 
Trangie, New South Wales, south-eastern Queensland, and 
elsewhere (see Chapter JU .). 

Land Research and Regional Survey Sectio11.-The 
Section has its head-quarters at Canberra and field stations 
at Katherine, Northern Territory, Tvanhoe (Kimberley, 
Western Australia), and Alice Springs. Northern Territory. 
The Section is concerned with: (1) the survey and mapping 
of large underdeveloped regions and the primary assess
ment of land-use potential; (2) research into problems of 
agricultural and pastoral development in selected portions 
of those regions; (3) climatological studies; and (4) 
research into land-use problems of the arid and semi
arid zones of Australia. 

In addition to these specific fields of research, the 
Section is closely associated by representation on technica: 
committees with experiments with rice-growing and other 
projects in the Northern Territory and with tropic:1l 
pasture work in Queensland. 

An officer of the Climatology Unit spent most of the 
year overseas. Part of this time was spent visiting 
climatology research centres in vnrious countries and 
part working at the University of Nottingham and at Duke 
University, North Carolina. 

T he Officer-in-charge of the Section was ab~ent in 1955 
on a six months' tour overseas. The primary purpose 
of the visit was to study arid land problems in the United 
States but opportunity was also taken to visit mechanized 
rice development schemes in British Guiana and Surinam 
and also to recruit staff in the United Kingdom, Holland, 
and Germany. Visits were also made to nrid areas of 
Israel and Pakistan. H e later paid ::i brief visit to Syria 
at the invitation of U.N.E.S.C.0. A·id Zone Committee 
to advise U.N.E.S.C.0. and the Syrian authorities on th~ 
organization of an integrated pilot survey of an arid 
area along the lines developed by the Section. 

During August the Mainland Survey Uni1 conducted 
a special tour of arid zone areas for Professor F. W. Went. 
a visiting plant physiologist from the Earhart Labora
tories, California Institute of Technology. and oUiccrs of 
the Division of Plant Industry. The tour commenced 
at Rockhampton Downs on the Barkly T ableland am! 
ended nt Oodnadatta in South Austral ia. lt thus traversed 
from the summer rainfall area through the central area 
of unreliable or erratic rainfall to the winter rainfall area. 
A short visit was made to the edge of the Simpson D esert. 

In his capacity of Arid Zone Research Liaison Officer, 
1bc Officer-in-charge of the Section visited the Wiluna
Meek:Jtharra area in November with an officer of the 
Division of Plant Industry and officers of the Western 
Australiun Department of Agriculture, and reported on the 
area and its problems. The visit arose from a request 
by the D irector of Agriculture, Western Australia, for 
C.S.l. R.O. participation in research activities in the Mur
chison arcu, with the possibility of a co-operative centre 
at Wiluna. lt wa~ recommended that a comprehensive 
survey should be conducted by the Section and that 
following the survey new ecological and hydrological 
studies should be initiated. 

2. REGIONAL SuRVEYS. 

(Land Research and Regional Survey Section.) 

The two regional survey units of the section have 
continued operations, one on the mainland of Australia 
aod one in the Territories of Papua and New Guinea. 
The first unit has been in operation in northern Australia 
since 1946 and has completed surveys of the following 
areas: Katherine-Darwin (27,000 square miles). Barkly 
(120,000 square miles), Townsville-Bowen (6,000 square 
miles), Ord-Victoria (70,000 square miles), Leichhardt
Gilbert (110,000 square miles). North Kimberley (34,000 
square miles), and Georgina Poison Co:mtry (25,000 
square miles). The New Guinea unit was established in 
J 953 and has completed surveys of the Buna-Kokoda 
Arca (2,500 square miles), and the Wanigela-Cape Vogel 
Area (l ,600 square miles). 

The mafo function of each unit is to classify and map 
the lands according to surface characteristics of importance 
in the determination of land-use potential. The second is 
to make the best possible assessment of each type of 
country mapped. The surveys provide a basis of facts 
necessary for the formulation of policies concerning land 
development or conservation. 

(a) Australian Mainland Survey Unit.-(i) Georgina 
Poison Area.-The survey team carried out further field 
work in the Georgina Poison Area which lies to the west 
of Dajarra, western Queensland, and extends some 100 
miles into the Northern Territory. The objective was 
to examine the environment (rock, land surface, soil, 
vegetation) in relation to the known occurrence of 
poisonous and safe gidgee (Acacia georginae) and to 
undertake the normal regional assessment and mapping. 
Officers of the Animal Industry Division of the Northern 
Territory Administration and of the Queensland Depart
ment of Agriculture and Stock co-operated with the 
survey team in 1his project. 

lt was fo~1mJ that there was no clear regional correla
i ion between edaphic conditions and occurrence of 
poisonous gidgcc. However, except for one known 
poison nrea near Ardmore. Queensland. all of the known 
and suspected poison country is associated with pre
Ca mbria n dolomites or younger rocks that are probably 
at Jeas1 partly derived from pre-Cambrian dolomites, but 
there are also large areas of pre-Cambrian dolomites with 
gidgee that is not poisonous. 

A1 the preseot lime there does not seem to be any further 
scope for field ecological studies in relation to the problem. 
However. it is hoped that chemical work being undertaken 
by the Animal Industry D ivision of the Northern Territory 
Administration will further define the prohlem. and 
fu rther ecological studies may be necessary at a later 
date. 

(ii) North Kimberley Area.-Mapping from aerial 
photographs was extended westward from the Kinn 
E~ward-Drysda le Area to cover the whole of the North 
Kimberleys. The western portion is mostly very rugged 
sandstone country with small isolated areas of better 
pasture on volcanic rocks. 
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The cattle carrying capacities were estimated by com
parison with si01ilnr developed country in tbe adjacent 
Ord-Victoria Aren. The areas suitable for beef cattle 
development have a total carrying capacity of approxi
mately 43,000 cattle. 

The Department of Lands and Surveys, Western Aus
tralia, used the information and maps provided by this 
Section in conjunction with data provided by their own 
field teams to prepare proposed subdivisions into holdings . 

(iii) Historical Study of Development in the Northern 
A rid and Monsoonal Part of Australia.-During the 
course of the regular regional surveys there has been very 
little opportunity to study the history of development of 
the areas surveyed, and its influence on the present state 
and kind of development. An understanding of the reasons 
for the present degree and forms of development is 
essential to a sound prediction of the future land use. Jn 
order to provide this information a three-year study of 
the northern arid and monsoonal part of Australia has 
been commenced. It involves extensive searches of both 
governmental and private records as well as field investiga
tions und interviews with local residents. Field investiga
tions arc now under way in northern and western 
Queensland. 

(b) Papua-New Guinea Survey Unit.-In 1955, pre
liminary botanical investigations were made in the Gogol
Upper Ramu Arca and the normal survey of that area is 
being commenced in mid-1956. Preliminary botanical 
investigations arc now being made in the area to be 
surveyed in 1957, the Eastern Highlands Area. 

The co-ordination of data and preparation of reports 
for the Buna-Kokoda Arca and the Wanigela-Cape Vogel 
Area arc now virtually complete. H owever, the prepara
tion of final maps is awaiting the completion of accurate 
base map compilation from aerial photographs by the 
Department of the Interior. 

3. AGRICULTURAL R ESEARCH IN NORTH AUSTRALIA. 

(Land Research and Regional Survey Section.) 

(a) Katherine Research Station.-(i) Crops.-The 
past season has again been a favorable one, on the whole, 
for crop production. Yields of sorghum and peanuts 
appear to be well up to the good standards of at least 
2,000 lb./acre obtained in previous years. Cotton yields, 
as judged by inspection, appear to be better than for some 
years and should approach 1,000 lb. seed cotton/acre. 

It has been found that the yield of sorghum is greaU) 
influenced by atmospheric conditions, during and shortly 
after the period of antbesis. A change from wet to dry 
conditions led to a marked drop in the number of grains 
produced per head, but not to any marked change in 
grain size, with a drop in yield of approximately one-third. 

With peanuts it would appear that there is a sudden 
check to further nut production towards the end of the 
wet season. Growth of the plant continues, as does flower
ing and peg setting, for some considerable time a(ter nut 
formation has ceased. The only climatic factor showin:; 
any correlation with the cessation of nut formation was a 
marked drop in the nightly minimum temperature townrds 
the end of the wet season. 

Collon at Katherine presents a complex pictme. It 
is now being realized that the dominance of vegetative 
over reproductive growth is associated wilh the heavier 
periods of rainfall io the middle or latter part of the wet 
season. 

T here is some evidence that growth rather than repro
duction in legumes may be favoured during hot, wcL 
weather. This has been especially noted with guar. 

(ii) Fertilizers.- Continual residu al response to both 
rock and superphosphate have been obtained with sorghum 
and with peanuts. 

(iii) Cultivation and Tillage Practices.-A repetition of 
an earlier experiment (1952-53) on time and depth of 
ploughing on the same site bas again given very marked 
responses in favour of deep dry ploughing against 
shallower or later ploughing. 

(iv) Soil Moisture Studles.- Tbese have concentrated 
on the effects of cropping history and of land preparation 
on moisture retention and depth of penetration. Deep, 
dry ploughing gave better retention and penetration than 
all other treatments. Sorghum appears to leave the land 
in a state favouring increased water retention ;:md 
penetrability. 

(y) Sown Pasturcs.-Nine grasses of promise were 
established in pure stands a t varying spacings in the 
1953-54 season, but in their second full season (1955-56) 
all stands showed very marked deterioration. This agrees 
with previous small-scale experience on grass plots. 

(vi) Native Pastures.- Observations on native pastures 
have been combined with the determination of weights of 
stock ·fed on them throughout the year. Stock gain weight 
rapitlily and improve markedly in condit ion at the start 
of the wet season for two or three months. This jg 

followed by a stationary period lasting until May-June, 
after which there is a steady decline in weight until there 
is new growth with the onset of the next wet season. 

(b) Kimberley Research Station.- (i) Crops.-Sugar 
Cane: This crop continues to show excellent promise, 
with ratoon yields being maintained at high level. The 
best yield during the year was from a plant crop of the 
variety S.J .4 whkh gave 7.4 toos of sugar per acre. 

Rice: Dry season trials on japonica varieties were 
rendered ineffective by finch damage during ripening, but 
vegetative growth suggested that these varieties might do 
better in the dry season than in the wet. The wet season 
crops of a range of indica varieties have averaged 
2,700 lb./paddy acre over 10 acres. The highest yielding 
variety so far reaped is a Burmese one which has given 
4,000 lb./ paddy acre on a small plot of a acres. A range 
of indica-japonica hybrids supplied by the International 
Rice Commission's Hybridization Scheme was grown in 
single-row plots, but none of these has shown any particular 
promise. 

Safflower: A crop planted in July, 1955, gave poor 
yields. It is thought that this was caused by the lateness 
of planting resulting in the crop flowering during the 
hotter weather. 

Other Crops: Wheat, oats, and barley planted in the 
clay soi l at about the same time also gave very poor yields, 
in spite of promising early vegetative growth. The oat 
plants , in particular, developed a severe leaf cbloro~is at 
the heading stage, which was thought on visual symptoms 
to be due to manganese deficiency. Analyses of leaf 
material did not substantiate this view, since the leaves 
had approximately five times as high a concentration of 
manganese as is normally regarded as a safe rninimum 
level. The cause of the chlorosis is being investigated . 

Cotton: An excellent crop of cotton has been grown, 
almost entirely free from insect damage, control resulting 
from the use of endrin at frequent intervals. The first 
pick on the crop ranged u p to 1,000 lb. per acre. 

(ii) Fe~tilizers.-A disorder characterized by leaf and 
~ho?t dry~g. out has b~eo noted on rice, especially the 
111d1ca. vanet~es. As this leads to a large proportion of 
dead tillers. 1t presumably affects yield. The disorder is 
accentuated by phosphatic fertilizers and is believed from 
pot experiments to be due to a 'nutritional imbalance 
beLween iron and mnnganesc, both of which are found in 
t~e green leaf in relatively high concentrations. This 
disorder appears to occur in certain other ricc-!?Towin~ 
areas in northern Australia. "' ~ 



(iii) lrrigatio11.-More accurate measurements of water 
used are now possible, but these indicate that earlier 
measurements were substantially correct. It is believed that 
the belier yields of paddy obtained this season than here
tofore may be associated with an enforced lower watar 
usage (resulting from pumping difficullies), and that surface 
aeration of the soil at intervals may well have been 
beneficial. 

(iv) Pesrs and D iseases.-There was no serious outbreak 
this year. 

(v) Pastures.-The most productive and persistent 
pastures on the clay soil have been those in which the 
legume Clitorc1 ternatea is dominant, Elephant grass, 
cuJtivated in rows on the lines of sugar cane, has given 
good yields of green fodder. 

4. CLI MATOLOGY. 

(Land Research and Regional Survey Section.) 
The investigations on natural vegetation at Kimberley 

Research Station have been continued. The rainy season 
just concluded was characterized by frequent falls of rain, 
and during the major part of the season there was little 
evidence of water !!tress on the plants. As a result, a 
considerable bulk of vegetation accumuJated on the 
experimental area, consisting mainly of Chrysopogoll 
pa/lidus, Aristida /atifolia, Isei/ema spp., and Brachyachne 
convergens. The drying of samples of this material for 
estimates of dry matter production presented a problem 
witb the inadequate equipment available. Attempts to 
estimate the dry weight of plants without destroying them 
were unsuccessful. In some species tiller counts were 
complicated by the branching habit of the plants, in 
others the tillers were so numerous and variable in size 
that good estimates could not be made. In addition dry
season growth frequently hid young shoots of new-season 
growth. Soil moistme determinations were carried out 
by gravimetric sampling and by gypsum blocks. The 
latter instruments were in general very unsatisfactory in 
these heavy, swelling clay soils, and the sampling pro
gramme finally involved weekly gravimetric sampling. 
using block data only in a qualitative way to indicate 
zones and trends of moisture extraction. 

Also at Kimberley Research Station exploratory experi
ments with rice were conducted. In conjunction with the 
Research Station's main rice experiments, small evapo
transpirometers were installed in rice bays as the rice was 
sown. Measurements of water levels inside the drums 
were made when microclimatic conditions inside and out
side were considered uniform. The data obtained arc 
being analysed in relation to estimates of evapotraospira
tion computed from meteorological data. 

Following collaborative work with the Division of 
Meteorologiq1l Physics, assembly and testing of micro
elimatic equipment was !=Onducted under field conditions 
in nort~ern Australia. With the wet and dry bulb tempera
ture clements under study it was found the influence of 
q protcctiye nylon and "Perspex" "cage" around the 
elements had no measurable effect on the sensitivity of 
the re11dinss. Under ~he tropical n1oqsoon conditions of 
higj'J. tcfllperat1m~ (loci evli\p.oration, a Jimitfltion to the 
wet bulb element in the form of an inadequate water feed 
wa~ encountered. It was possjble to incn:ase the water 
fe~d ~ppacity to.~ ~atisfactory }[!Ve] WilQOUt significantJy 
affechfllJ tq_~ ~emnt1v1ty pf the i?lem,ent. Tflis collaborative 
wor~, lcaclrng to ~he qeve}opment of sensitive measuri.ng 
eqwpment f9r chmatolog1cal research in ariq areas is 
being cxtende<! in ttie coming year. ' 

Furt~cr collaporntiye work with the Division of Soils 
is plnnncd, which will lead to tbe adoption of neutron 
scattering techniques for soil moist11re measurements in 
future soil moisture investigatioqs where this technique 
may have special applicfltion. 
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In the studies of plant-water relations conducted by 
the Unit, attention bas been paid to the significance of leaf 
turgor as an indication of water deficits in plants. A 
calibration has been made of leaf turgor against diffusion 
pressure deficit (D.P.D.) for different types of tissues (iq 
effect simulating tbe pF/water content curves so widely 
used to characterize soils). This indicated that a close 
relationship existed between these factors which was 
relatively const~nt for any one variety cxamiped. More
over, mesic types of tissue showed considerable dehydra
tion at fairly low D.P.D.'s, whereas in sclerophytic types 
of tissue high D.P.D.'s were needed to dehydrate tissue 
to tbl! same extent. 

The absorption of water through the aerial parts of 
plants, as dew and water vapour, is a subject of consider
able interest. Equipment recently developed by the Unit 
has demonstrated that water is absorbed by the aerial 
parts of short leaf pine (Pinus echinata) seedlings and is 
transferred through the plant to the flask in which the 
roots are contained, as long as there is a diffusion gradient 
favouring sucp transport. Absorption has been demon
strated from atmospheres of 100 per cent. relative 
humidity and also from unsaturated atmospheres. It is 
th.oug~t that this may have significance in nature, particu
larly m dry areas where graclients favouring absorption 
may occur. 

5. ARID ZONE RESEARCH. 

(Land Research and Regional Survey Section.) 
At Alice Springs work has continued along similar lines 

!o la~t ye?r, viz., broad ecological survey work and plant 
1dent1ficat1ons. Several hundred more species have been 
determ ined and some of the taxonomic difficulties of the 
Acacia aneura (mulga) group have been resolved by 
specialized work. 

Soil moisture studies in the mulga community have 
sho:-vn that the . top two to three inches of soil dry very 
rai:1dl~ at any time of the year. The soil reaches wilting 
pomt m a few days and may be air-dry in two to four 
wee~. It is th~ught that the failure of buffel grass 
seedlings to survive, even though germination occurs 
after rain, may be correlated with this rapid drying of 
tbe surface soil. Seedlings of native plants survive for 
a longer period. 

_A_n ccolo~ica~ survey ot 48 square miles of virgin 
sprn1fex (Tnor/1q . basedowi) country was rnadc at tl)c 
request of the AnimaJ Industry Division of the Northern 
T~rritory Administration, which plans to conduct a grazing 
tnal on the area. Tn addition to surveyin<> the area 

t h . "' 4 ' permanen p olo pomts were laid out on six radiating lines 
from the central watering point. It is planned to revisit 
the area from time to time for observations. 

A preliminary survey of tJ1e Wiluoa area was under
taken. It was recompiended that a more thorough survey 
by ~he mainJ_and survey team be conducted as soon as 
po~1blc. This was _µJanned for 1956, but was postponed 
owmg to lack of acnal photographs. Followin~ the survey 
mor~ detailed research, particularly " range condition" 
studies, arc planned. 

Xll. FJ.SHERIES AND OCEANOGRAPHY. 

1. GENERAL. 

The aquatic resources of A ustralia, including whal 
th . ~ 

e more ~portaot commercial fish, crustacea, and 
shellfish, reqmrc study to ensure their economic use a d 
where necessary, their mana~ement to prevent dcplet~o~ 
of stock~. Fundamental to t~1s study is an examination of 
the e~1 v1ronment to asccrtam the var iations · 
graphic and estuarine conditions which atf mt ocean~
prod f ·1 d ' ec organic 

uc 1v1 Y an arc to a large extent responsible for 
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fluctuations in fish occurrences. Through its Division 
of Fisheries and Oceanography the Organization provides 
facilities for these studies. 

Division of Fisheries and Oceanography.-ln J~nu~y, 
1956, Dr. G. F. Humphrey, Senior Lecturer m Bio
chemistry at the University of Sydney, was appointed as 
Chief of the Division. 

The Chief of the Division ha~ been appointed as a 
member of the Standing Committee on Oceanography of 
the National Academy of Sciences. During the year four 
officers were appointe<l as consultants to the Advisory 
Committee on Marine Sciences of U.N.E.S.C.O. Mr. 
D. J. Rochford was invited to attend a meeting of this 
Advisory Committee which was held in Tokyo in 1955. 
He was subsequently appointed as a member of the Com
mittee and will attend future meetings. He was also 
appointed as Australian delegate to the sixth Session of 
the Indo Pacific Fisheries Council in Tokyo. Another 
officer of the Division attended the Scientific Sub-com
mittee of the International Whaling Commission in 
London. An officer attended the Annual Symposium of 
the Gulf and Caribbean Fisheries Institute at the Univer
sity of Miami, Florida. 

The Royal Australian Navy provided funds for research 
on marine fouling. The Marine Underwater Paints 
Committee appointed by the Navy held its eleventh meet
ing at Cronulla. Two overseas visitors, Dr. Lawrence, 
Chief Scientist of the Admiralty Chemical Laboratory at 
Portsmouth, and Mr. L. T. Carter, Chief of Naval Con
struction, Admiralty, were present. 

"Marine and Freshwater Fishes of Ceylon" by Jan 
S. R. Munro was printed and distributed by the Depart
ment of External Affairs under the Colombo Plan to 
countries of South-East Asia. 

The Division is indebted to the University of Sydney 
and the University of Western Australia for laboratory 
accommodation for certa in officers; to the Commonwealth 
Fisheries Office and to all State Departments of Fisheries; 
to the Tasmanian Salmon and Freshwater Fisheries Com
mission; to the Australian Museum; and to other Divisions 
of the Organization for co-operation and assistance. The 
Australian Whaliing ·commission and the four private 
whaling companies co-operated with the Division in pro
viding accommodation and assistance. 

Messrs. Huddart Parker and Burns Philp allowed 
masters of their vessels to New Zealand and New Guinea 
to collect sea-water samples. This help is appreciated. 

2. OPERATIONS OF RESEARCH VESSELS. 

(Division of Fisheries and Oceanography.) 

(a) F.R.V . Derwent Hunter.-Cruise 17 was a deep 
drop-lining cruise off the Tasmanian coast. Cruise 18, 
parts 1, 2, 5, 6, and 8 were hydrology and plankton 
cruises between Hobart, Sydney, and Melbourne. Cruise 
18, part 3, was a tuna long-lining cruise off the New South 
Wales coast, which gave encouraging results-these arc 
discussed in the tuna section of this report. Cruise 18, 
part 7, from 16th November to 15th December, was an 
oceanographical cruise from Sydney to Lord Howe Island 
and then to Brisbane, thence to Noumea, and back to 
Sydney. 

(b) F.R.V. Gahleru.- Three cruisers were completed in 
July and August; to tag Pinctado maxima on mainland 
ground, for growth rate measuremenls at Darnley, and to 
check spat sets in the vicinity of \Vest Island. 

3. FrsHER1ES BroLOGY. 
(Division of Fisheries and Oceanography.) 

(a) Whales.-During the whaling season (June to 
October) of 1955, the whaling stations were visited by 
officers of the Division to collect data on reproduction, 
growth, and condition of the stocks of western and eastern 
Australian humpback whales. 

/ 

The catch returns from Australian shore stations in the 
1955 season were analysed and a report prepared for the 
Scientific Sub-committee of the International Whaling 
Commission. It was shown that on the Western Australian 
coast, following the reduction in the quota of humpback 
whales for the 1955 season (owing, according to previous 
evidence, to a decline in this stock), the catch returns for 
the last season showed a remarkable recovery. The mean 
length of the catch increased, the length frequency distri
bution improved, and the percentage of immature whales 
decreased. rt was pointed out that this was due to more 
stringent selection of larger whales during the 1955 
season, the rate of catching showing a corresponding fall. 
It is to be hoped that this reduced quota and more 
careful selection will halt any further decline in this 
stock of humpback whales. 

On the eastern coast of Australia (and in the corres
ponding Antarctic Area V), the humpback stock appears 
to be still in a reasonably stable condition. 

Whale marking was carried out in Western Australja 
from the Western Australian State Fisheries Department 
vessel "Lancelin ", when 70 whales were marked. Of 
these, one mark was recovered two days later at the 
Carnarvon station from a whale shot at a position 20 
miles south of marking; a second mark was recovered from 
a humpback taken on board a Norwegian factory ship 
six months after marking in position 64°05'S., 114°32'E. 
This position is in the Antarctic area where humpback 
whales from tl1e Western Australian· coast are considered 
to gather during the summer feeding period. In east 
Australia 200 whales were marked during the 1955 
season. Of these two were recovered at Whale Products 
Station at Tangalooma. One whale mark fired in the 
I 954 season off Moreton Island was recovered from a 
female humpback in the same area during the 1955 
season. 

(b) Sea Fish.-(i) Barracouta (Thrysites atun) .-A 
study of the food and feeding of this species in Aus
tralian waters, mainly in the principal fishing areas which 
are off southern Victoria and eastern Tasmania, was 
completed. In those areas the principal food organisms 
are the planktonic euphausiid crustacean Nyctiphanes 
austra/is and the nektonic nsh Engraulis australis 
(anchovy). The anchovy's habit of spencliag much of 
the summer and autumn in the inlets makes it unavailable 
at that period to the barracouta, which then depend 
mainly upon Nyctiphanes for their food supply. At other 
times of the year both species are consumed. 

Observations on the feeding of barracouta upon Nycti
plzanes indicate that only fairly high concentrations of the 
latter can be utilized efficiently, and plankton work shows 
that such concentrations are not uniformly distributed 
throughout the barracouta fishing area. A close positive 
relationship between availability of Nyctiphanes and that 
of barracouta. could thus be expected in the summer and 
autumn months. There is a general positive relationship 
between availability (catch per boat month) of barracouta 
and the percentage of barracouta stomachs containing 
Nyctiphanes, at those seasons, from year to year over the 
period 1948-49 to 1953-54, in both the above-mentioned 
regions. 

The study of changes in condition (weight-for-length: 
fatness) in barracouta bas also been completed. There is 
considerable variation associated with region, year, and 
time of year; significant variation associated with gonad 
condition, and negligible variation associated with sex. 
Eastern Tasmanian barracouta are fatter than those of 
southern Victoria. Information on condition during the 
off-season (winter) is so conflicting that it seems probable 
that some barracouta maintain condition and others 
(stragglers) lose it. Southern Victoria barracouta were 
much fatter, season for season, in 1950-51 than in any 
other year, notwithstanding the low consumption of food 
in coastal waters as noted above. This makes it certain 
that they obtained food elsewhere. 



(1i) Australian Salmon (Arrip1s trutta) .-Field studies 
on the salmon of Western Australia, South Australia, 
western Victoria and western Tasmania have been ter
minated and th~ material and data collected are being 
analysed and prepared for publication. I t. has ?een 
concluded that the fish of these areas comprise a smgle 
homogeneous population. The adult fish of this population 
are confined to Western Australia where they spawn. The 
juveniles migrate eastwards and occur. in South Ausn:ali~, 
western Victoria and western Tasmania. They remam m 
these areas until the approach of maturity when they 
migrate to Western Australia. . . 

Salmon have been tagged in western Tasmama and m 
South Australia. As yet no salmon tagged in Tasmania 
has been recovered in Western Australia, but in 1955-56 
a further 34 migrants from South Australia to Weste~n 
Australia were recorded; 52 of the 4,000 fish tagged m 
South Australia in the 1952-54 period have now been 
recovered in Western Australia. From one tagging experi
ment conducted at Kangaroo Island, South Australia, in 
1952 when 104 salmon were tagged and released, seven 
tags have been recovered in Western Australia. 

(iii) Trawl Fis/z.-Market sampling of the main species 
of trawl fish has been continued. The number of steam 
trawlers operating from Sydney dropped from ten to six in 
1954, and it has now fallen to five. 

The study of the tiger flathead taken by the Danish seine 
fishery off Lakes Entrance has been continued. Length 
measurements of 20,000 have been taken and 100 fish each 
month have been examined for gonad stages and stomach 
contents. More than 3,500 liathead were tagged in this 
area, of which 37 have been recaptured. The days of 
freedom range from two to 114. Tags were returned fairly 
steadily until three and a half months after tagging; then 
returns ceased. This may indicate that flathead remain 
on the same ground for periods of up to three months. 

(iv) Demersal Fish of the Co11ti11e11tal S/ope.-Tbe 
deep-lining programme was concluded in January with the 
fin al quarterly cruise of the F.R.V. Derwent Hunter in 
eastern Tasmanian waters. Prior to this, results from 
fishing tests in this area had suggested a seasonal migration 
of the main species encountered, Hyperoglyphe porosa 
(deep sea trevally) . A movement was indicated from the 
350-300 fathom zone occupied in winter (June-August) to 
the 250-200 fathom zone in summer (December-February) 
at which latter season the fish spawn. However, during 
the winter cruise of this year these fish were taken in 
greates t abundance at the upper limit (250-180 fm.) of 
their bathymetric range, a condition observed previously 
only during the summer months. These fish have been 
taken in comparable numbers throughout the year between 
depths of 300-200 fathoms with the exception of the period 
March to May (autumn) when, for reasons unknown, 
their avai labi lity is considerably reduced. 

Should a commercial fishery develop from this deep
lining survey, it will be a drop-lining fishery op~rating 
almost exclusively on the stocks of deep sea trevally. The 
catches of this species by this method were 50 per cent. in 
excess of those obtained from conventional Jong-lining. 

(v) T1111a.- The Division's steel wire tuna long-line was 
modified to allow for a greater number of hooks per unit 
of line. This modification decreased the number of men 
required to operate the line and reduced the maintenance. 
It was found that the catch rate compared favorably 
with that of Japanese vessels operating in the P aci.fie. 
The catch included large fish of up to 200 lb. in weight. 
Fish of this size are not usually taken by commercial 
fishermen trolling on the east Austr:ilian coast. 

(vi) School Shark (Galeorbinus australis) and Gumm y 
Shark (Emissola antarctica) .-The investigation of school 
shark has ceased except to record return tags. D uring 
the investigation 6,273 sharks were marked, of which 
1 401 were adults. A total of 319 tags or 5 per cent. have 
b~en recovered. Eighty-six were adult (6 per cent. 
recovery). One recovery was made from a shark after 

nearly seven years of freedom. There have been 39 
recoveries from South Australian waters. Of the sharks 
tagged in South Australian waters there have been twelve 
recoveries, of which two were taken near Portland in 
Victoria. A total of 562 gummy sharks were tagged. 
There have been only eighteen tags recovered and of these 
only four give data on growth rate. 

(c) Eswari11e Fish- (i) Lake Macquarie Investigations. 
- Tagging of larger fish ceased in January 1956 when 
20,000 fish had been tagged in twenty months. Direct 
proof that certain species may migrate from the lake on 
attaining maturity has now been gained for seven species: 
sea mullet, luderick, leatherjacket, flattail mullet, tarwhine, 
tailor, and squire. 

The food habits of the majority of species have been 
investigated for the first time. The limited quantity of 
certain food organisms probably accounts for the scarcity 
of certain ground fish. 

Three bottom communities can be recognized. The 
general limits of these have been mapped. The first is a 
weed flat with generally sandy bottom to a depth of ten 
feet characterized by Zostera and its associated biota. The 
second is a fringing fauna which forms a zone on the 
slope between the weed zone and the almost fiat bottom 
of the lake; the substrate is sandy or pebbly and is charac
terized by a sponge Te/ilia sp., a mussel Trichomya 
hirs11t11s, and an oyster Ostrea angasi. The third is a 
central si lt zone which covers the major area of the lake 
floor, whose characteristic and only abundant organism is 
a polychact, Ma/dane sp. D iatoms are absent from this 
silt zone. Stomach examinations so far have revealed only 
two species of fish, trumpeter whiting and squire, feeding 
upon Ma/dane. This means that for most species the 
major area of the lake provides no food. 

A catastrophic killing of fish and invertebrate fauna in 
Cockle Creek following acid discharge revealed firstly that 
the fish population was very much greater than either local 
opinion or Divisional netting bad indicated and secondly 
that the fish fauna repopulated such an area rapidly after 
the pH returned to a tolerable level. 

(ii) Mullet.- A series of three papers on the yellow-eye 
mullet has been prepared for publication. 'f.hese show

( I) The yellow-eye stocks fluctuate considerably from 
year to year but there is no indication of any 
depletionary trend. 

(2) T he scales can be used to estimate age and 
growth, but are unusual in that the annuli are 
clearer in the posterior segment; females grow 
more rapidly than males. The species 
matures at the end of the third year, males at 
a mean size of 24 cm., fema les at 27 cm. 
L.C.F. (length to caudal fork) . 

(3) Western and eastern subspecies or races can be 
distinguished on tbe basis of scale counts and 
time of spawning. G rowth ceases in mid
winter. 

(ii i) Queensland lnvestigations.-Analysis of observa
tions in the lower freshwater zone of the Albert River 
indicates that only two species, the sea mullet Mugil 
ceplwlus and the silverside Craterocephalus stercus 
111uscarum, are permanent members of the fish fauna, but 
eighteen other species occur seasonally or transiently. 

(iv) Western Australian lnvestigations.--Studies on the 
size at first maturity and on the food preferences of 
commerci:\1 estuarine species have continued. 

(v) Barra1111111di (Lates caJcarifer) .-The field study 
on this species has been completed and tbc results are in 
process of analysis. Growths up to 20 inches in the first 
)'ea r, to 27 inches in the second year, and to 33 inches in 
fhe third year are indicated by recaptured tagged fish, 
length frequency studies, and scale studies. The species 
is sexually mature at the end of the second year. There 
are two major spawning periods, one prior to and one 
after the wet season. Not all mature fish seem to spawn 
every year. 
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(d) Freshwater Fish.-(i) Trp11t (Salmo spp. ) 
illves(igalions in Tasmania-The preparation for publica
tion of the first two reports on the results of this investi
gation bas now been completed. The routine sampling 
of the spawning runs at Lake Leake, the Great Lake, and 
Pleoty River has been continue(\ in order to cover as great 
n period as possible in tl\e reports on these areas. A 
remarkable feature, possibly related to the exceptionally 
wet season, has been the upstream migration of fish in the 
Plenty River in the summer, during which 250 fish passed 
through the .trap. 

Electrical fishing eq\lipment has been used to study the 
fish population of streams to compare the population 
above and below the natural barriers formed by water
falls, i,n rivers which have received no hatchery fish for 
several years. The results show that the population is 
llel(-sµpport ing above the falls and is not dependent either 
on the upstream migration of the inhabitants of the low 
reaches, or on releases of hatchery-reared fish. 

In order further to test the effectiveness of stocking 
with hatchery-reared fish some 10,000 marked fish were 
released in North Esk River in places where the popula
tion had been studied last year. When this river was 
fished again during the sum.mer some marked fish were 
recovered. 

(ii) Fish Culture Investigations in Tasmania.-ln 
June, 1955, the trout.,remaining from the 4, 140 released 
~he previoµs year in the dam flt Dairy Plains were 
recovered, and 237 fish were found. lt is believed that 
this poor recovery is attributable to predation by ducks. 
Bottom fauna values indicate that food was not a limiting 
factor in the survival of the fish, and the growth of the fish 
was satisfactory. 

(e) Crustacea and Shellfish.-(a) Western Crayfish 
(Panulirus longipes)-ln December, 1954, 2,169 "white" 
crayfish were tagged and released off Garden Island, Wes
tern Australia. These were all under the legal size of 
carapace length 2.75 inches. During December, 1955, 86 
of these tagged crayfish were recaptured, 60 of which 
were measured and showed a mean carapace length of 
3.03 inches. Only two of those recaptured bad the true 
"red " colouration. At Rottncst Island several "white" 
crayfish were held in craypots of standard design, and it 
was observed that after three weeks they became " pink " 
and within two months they were fully " red ". 

Routine collections of ovaries were continued on the 
commercial grounds and the periods of reproductive 
activity can now be defined for most grounds. On the 
shallow reefs at Rottnest Island mating occurs in July, 
but no spawned females were caught until November. ]t 
was noted that these females bad ornnge eggs on their 
pleopods, and by December the eggs were brown. In 
January the larvae were released from t he egg capsules 
wbich remained on the abdomen of the female. These 
females moulte~ soon after, and again in June. 

(ii) Southern Crayfish (Jasus lalandii).-Various cray
fishing areas were examined so that a suitable site could 
be found for an extensive tagging programme. Cape 
Sorell was selected, and 115 crayfish were tagged and 
released. 

(ili) Prawns.- Tbe prawn surveys carried out in 
Exmouth Gulf, Western Australia, in co-operation with 
the Western Australian Department of Fisheries from 
P.V. Lancelin were completed by working tbroughou:t: 
the summer of 1955-56. Commercial tests by Lance/in 
and the commercial fishing boat ! 011 Jim took 6,000 lb. 
of prawns in three weeks in October. 

(iv) Pearl Oysters (Pinctada spp.) .-During this year 
500 specimens of Pinctada maxima were tagged on the 
mainland grouncf and 200 at Darnley. A preliminary 
analysis has been made of the data on growth rate secured 

from tagged shell. This indicated that growth rate was 
~lightly Jess than ¢at postulated from other data, but this 
is to be expecteq because the cleaning of the shell for 
tagging interferes with its growth. 

Culture experiments have been continued using P. 
maxima and P. margaritifera. Nuclei were inserted in 70 
specimens of P. maxima. 

A survey of an area to the south of Carpentaria Light 
Vessel, Torres Strait, was completed in April in conjunc
tion with the pearling lugger A.K. Phynea. · This area 
contained the famous New Mainland patch which yielded 
1,300 tons of shell in about six months in 1929 and which 
has not been fished since. Small areas of likely shell 
bottom were located, but very little pearl shell was found. 

( e) Scaflops ( Notovola meridionalis).- The Tas
manian scallop catch was sampled each week during the 
twelve weeks' season. The meats of this season were 
heavier per 1,000 scallops than those of the previous 
season. A record catch of 511 tons was marketed. 

(vi) Oysters.-Sydney Rock Oyster (Crassostrea com
mcrcialis)--Severe flooding along the central New South 
Wales coast killed many oysters during the autumn of 
1956. For the second successive year no winter mortality 
occurred in 1955. 

Pacific Oysters (Ostrea gigas) .-The Pacific oysters 
transferred to MalJacoota Inlet in September, 1955, 
spawnecj in January, 1956. Some spat has peen dis
covered, but this is still too small to determine whether it 
is that of the P~cific oyster or local rock oyster which is 
at the extreme of its range at this inlet. lo Port Sorell 
mass spawning of the oysters was observed by the resident 
officer on 24th February. Two days later a severe flood 
occurred, and it may be presumed that many larvae were 
either killed by the fresh water or Bushed out to sea. 
Nevertheless in early June several recent spat were found 
in the vicinity of the beds. 

4. lcHTHYOLOOY. 

(Division of Fisheries and Oceanography.) 
(a) Reference Catalogue and Collectio11s of A us

tralasian Fish.-A supplementary catalogue and index 
dealing with generic names and characters has been pre
pared, and a start made on a general card index to recent 
ichthyological papers. A commencement has also been 
made on re-organization of existing fish collections in 
possession of the Division. 

(b) New G11i11eq Fish Fau11a.-Collcctions of fish from 
trawling experiments in the Gulf of Papua and collections 
from freshwater streams in the central highlands and upper 
Scpik River system have been submitted by the New Gqinea 
Administration for identification. Many new SJ?ecies, 
several new genera, and one new family have been 
discovered. 

(c) Handbook of A11stra/ia1i Fishes.-Work is in pro
gress on the compilation of an illustrated handbook of 
Australian marine and freshwater fishes. This will appear 
in monthly instalments over a period of five or six years 
in the " Fisheries Newsletter 1'. 

(d) Fish Eggs and Larvae.-Emphasis has been changed 
from description of preserved planktonic fish eggs and 
larvae to culture of eggs 11od larvae wider aquarium con
ditions. To this epd the aquarium facilities have been 
greatly expanded by the insta llation of banks of glass 
tanks, an improved non-metallic piping system, and the 
construction of special equipment for the rearing of larvae. 

(e) Planktonic Eggs and Larvae from Hong Kong.
Preliminary identific11 tion has been carried out on a series 
of planktonic fish eggs and 111rv!le submitted by the Uni
versity of Hong Kong in connexion with its mullet investi
gations. 

I 

~ 
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5. HYDROLOGY. 

(Division of Fisheries and Oceanography.) 

(a) Oceanic lnvestigatio11s.- In 1955-56 F.R.V. 
Derwent Hunter completed several cruises devoted en
tirely to hydrological sampling as well as some on which 
combined fishing and hydrology programmes were carried 
out. 

In August, 1955, a cruise of some four weeks in the 
south-west sector of the Tasman Sea yielded further valu
able information about the distribution of winter water 
masses particLtlarly in the central Tasman arid the south
west Tasman. 

Unfortuhaiely, bad weather curtailed the full sampling 
programme Jn the region south of latitude 40° S. On this 
cruise the chlorinity-tempetature depth recorder arid the 
gt!oelectric kihetograph were operated for the first time. 
Both instruments operated successfully for the earlier part 
of the cruise, but faults due to leakage in the fortner and 
bad weather difficullies In opcratiob of the la tter curtailed 
their use in the later stages. 

In November, 1955, Derwent Hunter carried out a Bass 
Strait sampling programme. This cruise confirmed the 
existence of the water masses detected in 1954, but also 
stressed the aced for more extensive surveys to the west 
into South Australia and to the west coast of Tasmania in 
order that the origin and circulation of the north Bass 
Strait water mass might be elucidated. 

In late November, Derwent Hunter commenced her 
most ambitious cruise to date. The cruise plan called for 
a series of stations from Sydney to Lord H owe Island and 
from Lord Howe Island to Brisbane. The cruise was then 
continued to Noumea. 

In the waters west of Noumea very low chlorophyll 
values were obtained and seemed to be associated with a 
water mass of very low total phosphorus content. 

Surface sampling from merchant ships has been con
tinued. T .S.M.V. Wm1ga11e/la bas regularly collected 
samples on the Sydney to Aueldund and the Sydney to 
Wellington runs, but frequent change of officers has caused 
difficulties in maintaining this excellent source of valuable 
information. M.V. Tulagi and M.V. Malaita commenced 
sampling in the western and eastern sides of the Coral Sea 
respectively in D ecember, 1955, and the results to date 
from this sampling have given a much clearer picture of 
the passage of water masses into the Coral Sea. 

(b) Coastal !nvestigations.-The dilution of New South 
Wales coastal waters by fresh waters reached a maximum 
(for C.S.I.R.O. records) in March, 1956, when diluted 
coastal waters down to a depth of about 20 m. were found 
from Evans Head to the Eden stations. Off the nortli 
coast of New South Wales the dilution in this month 
corresponded to about a 15 per cent. introduction of river 
water. 

T he chlorophyll figures for a complete Season at the Port 
Hacking station display a seasonal range of about 2 mg. 
chlorophyll per m3 which is about one-third to one-quarter 
that in the English Channel. 

Winds in the Sydney-Lord Howe Island-Brisbane triangle 
htive been exnmined in rclntioo to mean sea-level changes 
and some correlation between pressure differences bet:\veen 
Sydney and Lord Howe Island and Port Hacking mean 
sea-levels have been found. However, there is a lag in 
response betweeb them which suggests that circulation 
changes as well as the tlircct effect of wind stress are 
involved. 

In south-west Austrnlin the coastal stations off Rottnest 
Tsland and Albany have been sampled at about monthly 
intervals. The seasonal cycle of hydrological conditions 
off Rottnest is determined by the northeni movement of 
cold high-chlorinity waters in the late spring and summer 
and by the soulhern movement of warm low-chlorinity 
waters in the autumn and winter. In the period of this 
report , this seasonal cycle was followed fot chlorinity and 

temperature. There does not, however, seem to be any 
consistent seasonal cycle of phosphates or nitrates, and 
the average concentration of these nutrients remains Jow. 

(c) Es1uarine Jnvestigations.-(i) Lake Macquarie.
Routine monthly surveys were continued throughout the 
year. The system was affected by summer floods, but the 
pronounced fall in oxygen tension of the bottom waters 
observed in 1954 was absent this year, and there was little 
build-up of organic nutrients in the sub-surface water. 

The information obtained from the portable salinity 
temperature meter developed by the Division of Electro
tecbnology indicates that there are generally two distinct 
layers in the vertical profile: a homogeneous surface layer 
of varying depth and a subsurface layer of increasing 
chlorinity. The instrument hns proved highly satisfactory, 
giving readings of temperature to the nearest 0.05° C. and 
of chlorinities below 16°/oo to the nearest 0.1, and above 
16°/oo to the nearest O.Ol. 

Frequent sampling during the period when a serious 
mortality of fish occurred in Cockle Creek indicated the 
presence of acid, but this toxic acidity did not intrude into 
the northern part of the lake. The effect of the original 
acid discharge was overcome when an alkaline effluent was 
discharged into the Creek. 

(ii) Port Hacking.- Tbe oxygen and phosphorus cyeles 
of surface waters i.n the south-west arm were studied in 
the summer of i 956, and it was observed that the 
seasonal isolation of the bottom waters was even more 
pronounced than usual because of the development of a 
considerable chlorinily gradient by summer floods. 

Sampling in the Swan River, Western Australia, was 
continued, but severe flooding in the river effected the 
typical winter stratification which has been observed in 
previous years. 

6. PLANKTOLOOY. 

(Division of Fisheries and Oceanography.) 

Clarke-Bumpus plankton samplers were tried on the 
Bass Strait and Noumea cruises of the Derwent Hunter 
and proved satisfactory. 

Dense subsurface layers detected by echosounder over 
most of eastern Bass Strait in April, 1955, appeared to 
consist of hcteropods (Firoloida desmarcsti). Such an 
immense occurrence of primary carnivores in the plankton 
of Bass Strait was previously unsuspected. 

7. MICOBIOLOGY. 

(Division of Fisheries and Oceanography.) 

A study of the rate of multiplication of certain phyto
plankton elements has indicated that the rate in Australian 
waters is more rapid than those recorded for the North 
Sea. 

8. GEOBIOLOGY. 

(Division of Fisheries nnd Oceanography.) 

Investigations of the ecology of the sulphur cycle were 
continued. A paper was prepared on the electrochemical 
reactions in the sulphur cycle. 

A visiting scientist, Miss Margaret Mackay, from the 
St. Andre\vs University, collaborated with the Research 
Fellow of the Division in a study on the role of Entero
ntorplia in sulphate reduction processes causing the release 
of soluble phosphates in the estuary. Work was also done 
on the importance of minimum metals on the growth of 
Enteromorp'1a and Dunaliella. 

Specimens were collected in the geothctmal regions of 
New Zealand. Examinatio11 of these indicated the import
ance of microorganisms in this environment. 

A cons!dcrablc number of meAsurements and analyses 
were earned out on the muds of estuaries. A study of 
sulphur compounds of these muds indicated the existence 
of sulphides or sulphydryls of iron which were unstable in 
the presence of moisture and oxygen. 



A new method was applied to the study of sediments by 
comparison of sieve methods of analysis with that of den
sity. The dried muds after being crushed and ground to 
a suitable particle size were allowed to fall down columns 
of liquids of different densities. 

In collaboration with Dr. J. Silberman at Sydney Uni
versity, a study was made of the pigments of the purple 
and green sulphur bacteria, and of the green flagellate 
Dwwliella. The pigments were separated by cellulose
packed columns and circular-paper chromatography. 

The sulphur cycle was studied by means of isotope 
ratios with Mr. A. Rafter, Isotope Laboratories, D .S.l.R., 
New Zealand. 

The first phase in an investigation to establish the extent 
to which heavy metal sulphides are concentrated by biolo
gical activity was carried out recently in New Caledonia 
in collaboration with Dr. R. G. Stanton, University of 
Sydney. 

9. MARINI! FOULING. 

( Division of Fisheries and Oceanography.) 

The marine fouling investigations of the Division on the 
systematics, distribution, and seasonal intensity of fouling 
organisms have been terminated, and attention is now 
concentrated on studies of the larvae of fouling organisms 
at the settling stage. The larvae of the bryozoan Water
sipora c11c111/ata (Busk), the barnacle Ba/anus (Balanus) 
amphitrite var. cirratus Darwin, and the bydroid Tubu/aria 
austra/is S1echow have been taken through to the settling 

• stage in the laboratory. The tube worm Galeolaria 
caespitosa Lamarck bas been reared almost to the settling 
stage. 

Experiments were set up to determine the relative sensi
tivity of various larvae to the toxic effects of copper and 
mercury. Results indicated that Watersipora larvae were 
relatively more susceptible to mercury, but that at certain 
concentrations copper apparently accelerated metamor
phosis to such an extent that it became abnormal and 
lethal. 

XIII. FOOD. 

1. GENERAL. 

The preservation of food is an increasingly important 
link between primary industry and the consumer market. 
There is a growing awareness of the part which science 
and technology can play in reducing wastage, improving 
quality, and generally raising the efficiency of Australia's 
food processing industries. The complex constitution of 
foodstuffs of all kinds, especially meat, dairy products, 
and fruits, calls for fundamental studies based on physics, 
chemistry. botany, and bacteriology to ensure the elimina
tion of processing and storage conditions which tend to 
their deterioration. As a major food producing country 
situated far from the main food importing nations, and 
with its own population centres separated by long dis
tances, Australia has a special interest in the preservation 
of foodstuffs during transport. 

The Organization's work on food is undertaken chie6y 
within the Division of Food P reservation and Transport 
with its main laboratories at H omebush, New South 
Wales, and branch laboratories at Brisbane, Queensland 
(meat); West Gosford, New South Wales (citrus frui ts); 
Eden, New South Wales (fish); H obart, Tasmania (fish, 
apples, and berry fruits); and at the Botany 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 js carried out 
by the D airy Research Section at Highett, V ictoria (see 
Section 13 of this Chapter). Co-qperative investigations 
on wines are carried out in the Waite Agricultural 
Research Institute (see Section J 2 of this Chapter). 
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Work on dried vine fruits is in progress at the Common
wealth R esearch Station (Murray Irrigation Areas). 
Merebin, Victoria (see Section 14 of this Chapter). 

Division of Food Preservation and Transport.-The 
recent outbreak of Queensland fruit fly infestation in 
several areas producing citrus fruits is a serious threat to 
the su bstantial export trade in these fruits. The Division 
has been studying the effects on the fruit from three major 
districts of recommended post-harvest treatments for the 
kilJing of larvae and eggs in the fruit. This work is near
ing completion. Together with entomological investiga
tions and tests of sterilization techniques carried out by 
other bodies, the storage studies are directed by a joint 
technical committee of the Standing Committee on Agri
culture. Additional facilities for entomological work have 
recently been erected at the Citrus Wastage Research 
Laboratory, Gosford, New South Wales. 

The expanding work of the joint Plant Physiology Unit 
of the Division and the Botany Department, University 
of Sydney, has hitherto been seriously hampered by 
shortage of laboratory space. Considerable additions 
within tbe Botany Department have recently been com
pleted, and will not only give the present research workers 
better facilities but will allow a small increase in the 
number of research students receiving training in the Unit. 

The first Divisional conference on food chemistry was 
held a t Homebush in March. Mr. E. W. Hicks, a senior 
principal research officer, attended the International 
Congress of Refrigeration held in Paris in August, 1955. 

Greater efforts recently made to increase the number 
and scope of contributions from industry have resulted 
iJ1 an encouraging response from a wider range of 
interested organizations. 

2. PHYSICS. 

(Division of Food Preservation and Transport.) 

(a) Rail Tra11sport.-The performance of an ice-cooled 
refrigerator car equipped with fans in order to make it 
capable of cooling a load of warm fruit during the journey 
has been studied in collaboration with the Queensland 
Department of Agricullure and Stock. 

(b) Ca1111i11g Processes.-Tbe heat transfer coefficient 
between the steam in a retort and liquid inside a can is 
not constant but is a function of the temperature differ
ence and the thermal properties of the liquid. This leads 
lo deviations of the heating curves from the simple form 
which is commonly assumed. These deviations are not 
usually of great importance in the practical evaluation of 
processes, but some calculations and measurements have 
been carried out to obtain more complete information on 
the form of the heating curves and the importance of 
various factors which affect it. 

Many canned products consist of roughly spherical 
solids in brine or syrup. Theoretical analyses of the heat
ing of such systems have been made in order to assist 
in the interpretation of experimental heating curves which 
are usuaJJy derived from measurements of temperatures in 
the liquid. 

(c) £v(lporatio11 in Cold Storage.-Tbe work referred 
to in previous reports has continued. Most of the work 
this year has been on the evaporation properties of fruits. 

The variation in evaporation properties of Granny 
Smith apples grown in different districts was studied last 
season and is being studied again this season. Althouah 
there are some variations from season to season the roa"in 
trends seem consistent. ' 

(d) Watel" Relations.-The study of water relations of 
f?odstuffs and related biological materials is being con
tmued. . Further data on the vapour pressure isotherms 
~f protems have been collected and compared with pub
lished data. The apparatus has been modified and further 
consideration is being given to the most sujtable techniques 
for obtaining data. 



(e) Colour Measurement.- Attempts are being made 
to develop methods of measuring colour which will be 
suitable for routine applications. Fundamental data are 
obtained by measuring spectral reflectance curves. Several 
electrometer circuits have been tried with the photo
electric tricolorimeter and so far the type using a 
" chopper " and amplifier has given the best results. 

(f) Freezing Point of Whole Fruit.-An attempt bas 
been made to measure the freezing point of whole fruit 
and to fmd what relationship this bears to the freezing 
point of the expressed juice. Although the latter can be 
measured easily and accurately the usual 'techniques could 
not be applied to the whole fruit without considerable 
modification. 

3. Foon CHEMISTRY. 

(Division of Food Preservation and Transport.) 
(a) Volatile Products of Apples.- The volatile organic 

substances produced by fresh apples are being studied on 
account of their probable relation to storage behaviour, 
particularly to the disorder superficial scald. Tests for 
olefines failed to reveal any besides ethylene. The causal 
agent has not yet been identified but d.iphenylamine and 
mher substances were found to control scald. These 
recent observations have suggested new lines of attack, 
which are being followed in the present season. 
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(b) Natural Coating of Apples.- The natural coating 
is the main barrier to gaseous diffusion, and probably 
controls the internal atmosphere and loss of water. A 
paper on the saturated acids of the cuticle oil has been 
accepted for publication. Work on the unsaturated acids, 
including the development of satisfactory derivatives, is 
continuing. The products of alkali degradation of cutin 
are being studied. 

(c) Determination of Ethylene Dibromide in Fruit.
Work on the determination of ethylene dibromide (used 
for destroying fruit fiy) in fumigated fruit wa.s completed 
and a paper prepared for publication. 

(d) Anaerobic Decomposition of Ascorbic Acid.
Work on the anaerobic decomposition of ascorbic acid 
(vitamin C.), which is responsible for its loss from stored 
canned foods, was recently resumed with the object of 
identifying the substances formed. 

(e) Water-soluble Constituents of Fruit.- These studies 
are providing essential basic data for the investigation of 
chemical reactions occurring in the deterioration of 
processed foodstuffs. The results and techniques are also 
a contribution in the general field of plant chemistry. The 
sugars and polyols of the apricot fruit have been separated 
by chromatography using successively charcoal and cellu
lose columns and paper sheets. Sucrose, glucose, fructose, 
xylose, sorbitol, and mesoinositol have been characterized 
by the preparation of crystalline derivatives. Some further 
work has been done on the identification of the free amino 
acids in apricots and peaches. 

(f) Chemistry of Non-enzymic Browning.-Deteriorn
tion due to non-eozymic browning Is mainly encountered 
in concentrated or dehydrated foods, but it can occur at 
normal water contents if certain types of reactive com
pounds are present. Freeze-dried fruit purees have been 
used as the natural system for investigating the primary 
reactions leading to browning. The cationic and anionic 
constituents of browned and unbrowned purees were 
separated by displacement chromatography. Among the 
reaction products found in the browned puree were 1-(N· 
amino aeid)-1-deoxy-fructose, formed from amino acids 
and glucose, and esters formed from malic and citric acids 
and sucrose or glucose. 

(g) Protein Chemistry-(i) Urea and Heat Denatura
tion1 of Proteins.-Tbe phenomenon of denaturation of 
protr;ins by heat and organic solutes and solvents is well 
knmyn to the food technologist. However, its exact 
nature is not understood. A comparative study is being 

made in this laboratory of the denaturation of proteins b}' 
heat and urea. 

( ii) Protein and Amino Acid Metal Complexes.-A 
study has been made of the nature of the binding of 
copper and other metals to bovine serum albumin and 
certain amino acids. Attention is at present being focused 
on the combination of silver and mercury with proteins 
in the hope of devising suitable methods for kinetic studies 
on the liberation of -SH groups during protein denatura· 
ti on. 

(iii) The Chemist1y of Casein.-Casein was one of the 
first proteins to be obtained in a relatively pure form. 
Despite this, much of the chemistry of casein is obscure; 
for example, there is little agreement among investigators 
about the molecular size of a- and of fi-casein. Some 
clarification of this problem has come as a result of recent 
work in this laboratory, 

(iv) The Effects of Freezing on Proteins.-Altbough 
changes in the physical and biological properties of high· 
protein foods like meat and fish have been observed 
Lrequently on freezing and thawing, little work has been 
done to define and characterize these changes. Few 
attempts have been made to separate and study individual 
effects of freezing by using well-defined protein systems 
and controlled freezing conditions. Preliminary studies 
of this nature in this laboratory have shown no change in 
the viscosity and optical rotation of ovalbumin and 
a-casein on freezing and thawing. Loss of soluble protein 
in skim milk is apparently connected with changes in the 
casein micellc rather than changes at a molecular level. 

(v) Kjeldahl Determination of Total Nitrogen.-Work 
on the effects of temperature, catalyst, and oxidizing agent 
on the Kjeldahl determination of nitrogen has been 
extended to the microgram region. 

(h) Infra-red Spectroscopy.- During the three past 
years the infra-red spectroscopic work has largely been 
directed towards a study of limonin, the bitter principle of 
Navel oranges. The whole question of the emphasis of the 
infra-red work in future is at present being considered. 

(i) Polarography.-Some years ago it was realized that 
if the potentialities of polarography in the Division's 
analytical and physico-cbemical problems were to be fully 
.realized, accurate melhods for the measurement of the 
characteristics of polarographic waves would have to be 
developed. A study of this type has been recently 
concluded. 

4. MICROBIOLOGY. 

(Division of Food Preservation and Transport.) 

(a) Water Relations of Microorganisms.-An experi
mental study of the water requirements for growth has 
been almost completed for several strains of Clostridium 
bo111lim1m. Tbe lowest water activity permitting growth 
was close to 0.95, the lower limit being slightly lower for 
vegetative cells than for germination of spores. The water 
requirements for growth of Pseitdomonas fluorescens have 
been found to be similar to 0, 10, and 30° C. A species 
of Vibrio has been found · to require a comparatively 
narrow range of water activity for growth, the optimum 
zone being very sharply defined. 

(b) Bacterial Spores.-The great diversity in the heat 
resistance of the spores of different species of bacteria has 
been recognized for many years, but is so far un
explained. Some recent experiments have shown that 
spores which have a low resistance to heating in dilute 
aqueous solutions and most foods have their resistance 
greatly exalted when they are heated at low water activity. 
For very heat-resistant spores the increase in resistance 
achieved by controlled drying was much smaller. The 
differences in heat resistance which are manifest in dilute 
solutions tend . to disappear when the spores are heated 
under relatively dr~ conditions. Th~se observations sup
port the hypothesis < that heat resistance in bacterial 
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spores 1s associated wilh the maintenance of relatively 
dry conditions within the intact spore. The hypothesis 
suggests, for the first time; possible explanations for the 
great variations in resistance between the spores of various 
species of bacteria, and, if confirmed, , may provide a 
rational basis for attempts to reduce the resistance of 
those spores which at present require inconveniently 
severe canning processes for their destruction. 

(c) Freeze Drying.-Studies of the factors affecting 
death of microorganisms in dried storage have been con
tinued and a la rge number of storage experiments com
menced in the previous year have been completed. Many 
additional experiments arc still in progress. Protection by 
a range of non-reducing sugars, amino acids, and some 
carbonyl reagents has been confirmed with a number of 
organisms. The kind co-operation of workers in two other 
laboratories has made it possible to show that some animal 
viruses are also protected by amino acids. Although the 
theory that death in the dry state is due to reaction between 
carbonyl compounds and nmino groups on cellular proteins 
has received further support, direct chemical proof is not 
available. Applications for patent rights to certain im
proved pr6ccsscs for dried storage of microorganisms have 
been filed in several countries. 

'the construction of new equipment for study of the 
drying process under controlled physical conditions was 
completed. Performan ce of this equipment was con
siderably short of ex.pcctations, and some change of design 
will be necessary. 

The mortality which dried microorganisms may undergo 
during rehydration has not previously been studied and, 
in general, bas n ot even been recognized. This aspect of 
the problem has been studied intensively during the last 
twelve months and it is now clear that for some organisms 
the conditions of rehydration are of decisive importance. 
On the other hand, most organisms are apparently un
affected by wide variations in the conditions of rehydra
tion. While the experiments have revealed some of the 
ways in which mortality during rehydration may be con
trolled1 there is as yet no explanation available for the 
observed findings, or for tbe great differences in the sus
ce[:>tibility of various organisms. 

.5. MEAT. 

(Division of Food Preservation and T ransport.) 

(a) Co-operative lnvestigations.-Co~operation with the 
British Department of Scientific and Industrial Research 
has continued in the investigations of various pre- and 
post-slaughter conditions on the quality of frozen beef. 
The present work, in ex.tension of previous work, is con
cerned with detailed effects of relaxing doses of magnesium 
sulphate on beef with both rapid and normal slow freezing. 
The influence of pyrophosphate both specifically and as a 
means of producing hypocalcacmia has been studied. In 
these studies the previous criteria have been used together 
with an extension of the range of muscles studied, and 
delailcd study has been made of the content of amino acids 
and proteins in the drip by using chromatographic and 
ultracentrifuge techniques. Through the use of insulin and 
combined fasting and exercise, the range of ultimate pII 
values available for study has been extended, and con
siderably more information is available for the range near 
pH 6.5. The use of tuberculin to produce shock, and 
neopyritl11albin with exercise and antibiotic treatment to 
reduce avf\llubility of glycogen, have been effective in pro
dllcing l1igb tlltimutc pH Values. 

( b) 1Jioc/1e111istry.- In extension of investigations on 
comJj111'atlvc biochemistry of post-mortem changes, f11rthcr 
data bnvc been obtained on whale muscle. Attention has 
been given to oxidation-reduction potentials and tissue 
gases. Artnlogoils data have been obtained on beef muscle. 

(c) Bacteriology.-Studics on the relation between time 
of development of rigor mortis and rate of development 
of micro-organisms on ox muscle have been ex:tended to 

cow muscles. The relation in cow muscle would appear 
to be quantitatively less evident. 

The effects of temperature and nutritional environment 
on a selected organism capable of causing spoilage in 
beef at low temperatures a re being studied. Qualitatively, 
it has been found that the metabolism on a glucose medium 
is similar to that of some high temperature organisms of 
the same genus. The quantitative aspects of the influence 
of temperature are now being investigated. 

(d) Freezer Burn.- Extcosion of earlier studies has 
indicated tha t in the absence of weight losses increasing 
freezing time contributes to reduction of freezer burn. 
Fat content bas been shbwn to influence the results. Risto= 
logical studies have confirmed the presence of air spaces 
left by the evaporation of ice crystals and have demon
strated the advance of tho layer of air spaces with increas
ing severity of burn. 

Absorption of small amounts of glycerine or bexoses 
in the surface of liver slices has been effective in reducing 
freezer burn even under very drastic conditions. 

(e) Ozone Studies.- Conditions have been developed 
in which reproducible ozone concentrations in the environ
ment and reproducible bacterial load on meat slices can 
be obtained. Studies on the influence of low constant levels 
of ozone on organisms are in progress. 

6. FISH. 

(D ivision of Food Preservation and Transport.) 

(a) F11/ulame111al InveMigations .-Work has begun on 
some aspects of denaturation by freezing and by heating of 
muscle proteins in different fish species. 

Further studies have been carried out on melanins ob
tain~d from prll\vo tissues. 

(b) Applied Investigations.- The antioxidant properties 
of ascorbic acid used as a dip applied to fish fillets from 
two different species have been studied by means of tasting 
tests on ftozett stored material. 

" Fish st icks " prepared from scaliops and from edible 
shark flesh have been tested for their storage behaviour 
during chilled and frozen storage. 

Oil analyses of Tasmanian barracouta have been con
tinued for a further season . 

Work on the uptake of salt by the tail meat of whole 
crayfish during cooking in sail solutions of various strengths 
has been completed and a paper has been published. 

Processing studies have been carried out on the canning 
of t\lna and Pacific oysters. 

7. Ecc l Nvl!sTtGATroNs. 

(Oivision of Food Preservation and T ran.sport.) 

Changes durl11g Storage.-Certain disturbances, which 
include the developine"t of :i pin k colour in the white, in 
cold-stoted eggs have been traced to the ingestion by 
U1e fowls of plants from the family f..lalvaceae. These 
changes are similar to those taking place o\·er a longer 
period in notmal cold-stored eggs. 

The active agent isolated from these plants is a C18 
fatty acid. F rom the evidence supplied by selective hydro
&erta lion and also from Che infra-red absorption spectra 
of the acid and its partial hydrogenation product, the 
structure is at present partially defined as a fatty acid 
contain ing El propene rihg. 

8 . F1tESH Fnorr AND VEGETADLE STORAGE AND 
TtV.NSPORT. 

(Divis ion of Food Preservation and Transport.) 

(a) Get~era/.-Co-op.erativ~ research progral:nm.es were 
cont10ucd 10 collabora tion with the University of Sydney 
at the Plant Physiology Unit, with the New South Wales 
Department of Agriculture, both a t Homebush and at the 
Citrus ~ast~ge Research Laboratory, Gosford. and with 
the Un1vers1ty of Melbourne. The subjects investigated 



have raQgecI from basic problems concerned with the 
background knowledge of frui t growth and metabolism 
to applied problems of improving storage quality and 
decreasing wastage. 

(b) Plcmt Physiology arid Bioche111istry.- Work in 
collaboration with the universities is designed priocipally 
to study the physiological organization of the cell, the 
biochemical pathways, and the mech<lnisrns controlling the 
vital processes. Investigation of the fine structure of the 
plant cell was continued in collaboration with the Division 
of Industrial Chemistry. Electron microscopic examina
tion of the chloroplasts produced information concerning 
the development of their internal structure under normal 
conditions and the influence of light on such development. 
The effect of nutrient deficiencies on chloroplast structure 
was also examined. 

Owing to the absence overseas of the officer concerned, 
the investigations into the nature of plant cell surfaces 
have been suspended. 

The study of effects of inorganic cations and anions on 
beetroot mitochondria was extended to the oxidation ot 
reduced diphosphopyridine nucleotide. Experiments were 
continued on the seasonal variations of the respiratory 
characteristics of beetroot mitochondria. 

Studies on the development of peas were extended and 
possible mechanisms for tbe control of starch synthesis 
were considered. As starch is a major factor in deter
mining the quality of peas, this work may have an 
important bearing on our knowledge of maturation pro
cesses in general. Methods for tbe analysis of individual 
sugars in peas were developed and the changes in sugars 
during the growth of the pea were followed. 

Measurements were again made of the concentration of 
acid-soluble organic and inorganic phosphate in maturing 
pea seeds with results similar to those obtained last year. 

In collaboration with lbe Canning Section pea samples 
from commercial crops were ta]<en in Tasmania and the 
analysis of these may lead to an understanding of the 
changes in maturity as measured by the maturometer. 
The change in water content of the pea seed appears to 
be closely related to maturity. 

Work on the syn thesis of sucrose by plant enzymes was 
continued. The enzymes from peas involved in the 
utilization of sugars were further studied. The existence 
of an effect, analogous to the Pasteur effect, in cell-free 
extracts from peas was confirmed ~ind the mode of action 
of oxygen investigated. 

Phosphate carriers play a major role in the control of 
respiration. Methods have been developed for the deter
mination of a<lenosine diphosphate (ADP) and adenosine 
triphosphate (ATP) in plant tissue, and work has continued 
on their control of the "Pasteur effect" in pea seeds. 
It bas been suggested that the rate of respiration of fruit 
may be a function of the ratio ADP( ATP and that a 
rise in this ratio may underlie the climacteric rise in 
respiration. Much is known about the chemical changes 
in ripening apples, but it bas proved difficult to estimate 
accurately the ADP/ ATP ratio in this fruit and more 
suitable material is being sought for this work. 

The study of the physiology of the development of 
orange fru its on the tree was continued with Valencia 
oranges. 

(c) Applied Re.vearch.-(i) Gas Storage of Apples.
T_he. study of the effects of varying levels of carbon 
dioxide f!lld oxygen has been continued, particularly in 
relation to the development of superficial scald, Carbon 
dioxide influences mainly the retention of crispness, 
acidity, and fhtvour w)1ile oxyscn is mainly concerned 
with colour ch::mges. Scald is increased by carbon dioxide 
and is greatly reduced at low oxygen levels. The best 
atmospheric conditions for the 15as storage of the important 
variety Granny Smith appear to be 5 per cont. carbon 
dioxide nnd 2 per cent. oxygen. 

F.65931 56.-6 
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(ii) Scald Control on Apples.-Storage in an atm?
sphere containing t11e minimum content of oxygen will 
reduce the incidence of scald and preliminary te:)ts 
indicated that diphenylamine, as was foup.d in f\Jllerjca, 
may be an effective inhibitor of this serious storage 
disorder. 

(iii) Apples--General.-A survey of the temperature 
of carriage in three ships carrying apples from Tasmania 
lo Sydney showed no unduly bigb temperatures at dis
charge. An examination of the commercial fumigation of 
Tasmanian apples with methyl bromide, which was 
required to kill European red mite, showed that some 
varieties could be considerably damaged by the treatment 
and that the injury was very similar to the carbon dioxide 
injury " brown heart". 

(iv) Pears.- A further examimition was carried out 
of the factors responsible for excessive mould wastage in 
fruit from a large packing house, and work is proceeding 
on the relat ion of spore loads and foqgicid&J treatments 
to wastage. 

(v) Coflfrol of Wastage in Citrus Fruits.~Furt)ler 
work has been done on the time of application of the 
sodium orthopheuyl phenate dip developed to control 
mould in oranges. In the winter months the maximum 
delay between picking apd treatment for effective control 
is four days wbile in the warmer summer months the 
fruit should be dipped within 36 hours from picking. 
The eliminittion of the water rinse following the phenate 
dip, which is at present necessary to prevent " riP.d-burn " 
on susceptible frui t, would be a practical advantage. To 
this end work on the addition of various emulsifiers to 
the dip is continuing. The lemon storage investigations, 
which have shown how winter lemons can be stored 
successfully until the early summer months, have been 
concluded. The use of fruit wraps impregnated with 
sodium orthopbenyl phenatc has been found to give 
excellent control of mould attack, and endeavours are 
being made to eliminate the " rind-burn" which may 
follow their use, particularly in cold storage. 

(vi) Queensland Fruit Fly .- Both low temperature 
holding and fumigation with ethylene dibromide are well 
recognized methods of sterilization of fruits infested with 
frui t fly. In conjunction with the New South Wales 
Department of Agriculture an extensive survey was carried 
out with oranges from the main producing centres to 
define the conditions under which these treatments could 
be safely applied without injury to the fruit. Extensive 
data were obtained on the adequacy of shorter periods 
of low temperature storage for killing the fiy. As a result 
of this work successful representations were made to the 
New Zealand quarantine authorities to reduce the required 
period of low temperature treatment. This reduction 
will enable a wider range of oranges to be exported to 
that country. 

(vii) Packaging.-The use of sealed polythene case 
liners shows promise of being an easy means of increasing 
the cool storage life of apples and pears by effecting 
" in-case gas storage ", and this aspect of fruit storage 
is being further developed. 

The cos.ts of marketing fresh fruit are now so high as 
to threaten the prosperity of the industry. Elimination 
of the use of the standard wooden box as a container 
and adoption of some method of bulk handling would 
effect great savings. Possible alternative methods of 
packaging oranges for transport and marketing are being 
considered fo co-operation with the citrus industry. 

9. CANNING AND F.RUIT PRODUCTS. 

(Division of Food Preservation and Tr;msport.) 
(a) Ve9etable Canning.-The economic importance of 

green peas in lhe food processing industry in Australia 
prov.ides justincati?n for the sustained investigation of 
quality factors which was b~g\ln in 1944. During this 
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period emphasis has been given to the m_aturity of tbe 
peas at the time of harvest, si~ce the quahty _o_f the ra\~ 
material is the limiting factor Ill the acceptability of th., 
final product. It has been found poss~ble to state clearly 
the limits for desirable harvest maturity, and processors 
have been given information which will p~rmit them to 
harvest at the point desired. This matunty work w?s 
carried out initially in T asmania, but subsequent work in 

Victoria New South Wales, and America has shown that 
green ~eas conform in their maturity be~avio_UI to. a 
general pattern, which required some modification with 
respect to climate. . . 

The variety of pea is probably a pnmary facto~ in 

determining quality, and work has commenced on varietal 
evaluation using the knowledge gained in mat~r!ty studi~ 
to ensure comparison at comparable maturities. This 
work is in its initial stages. 

The operation of the pea viner, which recovers the peas 
mechanically from the vines, has been found to ex~rt an 
appreciable influence on the texture of pe~s. A senes of 
small-scale investigations of lbe effect of vt0er speed have 
been carried out for several seasons. Conclusions from 
this work were tested in Tasmania in January, 1956, under 
full-scale commercial operation and they were found to 
be valid. It is now possible to recommend a single viner 
speed for maximum pea recovery and for minimum 
damage, when peas are harvested at the correct stage of 
maturity. 

When peas are harvested at the most desirable stage of 
maturity they contain small quantities of second-grade 
overmature and undermaturc material. The separation of 
first- and second-grade peas by mechanical means presents 
a problem of some magnitude. The usual procedure for 
this purpose is gravity separation in salt solution in wh!ch 
the youngest peas tend to float :ind the most mature sink 
rapidly to the bottom. Separation in salt solution is com
plicated by factors other than the specific gravity of the 
peas, and the process is consequently being investigated 
with a view to improvement in efficiency. 

The initial series of investigations of maturity changes 
in green beans during crop development were completed. 
Canning quality in Landreth Stringless variety remained 
satisfactory until the beans reached 7 per cent. alcohol 
insoluble solids content, at which stage the seed con
tributed about 16 per cent. to the total weight. 

lnvcstigations of techniques for comparative evaluation 
of canning and of pulping varieties of tomatoes are being 
continued. The laboratory examination of canned 
material from the 1955 trials at Cowra and Richmond, 
New South Wales, is nearing completion. T he 1956 
trial at Richmond was ruined by adverse weather. 

(/•) Fruit Canning.-During several seasons it has been 
shown that trees of freestone peaches may be stripped of 
fruit in a relatively immature condition, which after 
ripening may be canned to give a product of satisfactory 
quality. Some inconsistencies in results have been 
attributed to the selection of the picking date by personal 
judgment, and the need for specific definition of maturity 
by mechanical or chemical means became apparent. A 
detailed study of fruit maturation to include growth rate, 
pit hardening, and changes in chemical composition has 
been started at Bathurst, New South Wales, with the co
operation of officers of New South Wales Department of 
Agriculture. Growth increment curves from fruit from 
eight trees suggest that a well-defined incremental peak 
subsequent to pit hardening may provide a reference point 
adequate for maturity studies. The work wiJl be continued. 

A procedure has been developed for caon.ing dessert 
berry fruit in syrup containing added pectin. The pro
cess improves the quality of the pack by retarding 
changes which normally occur on prolonged storage. 

A problem of tainting in canoed fruits was brought 
to the notice of the Division during the year and appeared 
at first to be of widespread significance since it was 
reported not only in Australia but also in Kenya, Malaya, 

and South Africa. After extensive investigations it now 
appears most likely that the tainting was caused by acci
dental contamination with lubricating oils from canning 
or canmaking machinery. With the co-operation of the 
Tatura Research Station of the Victorian Department of 
Agriculture, a trial was made of a number of organic 
pesticides applied to pears, but no evidence of tainting 
in the canned products was detected. 

Concentrated orange juice is being studied as a 
·pasteurized product. Heat penctratio~. measuremen~ _in 
rotating cans have defined the conditions for stability 
against microbial spoilage, and the flavour stability during 
storage of the pasteurized product is being examined. 

(c) Chemistry of Processed Foods.-Chemical studies 
of limonin, C2cH300 8, the bitter principle of oranges, have 
been concentrated on attempts to locate the various func
tional groups around the reduced naphthalene nucleus, and 
in particuJar to establish the group. relations~ps _which 
are responsible for the unusual reactions of limomn. It 
is now possible to propose partial structures for several 
degradation products and it is hoped that a study of an 
interesting series of C21 derivatives will further clarify 
the problem of the constitution of limonin. In addition 
a derivative of limonin containing an asymmetric centre 
and a heavy marker atom is being sought, in order to 
permit a direct determination of the molecular structure 
anti absolute configuration of limonio by X-ray crystal
lographic analysis. 

The natural red pigments, known as anthocyanins, 
which arc responsible for the characteristic colours of 
b:.:rry fruits, cherries, grapes, and beetroot, suffer deteriora
tion during processing and storage, and they accelerate the 
co1 rosion of the tinplate containers. As the first stage 
o( an investigation of the behaviour of anthocyanin pig
ments in canned foods, the pigments of blackcurrants 
have b;:en isolated and purified. T he two main con
stituents appear to be glycosides of cyanidin and del
phinidin. An allied problem is tbe appearance of pink 
colours in colourless foods during heat processing. In 
this connexion a study of the occurrence of Ieucoaotbo
cyanins in Packham pears bas been commenced. 

A study of the mechanism of destruction of chlorophyll 
during the processing of canned green vegetables has been 
commenced in an attempt to improve the colour factor in 
such products as canned green peas. 

(d) Container Jnvesfigatio11s.-Studies of the effect of 
different amounts of initial oxygen in the beadspace of 
canned acidified beetroot on subsequent production of 
hydrogen gas during storage were continued. Gas pro
duction has been followed in two test packs of beetroot, 
and results confirm that high initial oxygen levels acceler
ate hydrogen production in store. Importance attaches 
to these results because of commercial losses in canned 
berries and acidified beetroot due to hydrogen swelling. 

Further observations have been made on the perform
ance of universal can lacquers tested with a range of 
canned products. Results have led to the testing of 
modified formulations with sufficient improvement in per
formance to warrant an extension of their commercial use 
during the year. 

The investigation of electrolytic differential tinplate in 
co-operation with the Commonwealth Caomakers' Asso
ciation has been continued. Twelve test packs in 1 lb. 
electrolytic plate have been compared in performance 
with the sar;ne material in standard hot-dipped 1.25-Ib. 
tinplate. Foods selected for the work included those 
which normally require lacquer protection for sulphur or 
acid resistance as well as some which are packed in 
unprotected cans. In most cases the performance of both 
types of plate are similar and satisfactory. With several 
products electrolytic tinplate was found to be inferior to 
that dipped, while in one outstanding test the reverse was 
found to be true. As yet there is no systematic cause 
apparent lo account for these differences in behaviour. 



Samples of heat-resistant plastic film capable of with
standjng retort temperatures to which canned foods are 
normally subjected were tested with a number of low acid 
and high acid foods. Claims for heat resistance were 
confirmed, but the heat welded seams were found to 
provide a point of weakness, and further investigation 
into alternative methods of sealing is indicated. Such 
packs, when perfected, may prove of value both for 
military nnd civilian purposes. 

I 0. FROZEN FRUITS AND VEGETABLES. 

(Division of Food Preservation and Transport.) 

Investigations of the freezing of fruits and vegetables 
are conducted jointly by the New South Wales Depart
ment of Agriculture and the Division of Food Preserva
tion and Transport. 

(a) Freestone Peaches.- Experiments on the use of 
nscorbic acid for preventing discoloration in frozen peaches 
were completed during the year. The results were in 
agreement with those of the previous season in which it 
was foun d that the level of ascorbic acid should be at 
least 150 mg.lib. There appeared to be no further im
provement in quality when the amount of ascorbic acid 
was increased beyond the I 50 mg./ lb. level. There were 
some differences between varieties in the effect of any 
particular amount of ascorbic acid, but the maximum pro
tective effect was generally obtained at the above level. 
Rates of loss of ascorbic acid during the storage 
were determined. 

( b) Derry Frnirs.-Studies on the freezing of berry 
fruits were undertaken on a co-operative basis with the 
Organization's Tasmanian Regional Laboratory and the 
Tasmanian Department of Agriculture. Most of the past 
year's work was related to the storage life of the products 
at temperatures of 0 and 14 ° F. Samples of frozen 
raspberries at L 4° F. showed a significantly greater 
deterioration in wholeness and shape when compared with 
those stored at 0° F. Significant changes in quality with 
increasing time of storage were observed at both tempera
tures for both raspberries and strawberries. 

(c) Peas.-Expcriments on the suitability of pea 
varieties for freezing have continued. Studies oo the 
maturity of peas for freezing have been extended to a 
commerciol plant. While this work is still at an early 
stage, it hns al ready yielded results which have been of 
practical value to processors. 

The deterioration of "vined " peas during handling anu 
transport before processing has been a major project in 
the freezing research programme. Data from the work 
of several seasons give a fairly clear picture of the nature 
of the deterioration and the effect of factors such as time 
and temperature of holding on palatability, ascorbic acid, 
and sugar content. 

(d) Sweer Com.- A comprehensive experiment on the 
relationship between quality and maturity was undertaken 
c.luring the year. While considerable amount of data on 
the value of different laboratory tests in assessing the 
maturity of frozen sweet corn was obtained, the results fo r 
the quality-maturity relationship were inconclusive. It is 
probable that the occurrence of prolonged wet weather 
dtu-ing the harvesting period may have been responsible 
for some inconsistencies in the results. The work will be 
repeated next year. 

(e) Stri11gless Beans.-Tests of recent introductions of 
stiiogless bean varieties were undertaken during the year. 

(f) Misce/la11eo11s.- A comparison of a photometric 
method of determining ascorbic acid in frozen peas with 
the standard titrimetric method was made. The values 
for the photometric method were slightly lower on the 
average than those for the titrimetric method. There 
appeared to be very little prnctical advantage in favour 
of the photometric method. 
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An experiment, in which four transparent plastic 
packaging materials were compared showed no differences 
in the quality of frozen peas stored in containers made 
from those materials. 

The use of pectin in improving the appearance of 
frozen fruits was investigated in a small trial with 
bananas, papaws, and strawberries. 

I I. DEHYDRATED FOODS. 

(Division of Food Preservation and Transport.) 
( (I) Vegetables.- A study was mac.le of the size

maturity relationships on a pea crop at Hawkesbury Agri
cultural College with a view to determining the optimum 
harvest time for dehydration. The maturometer readings 
were used for determining the levels of maturity on the 
tests. This initial trial suggests that peas for dehydration 
should be harvested at least one day before peas for can
ning in order to produce optimum quality. 

An experiment was commenced to provide data on the 
rate of deterioration of dehydrated pcas stored in cans 
containing different tensions of oxygen. 

Various freezing and thawing treatments were applied 
to carrots before drying ia an attempt to increase drying 
and reconstitution rates. Fast freezing followed by :.low 
thawing resulted in a faster drying rate initially, but over 
the full drying times no significant difference:. occurred. 

(b) Fmit.-Experiments on the factors affecting the 
uptake and retention of sulphur dioxide gas by cut fruib 
before· dehydration have been continued. More exact 
data bave been obtained on the weight-surface rates as 
this affects absorption. Means of improving retention 
look promising. Apricots. peaches. and pe:is were used 
as experimental material. 

P ropylene oxide has been effective in preventing mould 
development in prunes with moisture contents up to 
33 per cent. which arc packed in sealed " moisture-proof ·· 
ba~. Work on lhe estimation of propylene oxide or it., 
hydrolysis product, the glycol, is proceeding. Sorbic acid 
which has been used widely as a fungicide in food 
products overseas t1lso looks promising for high-moisture 
prunes. 

Some work was done to assist cherry growers in 
improvec.I methods for brining cherries. Better efficiency 
and quality is needed to meet competition by importe<l 
fruit. The work was hindered by heavy losses in the 
field owing to wet weather. 

(c ) Menr Deliydration.- (i) Dehydraled Mutton.
Long-term storage experiments have been continued. The 
invest igations, which were designed to measure the effects 
on storage life of residual oxygen in gas packs, have now 
been completed. The results should make it possible to 
fix safe levels for commercial gas packing. 

The study of the effects of flavouring additives both on 
flavour and on shelf life has been continued. 

Experiments have been designed to limit deterioration 
during storage by controlling the "browning reaction ". 
These include treating the meat with different quantit ies 
of sulphur dioxide and by lowering the moisture content 
of !he meat in the can by the inclusion of a desiccant. 

C lose liaison with similar laboratories in the Unitell 
Kingdom and New Zealan·d has been maintained. A joint 
experiment with the British laboratory has been carried 
out to compare e!Tects of raw material (Merinos versus 
English breec.ls of sheep), methods of processing. and 
methods of tasting. 

(ii) Dl'l1ydrated Beef.-Storngc studies on dehydrated 
beef mince are being continued. 

A joint experiment bas been carried out with the New 
Zealand D.S.I.R. meat laboratory. Dehydrated beef 
chun ks prepared from different grades of meat were dried 
under vacuum in New Zealand and storage studies on the 
material arc now in progress in Australia. 



l'l.. WINE. 

(Oenological Investigations, Waite Agricultural Research 
Institute.) 

The investigations directed by th~ Committee on 
OeQological Research are carried out at the Wa.itc 
Agricultural Research Institute &nd are concerned w11 il 
technological problems of the wine industry and improvin g 
Lhe quality of Austra lian wines. 

(a) Malo-lac1ic Fermen1atio11.- Furti)er data have been 
collected which indicate that bacterial decomposition ol 
malic ncid is particularly common in dry red wines having 
pH values above about 3.6. 

In more acid wines and particularly in white wine~. 
however, this fermen tation occurs very irregularly. St udies 
with pure cultures in the laboratory have indicated thul 
s truins of the bac~erja differ in their tolerance to <1c idi ty 
and that acid tolerance is influenced by alcohol content 
and sµg11r content of the medium. The bacteria 
responsible for malolactic fermentation belong to the 
genus Lac1obaci/lus and are capable of causing spoilage of 
wines un9cr certain conditions. 
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(b) influence of Co111111ercial Refrigera1io11 011 Wi11c 
Co111positio11 .-Thc refrigeration of wine to precipitate 
excess potassium bitartrate is an important aspect of wine 
maturation in Australia, and refrigeration is also claimed 
10 improve Lhe quality of wine in other ways. An 
examination of wines before and after commercial 
refrigeration was undertaken to measure the changes in 
composition brought about by the treatment. Change::. 
were observed in tartaric acid, potassium, red pigment, 
Litratable acid, iron, copper, to tal nitrogen, and pH. 

(c) Lead Co11te11/ of Australi1111 Wi11es.-The British 
Ministry of Food has recently introduced a legal limit 
for lea<.l in wine of one part per million. A range of 55 
Australian wines were analysed and all were foun<.l to 
contain less than this li!}1it. The Ministry has iniimatcd 
Lhat they intcnu to reduce the limit and accordiqgly furr hcr 
work is in progress to find out the sources of leac:! in wine. 
Results to elate indicrJLC that most of the lead present arises 
from contamination with leap containing winery materials. 
such as brass equipme11t and rubber hoses, :uicl the use of 
lead sprays i11 1he vineyard. The lead content of washed 
grapes is uniformly low. 

13. DAIRY PRODUCTS. 

(Dairy Research Section.) 

(11) Ge11er<1l.-At the beginning of the year, the Dairy 
Res~arch Section moved into modern, well-equipped 
laboratories at Highell, Victoria, and has already felt the 
benefit of the improved facilities. 

The Ofliccr-in-charge spent six weeks in India anti 
South-East Asia. He visited lndia as a member of a team 
set up by the Food and Agriculture Organizatio11 to stucly 
the scope for providing assistance 10 city milk supply 
schemes, including the use of " toned " milk. On his 
way home, he also uiscussed reconstitution schemes wjth 
civic authorities in Singapore and Darwin. 

Two officers represented the Section at the annual 
meeting of the American Dairy Science Association in 
June. 

An officer of the Section is spending a year in the Dairy 
Science Depar1mcn1 of the P ennsylvania State University. 
He is st udying flavour defects assoclatod with the irr:t(fo
tion of dairy producls. 

During the year. L2,000 freeze-dried cultures of cheese 
~tarter bacteri<i have been distributed to Australian chcc'c 
factories, through the various State Departments of 
Agriculture. 

Th': Q~ccnslund Butter Board and other industrial dairy 
orgamzattons have made use of the pilot-plant faciliti Js of 
lhe Section in vurlous developmental projects. 

Close co-operation has been maintaincu with Stute 
Departments of Agriculture, dairy manufacturing com
panies, and dairy engineering firms. The assistance given 
by these organizations is gratefully acknowledged. 

(b) The Utilization of Skim Milk Solids.-Tbe modified 
rpjlk protein prod~ct developed for use in cake-making is 
creating interest in the pastrycook trade. New baking 
formulae and mixing techniques have been developed to 
facilitate the use of this product. 

The study of scientific aspects of the processes involved 
in the modification of milk protein has been continued. 
The detrimental effect of lactose on the development of 
maximum foaming capacity was further studied, and whip
ping tests, development of browning, and the increase in 
acid-ferriGyanide reducing groups all showed the effect to 
be less whe11 tho protein and calcium hydroxide were re
acted for some time before adding lactose to the system. 

The viscosity changes occurring on the addition of cal
cium hydroxide were found to be almost identical in the 
case of skim milk concentrate and dialysed skim milk with 
the same protein-water ratio, which indicated that lactose 
plays no part in the reaction. 

(c) Vica111i11 Fortificc1tion.-Thc project on the vitamin 
A fortitication of skim milk powder is nearing completion. 
Jt has been found that vitamin A can be carried Ui a 
hydrogenated coconut oil vehicle, and should be homo
genized into milk concentrate before drying. Tocopherols 
are the most suitable antioxidants. Tests have shown 
that a very high percentage of the vitamin in the fortified 
powder will survive for long periods at equatorial tempera
tures. 

The ia!luence of several variables has been studied. 
These variables include preheating treatment, " instantiz
iog ", and the use of variant forms of the vitamin. 

(d) Markel Milk m1d Cream.-Sevcral years ago a 
survey revealed that light-induced "oxidized" off-flavours 
were previllcnt in the Melbourne domestic milk supply. 
The protective effect of amber-glass bottles and wax.ed 
paper cartons has been s tudied. Both containers reduce 
the inci(lencc of ofl'-flavour due to sunlight. The beneficial 
effect of amber glass is offset by a pronounced temp~ra
ture rise in 1he milk, due to the greater heat absorption of 
the glass. Waxed cartons. on the other hand, have an 
insulating effect, keeping the milk cooler. 

The development of oxidized flavours in milk and other 
dairy products has been attributed to the oxidation of 
phospbolipins. These compounds arc present in low con
centration. and their isolation has hitherto proved difficult. 
New chromatograph ic techniques are being applied to the 
isolntion and identification of phospholiplns as a first step 
towards a belier understanding of their role in flavour 
deterioration. 

The marketing of table cream \\OUld be made easier if 
its keeping quality could be extended. and experiments with 
this aim are being carried out using the antibiotic preser
vative substance nisin. (Nisin is a by-product of certain 
lactic bacteria; nil te~t~ so far have shown it to be entirely 
harmless wlien consumed.) 

(e) Microstruc111re of Dairy Producls.-CCrtain syn
thetic surfactants. when added to milk before drying, arc 
known to increase l11e wettability of the milk powder. 
1Vlicroscopic studies have shown that the surfactants cause 
fat clumps and glohulcs to disappear from the surface. 
Thus with no fat in the surface layer, the dry powder 
particles arc more hydrophilic. Quantitative studies of the 
hyurophobization of fat glohnles on the ~urfacc of milk by 
the action of alcohols show prono1rnced differences in effect 
hctwce11 various alcohols. Analogies could be drawn with 
the splitting effect of certain alcohol~ on biologically im
portant lipoprotcins. 

A technique for s taining bacteria in very thin sections of 
milking machine rubbers has been developed. The micro
scopic p icture supports American observations on the re
tention of bacterial agglomerates by cracked and eroded 
rubber surfaces of milking machine parts. 



(/) Cheese Swrlers.-A search for a new, more active 
tbermoduric starter for use in the new short cheese process, 
yielded a fast acid producing stmin of Sir. thermophilu9. 

Antisera lo lactic phage races have been prepared ih 
rabbits. A method for determining the concentration of 
1bese an1ibodies has been selected. 

The susceptibility of cheese starters to various inhibitory 
substances such as the antibiotics penicillin and nisin, and 
the naturnlly occu rr"ing Juctenin, ore being studied. Datil 
obtained in these studies should be of practical value to 
cheese-makers. 

(g) Cheese Ma1111/ac1ure.-Thermoduric starters have 
been found to contribute appreciably to acld production 
in the manufacture or Cheddar cheese by the new method, 
and it has been found possible 10 correct the defects due 
to high pH in cheese made by this method. 

The development of the new method has Jed to the 
completion of preliminary work on mechanization. A 
"cheddaring" or curd-fusing machine has been designed 
and is under construction. 

A search is being made for methods for the produc
t ion of other varieties of cheese on the factory scale, with
out excessive use of Jabour. 

Two procedures have so far been worked out. One 
process is for a cheese closely resembling the Edam 
variety, and the othct is for a harder "Roman " type. 
Both procedures arc extremely simple and amenable to 
mechnnizntion. The cheeses have been produced so far 
only on the pilot sca le. 

(11 ) So/ids-1101-/at Deter111i11a1io11 .-Jn an effort to pro
vide a suitable simple field test for the determination of 
solids-not-fat in milk, an extensive study of lactometry is 
being made. Datu on the errors, limitations, and possi
hilities or the lactomctcr are being collected. 

14. DRIED VINE FRUITS. 

(Commonwealth Research Station , Mcrbein.) 
Trials for the J 956 hnrvcst on the commercial cold dip

ping oils for sultanas showed that all oils produced dips 
of similar stability and drying properties, and fruit of the 
same quality. T rials at Woorinen with the boiling sulphite 
dip indicated that a sulphite spray retarded the drying 
rate and produced sticky fruit of a lower grade. It was 
shown to be possible to use the cold dip in the Swan Hill 
district to dry sound fruit satisfactorily without green tinge 
and mould losses. Jncreasing the oil concentration of the 
sulphite dip retarded the drying rate. 

The ease with which a cold dip ferments increases with 
increasing sugar content in the dip liquor. There is 
initially a gradual decrease in pH to about 9.3 after which 
there is a rapid decrease in pH accompanied by fermenta
tion. 

Further studies on the physico-chemical aspects o.f grape 
drying showed that the hea t transfer from the air stream 
to the grape is a very important factor in the drying opera
tion. This heat transfer is required to supply the heat of 
evaporation of water and to heat the fruit to equilibrium 
drying temperature. Indications are that drying rate is 
controlled by diffusion of water through the cuticle, being 
inversely propottior\:ll to the amount of cuticle that can 
be removed by extraclion with a volatile organic solvent. 
Durlbg drying, the permeability decreases owing to an in
crertse in the relative thickness of the cuticle caused by a 
contraction or the skin. Experiments at·different tel'npera
tures suggest that the permeability increases approximately 
twofold for a 1 0° C. rise in temperature. 

XIV. FOREST PRODUCTS. 

1. GENERAL. 

Australia is not a heavily forested country, al though a 
wide tange of cucalypts and other speeies of timber is 
available. Full and proper use of existing timber resources 
is therefore essential. and this can can only be achieved 
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with the aid of fundamental data on the properties, 
potentialities, and correct methods of treatment of our 
timbers. 

The Organization's Division of Forest Products1 with its 
laboratory in Melbourne, was formed to carry out investi
gations on Ausirali:in forest products and to give direct 
assistance to all concerned in the utilization of forest 
resources. Its work is directed toward the more effective 
~1se of those resources, by reducing waste in forest, mill, 
and factory; by reduciJJg losses from decay and insect 
auack; and by improving the quality of timber produced 
in the growing forest by the study of the relationship 
between si lvicultural treatment and timber products. The 
work of the Division is reported in this chapter. Some 
work on timber pests is undertaken by the Division of 
Entomology (see Chapter IX.). 

Division of Forest Products.-Althougb the level of 
operation of wood industries fell somewhat during the 
yeat, there was an increase in inquiries, which exceeded 
J 0,000. Visitors to the Division were approximately 
1.900, as for last year. 

The outstandilig feature of Che year was the increased 
contribution towards the funds of the Division from out
side sources. In addition to the contributions from the 
Pulp anu Paper fndustry which were continued, general 
contributions rose to over £3,000 from some 40 organiza
tions and individuals, and substantial contributions for 
pole and plywood research were arranged. 

Following discussions between the State Electricity 
Commission of Victoria, the Postmaster-General's Depart
ment, and 1his Division, a Committee was formed with 
representalion from the Electricity Supply Association of 
Australia, representing all major supply authorities, the 
Postmaster-General's Department, the Victorian Forests 
Commission, and the Division of Forest Products. It was 
ciecided to proceed with the pole investigations, and a basis 
for contributions towards the cost of the work was 
arranged. Total receipts approximate £8,500 from 32 
di!Ierent authorities, and the value of material supplied in 
addition has brought total contributions over £10,000; a 
similar amount has been promised for the coming year. 
A pleasing feature of the arrangement is the large range of 
pole users interested so that rapid application of fest 
results is assured. 

l'lfr1 year it became necessary to decide whether to 
;tbaadon work on ply\vood or to reorganize it. Following 
discussions with lhe Australian Plywood Board, agreement 
was reuohed whereby the Board will contribute £8,000 per 
year towards the cost of this work. Herc again participa
tion by lhe industry will faciiitate application of the 
research results, and the Board has set up a small technical 
panel to keep in close touch with the Division. This 
example could well bi:: followed by other wood industries. 

The timber mechanics iiivestig<1tions at the Engineering 
School, University of Western Australia. have been 
continued. 

The Chief of the Division, Mr. Stanley A. Clarke, visited 
Forest Products Laboratories in United States of America, 
Canada, Eo,gHmd, Sweden, and Germany, while overseas 
in 1955. Mr. H. G. Higgins, of the Wood Chemistry 
S!ction. attended lhc Fourth International Congress of 
flure and Applied Chemistry at Zurich in July, 1955, and 
the Third (nternittional Biochemical Congress in Brussels 
in August, 1955. Mr. W. E. Hillis, of the Wood and Fibre 
Structure Section, attended the symposium on " Vegetable 
anti Synthetic T annins ,. which was held at Cambridge in 
April, 1956. 

i'he F ifteenth Pulp and Paper Co-operative Research 
Conference was held at the Division in January, 1956. 
The Eighth Australian Forest Products Research Coa
fetence was held in Melbourne in April, 1956, and 
attended by officers from the Australian and New Guinea 
i:,•orest Services. During May, 1956, a symposium on 
" The Sorplion of Water by Porous Materials " was held 
for officers from fifteen divisiohs of C.S.I.R.O 
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2. Wooo AND FrnRE STRUCTURE. 

(Divis io1~ of F orest Products.) 
(a ) ldentificatio 11 a11d I dentification Methods.-Some 

700 timber ~pecimens were identified during the year for 
various organizations. Jn addition, more than 450 New 
G uinea wood specimens were identified on behalf of the 
Land Research and Regional Survey Section. A revised 
c:mJ has been prepared for use in the card sorting key 
based on macroscopic features. I n the revision full 
consideration has been given to inclusion of additional 
features while at the same time taking care not to 
interfere greatly with the format of the existing card. The 
first work with the new card has been carried out with 
selected timbers from the New Guinea region. 

(b) Anatomical lnvestigarions-( i) Wood.-The struc
ture of Corynocarp11s, a genus confined to Australia and 
the south-west Pacific area, has been studied in some detai l 
because of the great resemblance of its wood a.natomy to 
that of members of the group known as Srerculia B. From 
examination of material recently come to hand, the final 
determination of unknown wood specimens from New 
South Wales and New Caledonia, as belonging to the 
genus, bas been completed. Work is continuing on the 
woods of Burseraceae and Sapindaceae from the south
west Pacific area, and preliminary plans are in band for the 
examination of woods of Vcrbenaceae and Aeorarpaceae. 

(ii) Bark, &c.-Specimens of bark of various Myrtaceae 
have been collected and are awaiting examination. Further 
hybrid material from a suspected E. radiata x gigantea was 
examined, and bark features of both parents were found 
10 be present. These features would not of themselves 
indicate hybrid p arentage but they afford strong confirma
tory evidence. The regenerative tissues in cucalypts are 
being studied. 

(iii) Structure of Pits.-Examioation of the very early 
stages of pit development in conifer tracheids and wood 
fibres showed that the membranes have the typical primary 
wall structure. Preliminary experiments have been 
carried out on tbe penetration of various colloidal materials 
into hardwoods with a view to defining the properties of 
this membrane. T he disposition of the various layers of 
the secondary wall around bordered pits of conifer 
trachei<ls has been det'ermined. 

(c) Morp/10/ogica/ Aspects of Lignification.- A study 
has been made of lignificatioo in the differentiating 
xylem of Pinus raditlla and various species of Eucalyptus 
at different times during the growth cycle. In both cases 
lignification was observed to begin at the cell corners and 
thereafter spread along the intercellular layer towards the 
more mature tissue. Observations such as these are 
consistent with the idea of a centripetally diffusing pre
cursor. However, in primary wood a different condition 
exists; in the protoxylem the middle lamella zone remains 
unlignified even after formation of secondary xylem com
mences. H ere, where differentiation is longitudinal, the 
course of lignification does not agree well with the concept 
of a diffusing extra-cellular precursor. An overseas worker 
has reported that lignin may originate by oxidation of the 
phenyl-propane type precursor in the presence of hydrogen 
peroxide and peroxidase. Following his work the distribu
t ion of peroxidase in various specimens of Pinus and 
Eucalyptus has been studied. In general it was observed 
that in the xylem the peroxidase activity was higher in 
regions of low lignification (using comparable ultraviolet 
absorption pbotomicrographs). Thus, peroxidase activity 
was high in the zone of differentiating xylem and also in 
the unlignified intercellular layer and the primary wall in 
the primary wood of P. radiata. The most striking obser
vation, however, was that of intense peroxidase activity 
in tension wood even in zones far removed from the 
cambium. Attempts to produce lignification in these areas 
by culturing in the presence of suitable precursors have 
not so far been successful. The above investigations have 
been extended by the study of lignifica tion in Phormi11111 

tl'nax, a plant which because of its method of growth, 
produces excellent m::iterial for examination. Here, too, 
the progress of lignification was complementary to the 
distribution of peroxidase. 

(d) Sm1c111re of Isolated Lignin.- Extremely small 
fragments of material isolated after treatment of thin 
transverse and longitudinal sections of Nothofagus 
c111mingha111ii were examined in the electron microscope. 
The lignin which is the residue after such treatment 
appeared to exist in two forms-(i) as a porous foamy 
structure, in which pores 100-200 A in diameter were 
observed. presumably from the cell wall, and (ii) a 
relat ively thick membranous material with no recognizable 
submicroscopic organization, presumably from the inter
cellular layer or the primary wall or both. The pores in 
the cell wall material possibly represent sites originally 
occupied by the ccllulosic microfibriJs. 

(e) Surface Gro1v1/i i11 Plant Cells.-The concept of 
multi-net growth of the cellulosic microftbrils in developing 
cells, as proposed by overseas workers. applies also to 
coleoptile parenchymu and in no way conflicts with 
previous conclusions. T here remained the problem. how
ever, of demonstrating the site or sites of cellu!osic syn
thesis in the cells. This was done by growing coleoptile 
segments in solutions of labelled glucose which became 
incorporated in the cell wall as labelled cellulose. The 
segments were macerated and autoradiographs prepared 
from them. These showed a quite uniform distribution 
of radioactive cellulose over the cell surface, clearly 
confirming the previous claim of the absence of polar 
growth. 

(/) Low Angle Scal/ering of X-rays by Wood.
A trcntion has been directed to the changes in the scattering 
tliagr,.ins which accompany the shrinkage and swelling of 
wood. particularly tension wood. Results indicate that the 
scattering angle decreases on drying and that the initial 
scattering angle is not attaineJ on reswelling in water. 
Provisionally. these results-which hold for normal wood 
to a less cxagerated degree-have been interpreted to 
mean that the micelles aggregate to form larger units in 
drying and that this change is to a degree irreversible. 
On ~welling beyond the water-swollen di mensions with 
alkali, the results indicate, as expecleu, an increased inter
mieellar distance. Examination b)' electron microscope 
of the material appeared to con.firm these conclusions. 

(g) Bark and Wood Extractives.-Work bas continued 
on the examination of mangrove tannin extracts in 
order to assist the development of the cutch industry in 
New Guinea. Samples of barks from New Guinea species 
have been analysed for tannin content, with promising 
results. T he value of E. astringens for plantations has 
been fur ther emphusized from results obtained from the 
hark of several specimens five years old grown in Victoria; 
the tannin content varied between 44 and 54 per cent. 

3. Wooo CHEMISTRY. 

(Division of Forest P roducts.) 

(a) Lignill and Related Compounds.-By utilizing 
knowleugc gained in the investigation of residual ligoin 
in pulps. a spectrophotometric method has been developed 
for the uetermination of lignin in cucalypt pulps. This is 
simple, rapid, and applicable to low lignin contents for 
the determination of which the ordinary chemical methods 
are unreliable. 

The distribution of two fractions of methanol lignin 
and of the various impurities associated with them after 
rcsolu_t io~ in a Cr:iig machine has been determined by 
4uant1ta11ve chromatography. The results show dis-
1ribution curves or the various impurities to be distinct 
from those of the lignin, but there is still considerable 
OV;!rlnp between ~o~c impurities and the lignin of high 
RF value. The distribution of the latter was rather broad 
and suggestive of n group of substances rather than a 



single substance. The Jignin of low Rp value appeared 
to be almost completely free from impurities, and a small 
specimen has been recovered as a white solid. 

( b) Heterogeneous Hydrolysis of Wood Polysaccharides. 
-The dissolution of "holocellulose '', during hydrolysis 
with several concentrations of sulphuric acid between 0.01 
and 12 per cent., shows a temperature coefficient, per 
10° C., of 3.4 ± 0.1. The constancy of this coefficient, 
for all the concentrations of sulphuric acid used, indicates 
that a change in mechanism from reaction to diffusion 
control, during the djssolution of the amorphous poly
saccharides, is highly improbable. 

(c) Chemistry of Tension Wood.-Composite speci
mens of tension wood, the wood opposite the tension wood, 
and the side wood, from four trees of E. goniocalyx, have 
been analysed. As with other specimens of tension wood, 
that from this species was found to have a high a-cellu
lose and low lignin content in comparison with the other 
samples examined. When the results arc expressed in 
terms of a given amount of lignin, the tension wood shows 
abnormally large amounts of polysaccharide which is 
richer in galactose residues than are the " opposite " and 
"side" wood polysaccharides. The ultraviolet absorption 
spectrum of tension wood lignin showed the characteristics 
of mature wood lignin to a greater extent than did those 
of " opposite " and " side " wood lignin. This may indi
cate the earlier arrest of lignHication in tension wood. 
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(d) Pulping of Tension Wood.-Chemical pulps pre
pared from the tension wood of specimens of E. reg11ans 
and E. nitens were inferior in properties to those from 
normal wood of the same species, the poorest pulps being 
obtained from the tension wood with lowest Jignin and 
pentosan contents. Pulps prepared by mechanical means 
showed the opposite trend, the qual ity decreasing as the 
Jigoin and pentosan contents of the tension wood 
approached those of normal wood. 

(e) M echanism of Delignification.-Investigations ot 
the mechanism of alkali pulping under condHions of con
stant temperature and sustained alkali concentration during 
cooking have been completed. The rate of change in 
yield and the rates of ligDin and pentosan removal could 
not be fitted to a rate equation of any integral order. 
Temperature had the greatest influence on delignification, 
pentosan removal, and cellulose loss. At any given tem
perature, delignification was controlled mainly by the con
centration of the cooking liquor, while the pentos:m 
removal was governed mainly by the total amount of 
alkali used regardless of time concentration and flow 
rate; the cellulose loss was almost independent of every
thing but time. 

(/) Pulping of New Guinea Titnbers.-Pulps have been 
prepared from Araucaria klinkii by the following pro
cesses: neutral sulphate, high-yield sulphate, kraft semi
chcmical, and cold soda. The last-named process gave 
poor-quality pulps, but the others produced pulps com
parable with those from the northern hemisphere paper
making species treated by the same processes. The krnft 
semi-chemical pulp had a much higher tearing resistance 
·tban those from the other processes. Veneer waste from 
A. klinkii was pulped by the sulphate process giving a 
high strength pulp similar to those made from hand-made 
chips of the same species. Cold soda p ulps have breo 
prepared from species of the mangrove association and 
from eucalyptus deglupta. One of the species from the 
mangrove areas, viz. Excoecaria, produced a very satis
factory grade of pulp. 

(g) Semi-chemical Pulping of E11calypts.-The cold 
soda process has been examined in some detail for 
E. regn.ans. Increased concentration and temperatures 
gave slightly faster penetration, but complete penetration 
was not necessary to give a satisfactory pulp on sub
sequent dcfibration. An alkali concentration of 2 per 
cent. at room temperature applied for a period of 4 hours 
gave a satisfactory pulp. 

(/1) I11terfibre Bonding.- Properties derived from stress
strain curves are now used as a routine measurement of 
interfibre bonding. Pretreatment of papermaking fibres 
with the various swelling agents was found to influence 
the interfibre bonding capacity. Swelling changes the 
fibre structure and with it the number of hydroxyl groups 
available for interfibre bonding. Vapour pressure history 
does not exert an influence on the rheological behaviour 
apart from that of the total sorbed water. 

(i) M echanism of Beating.-The nature of the changes 
produced on beating fibres was investigated by varying 
swelling properties. This was done by substituting the 
hydroxyl groups to various degrees, using substituent 
groups of different sizes, before beating. The results sup
ported theories which postulate that swelling and hydration 
are the essential changes on beating. An increase in the 
interfibre bonding capacity of lightly beaten fibres at low 
degree of substitution can be correlated with the trend in 
swernng capacity. No initial rise in bonding capacity was 
observed for well-beaten fibres; this showed (hat the sub
stitution effect for unbeaten fibres partly simulates the 
beating process. For a constant degree of substitution 
prnpionylation js more effective than acetylation in reduc
ing interfibre bonding. 

(j) Cellulose R eactivity.-Factors influencing the rate 
of reaction of the hydroxyl groups of fibrous cellulose 
haye been studied. The density of tJ1e hydrogen bond 
network appears to be a major underlying factor in the 
reactivity of cellulose in any solid form. Attention has 
been paid to the kinetics of acetylation, which can be 
interpreted either on the basis of simultaneous diffusion 
and reaction in a rnicroheterogeneous system or in terms 
of the accumulation of reaction products in a quasi
homogeneous system. T he rate at which the hydrogen 
atoms of the hydroxyl groups of a cellulose film can be 
exchanged for deuterium when the film is exposed to heavy 
water vapour has been examined by infra-red methods. 

(k) Papermaking Properties of Thick-walled Fibres.
Throughout the world and particularly in tropical regions 
there are large quantities of timbers with thick-walled 
fibres, the papermaking qualities of which are not satis
factory for many purposes. In order to improve these 
qualities and to make the fibres more generally valuable, 
attempts have been made to modify the fibre structure 
by physical methods, but these proved unsatisfactory 
because they resulted in loss of pnper strength. A tt'!ntion 
has therefore been directed towards fibre modification by 
chemical means. The treatment found most promising 
in the case of the thick-walled late wood tracheids of 
Pinus taeda has been suspension of lightly beaten fibres 
in dilute (0.1 per cent.) sodium hydroxide. Considerable 
improvement in pu.Ip strength properties has been obtained. 
Application of this treatment to thick-walled fibres of 
hardwood origin is being investigated fully, although some 
preliminary results with a mangrove (Rhizophora 
apiculara) were not encouraging. 

4. TIMBER PHYSrcs. 

(Division of Forest Products.) 

(a) Sorprion Studies.-During the year further tests 
have been made on the sorptive and wetting charac
teristics of klinki pine. The effect of temperature on the 
sorption isotherm has been extended to two additional 
temperatures, J 0 and 55° C. These confirm the earlier 
indications of a decrease in the extent of hysteresis with 
increasing temperature. Differential heats of sorption 
calculated from the adsorption isosteres agreed reasonably 
well with those obtained earlier from calorimetric 
measurements. An investigation of the effect of particle 
size on the heat of wetting showed that the beat evolved 
on wetting dry klinki pine increased from 18.9 cal. / g. 
for unground wood to 20.6 cal.I g. for wood passing 
60 mesh size. 
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Measuremertls have been commenced on the sorption 
charnctcrislics of components isolated from Eucalyptus 
rt:gn(lllS. Preliminary work on unmatched material bad 
shown thnt the heat of wetting varied from 36 cal./ g. for 
the non-ccllulosic polysaccharide fraction to 8 cal./ g. for 
methanol Jignin. However, the beat of wetting of lignin 
varied markedly witb the method o[ preparation, the 
values for Klason and periodate ligoin being approximately 
twice that for metbanol lignin. ln addition, heat liberation 
from methanol lignin persisted for up to an hour, whereas, 
with all the other fractions tested, beat liberation was 
complete within a few minutes. The heats of wetting 
of all constituents were found to be approximately pro
portional to their equilibrium moisture content at 65 per 
cent. relative humidity. 

In the tests on fractions, welling from a number of 
initial moisture contents enabled the differential heat of 
sorption to be calculated. It appears that the differential 
heal of sorption of the Klason Jigoin is lower at low 
moisture contents than that of the cellulosic constituents, 
namely, holocellulose and the ceUulosic polysaccharides. 

Concurrently with the wetting studies, sorption 
isotherms of the same materials are being determined. 
On adsorption, the equilibrium moisture content of the 
Klason lignin was less than that of the wood, but on 
desorption the values were nearly the same over a con
sidcrnble portion of the isotherm, i.e., the moisture con
tent hysteresis of the lignin was greater than that of the 
entire wood. Isotherms for the remaining constituents 
have not yet been completed. 

(b) Slir/11kage and Density Measurements.-The study 
of the dimensional stability of insulating boards bas been 
completed. T he variation between the equilibrium 
moisture contents of the dilierent makes of boards was 
consider:ibly less than for the hardboards. The length 
swelJing of the insulating boards was of the same order 
of magnitude as that of the hardboards, but that in 
thickness was only a little over half as great. 

Shrinkage and density tests have been completed on 
material from 106 Australian species, for many of which 
no d:ita were previously available. 

(c) Creep and Related Phenomena. (i) Creep 
Mea.mreme111s.-Measurements on 27 beams of blackbutt, 
which have been under load for eighteen months in the 
open nir, have shown that creep in initially green material 
allowed to dry during tesl is considerably greater than 
creep in material kept green. This has been evident also 
in sixteen beams of mountain ash which has been under 
load indoors for a period of five months. 

An air-dry beam of moun1ain ash has been under load 
ror seven months at an extreme fibre stress of 5,000 
lb./ sq. in. in a room controlled to 35° C., and strain 
measurements have been made at various points across the 
depth of the cross section. The distribution of the strain 
lrns been found to remain linear during the .Period of test 
although the denection of tbe beam has increased 
appreciably. 

lncrenses in strain from 20 to 140 per cent. have 
occurred in specimens of green mountain ash loaded in 
compression for almost three years at stresses ranging 
from 10 to 35 per cent. of the short-time strength. No 
measurable creep has occurred in specimens loaded to 6 
per cent. of the short-time strength. 

(ii) Factors Affecting Crecp.- Furlhcr tests on the 
influence of stress on creep in tension indicated no signi
ficant departure from proportionality nt temperatures up 
to 50° C. and stresses up to 10,000 lb./ sq. in. in tension. 

(iii) Failure 1111der Co11ti11uo11s Loadi11g.-Specin1eos 
of green blackbutt have been loaded in compression and 
shear, at stresses ranging from 60 to 100 per cent. of the 
short-time strengths, to study the relnlionshlp between 
stress and time to failure under continuous loading. All 
specimens failed in less th.Ill 2.9 days, but n considerable 
scatter of results occurred at each stress. The mean time 

to failure at the lowest stress was nine days fclr com
pression specimens and fourteen days for shear specimens. 
These times decreased markedly with increasing stress. 

(d) Vibrational Properties.-An apparatus has been 
designed and buiJt for the mcasu1•ement of the elastic 
properties of wood at very low (subaudio) frequencies. 
Theoreticnl relations have been deri vcd for the arrange
ment and have been verified by experiment. Measure
ments taken on the apparatus are designed to provide 
information linking the results of dynamic tests at audio 
frequencies with those of static tests. Sensitivity and re
producibility have been found to be satisfactory. 

(e) Electrical Resistance Moisture Meters.-Species 
correction figures for electrical resistance moisture meters 
are now being measured up to 40 per cent. moisture con
tent instead of 24 per cent. because of tbe increasing use 
of higher-range meters. So far the extended range o f 
corrections bas been established for nine species. 

5. TlMBER MECHANICS. 

(Division of Forest Products. ) 
(a) Studies of Properties and Testing Methods.-The 

investigation of variation of modulus of rupture in moun
tain ash specimens cut at various angles to the grain was 
continued. Similar tests were made on 3/16- and t-in. 
plywood of hoop pine, mountain ash, and rose gum. 

Tests continued on yellow box, red stringybark, and 
messmate stringybark specimens loaded to produce com
pression failures in bending, then loaded on the opposite 
face to failure. No significant rcduclion in ultimate 
strength caused by the first loading was apparent. The 
effect on toughness of preloading in bending was investi
gated on samples of Sitka spruce and messmate stringy
bark. 

(b) Species Testing.-Standard mechanical tests on 
Australian timbers were continued. Thirty-eight species 
were sampled, including two from Queensland, five from 
New South Wales, 28 from Victoria, one each from 
South Australia and Western Australia, and one from 
New Britain. Timber from 47 trees was tested green and 
from 41 trees air-dry. A bulletin on the mechanical pro
perties of 100 Australian and New Guinea species has 
been completed for publication. 

(c) Silvic11/tural Tests.-Compression and bending 
tests were made on P. radima representative of various age 
classes and growth conditions. The strength/age relation
ship for two-year-old trees contrasted with the 10, 30, and 
40 year old material from South Australia. Ten trees of 
P. pi11aster and twenty trees of P. radiata from Western 
Australia, including some treated with zinc sulphate and 
showing a subsequent marked increase in growth rate, 
were studied. Microtension specimens cut from trees 
which exhibited both normal aod abnormal rates of 
growth were taken from early wood and late wood. These 
showed that the strength of early wood, and also that of 
late wood, considered separately, were independent of the 
rate of growth and silvicultural factors. The strength of 
timber in specimens including a number of growth rings 
apparently is related to the percentage of late wood rather 
than to variations in strength of early wood or of late 
wood respectively. 

(d) Timber Construction.-(i) Srructural Design.
Various structural designs have been developed. Novel 
structures have been tested, including light-framed tied
arch trusses, light-trussed purlins, box-section roof girders 
with hardboard glued to timber frames, and various com
posite concrete timber beams using P. radiata thinnings. 
Interim working stresses for P. ,.adiata were issued. A 
new edition of the Handbook of Structural Timber Design 
is being prepared. 

(ii) Con11ec1ors.-After nine years, long-duration 
tension tests on split-ring and shear plate connector speci
mens of three species are being discontinued. Inter
mittent loading tests extending over three months were 



made on a repi·csentative group <>f these, and provided a 
valuable check on experimental etrors of the full-scale 
investigation. All specimens, except a few consolidated 
into a continuing test group, are being loaded to 
immediate failure. In every case, the maximum short
duration load was several times the long-duration load. 

Testing of nailed pressed steel connectors for use with 
building seantling Is complete. Connectors of several 
types were attached to tltnber nailed green and tested 
green, and others to limbct nailed green and tested after 
drying to 12 per cent. moisture content. 

(iii) Nails.- Static and impact withdrawal tests, both 
at the moisture content as drlveb and when dried to 12 
per cent. over a period of three months, were made using 
case nails in knrri and mou1itain ash. Similar tests were 
made using building nails driven into green messmate 
stringybark and withdrawn at 1 Z per cent. moisture con
tent after drying for twelve months. Jn green messmate 
stringybark, tests were made on joints with various 
numbers of nails, and comparisons made between joints 
loaded perpendicular and parallel to the grain, and allowed 
to dry after nailing. 

(iv) Glued Joints.-Glued joints were studied in 
double-lap tension splices, and the magnitude and distri
bution of lateral stresses with varying joint geometry 
measured. 'rests were made also on box-beams with 
hardboard webs to obtain estimates of maximum shear 
stress developed in webs, l:tnd between glued areas of 
Oangcs and WebS. 

(v) Columns.-During the year 47 columns of moun
tain ash, yellow stringybark, and Douglas fir, at various 
moisture conditions and having various slenderness ratios 
and loading eccentticilies, were set up under long-duration 
loading. To date, 337 have been etected and 253 have 
failed in periods ranging from a few hours to several 
years. The more slender columns continue to survive for 
longer periods than the shorter columns. Eucalypt 
columns, more than Douglas fir, are liable to failure in the 
green condition and during their drying-out period. For 
the three species in the green condition, 91 per cent. of 
the mountain ash columns have failed, 78 per cent. of 
yellow stritlgybark, and 67 per cent. of Douglas fir. Of 
those erected green and drying under load, the failures 
totalled 84 per cent. caoli for mountain ash and yellow 
stringybark and 56 per cent. for Douglas fir. Columns 
erected dry are too few for analyses. 

(vi) Scantling Oradi11g.-Studies of reduction in 
strength due to various grading defects in jarrah scaotling 
were continued on the 4 x 2 inch size. 

(vii) Plywood.-Strehgth tests ate being made on 
karri plywood for use in engiheering structures. 

(viii) Poles.- Bccause of Jack of information on the 
strength properties of poles of species currently being used 
in Australia, an investigation bas been undertaken on a 
nuh1ber of species and pole size classes tested over a span 
of 30 feet and loaded in bending. Other tests are being 
made on clear material from various positions in the poles 
to establish correlations between full pole tests, clear 
matched m!\terial, and s)?ccies standnrd test values other
wise determined. Tests have been completed on 89 green 
messmate stringybnrk poles nnd on matched small clear 
specimens. Preliminary analyses of half this sample 
indicate that the main strength properties of the pole 
sections do not vary with size classes. However, the 
strength of clear specimens taken from the top section 
of the pole appear to be significantly different from those 
samples nea r the bottom. No correlations between the 
groups of clear specimens taken separately or together 
and the full pole strength values have yet been established. 

(e) Growlh Slresses in Trees.- Measurements of longi
tudinal growth stress were made on three logs of mess
mate stringybark and two of silvertop ash, representative 
of several age classes. Growth strain r ecovery after 
rcle::\se of growth stresses as a resti1t of cross-cutting was 
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studied oti one log of each species. I n one tree ef v:ry 
eccentric growth and containing macroscopic compt:ssion 
failures, extreme patterns of sttess recovery were evident. 

6. TIMBER PRESERVATION. 

(D ivision of Forest Products.) 
(<1) General.- ln addition to a large volume of 

advisory work, much lime has been spent in inspection 
and demonstration of field tests, treatment of timber for 
test purposes and demonstration of treatment methods, 
assistance !o industry in design of treatment plants, 
lectures, and training of students from abroad. 

(b) Fie/cl Tests a11d S11r\leys.-lnspections of field and 
service tests of preservative treated sleepers, poles, and 
fence posts were made in Western Australia, Victoria, and 
New South Wales. These tests involved inspection of 
more than 3,000 specimens in fifteen difforcot localities. 
In particular, the pole tests attracted considerable atten
tion and more than 100 visitors, mainly pole engineers, 
were present at the inspections. 

New tests installed during the year include a service 
test of treated crossarms in Victoria and of pine sleepers 
in South Australia and two field tests of treated speci
mens for the Swedish and Finnish Forest Products 
Laboratories. Also, a large-scale test of new preserva
tives is now being prepared in which several thousand 
small treated specimens will be installed in various sites 
in Australia and New Guinea. 

D uring the year, two surveys were conducted to gain 
information on aspects of termite and decay damage in 
buildings. 

(c) Preservative Treatment of Fence Posts:--A 
bulletin describing and illustrating simple methods for 
treatment of round fence posts, suitable for use by the 
farmer, was issued during the year and more than 20,000 
copies distributed. In addition to radio and press pub
licity, demonstrations were given at about sixteen country 
centres and involved the treatment of several thousand 
posts provided by farmers for this purpose. 

The low-pressure treatment method developed by the 
Division and the portable plant for its application have 
attracted considernble interest abroad. Plans and 
specifications for this unit have been supplied to 
numerous inquirers. 

(d) Crossarms.-The considerably increased life to be 
expected from application of modern preservative treat
:nents to eucalypt poles has focused attention on the 
corresponding need to increase the life of the crossarms. 
Because of the importance of mechanical failure of arms 
owing to weathering, preservative oils are considered most 
suitable. T his, however, has raised the problem of 
cle.'\n]iness, and current research has aimed at develop
ing a high-pressure oil treatment which will give maxi
mum cleanliness in subsequent handling of the treated 
arm. 

(e) Diffusion Treatme111s of Green Timber.-Methods 
for lhc diffusion trerttmeat of green timher have been 
further investigated, with particular reference to the 
problem of utilizing non-durable timbers for building 
purposes in tropical areas. As many of these timbers 
arc difficult to penetrate in the heartwood by conven
tional pressure methods, diffusion treatments offer an 
attractive alternative provided treated timber is reason
ably protected from leaching in service. A successful 
process has been developed, and is now in commercial 
use in New Gtlinea, for treatment of kl inki pine building 
timber. It involves momentary dip treatment of green 
timber in a highly concentrated preservative solution 
followed by block stacking to permit diffusion ot 
chemicals into the wood. 

Treatment of refractory building timbers is also being 
studied to determine whethct satisfactory penetration can 
be obtait1ed with n cbmbirled j1tessute-diITusion treatment. 
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Diffusion treatments of plywood, by clipping green 
veneer in preservative salts followed by block stacking, 
have been further investigated. Treatments previously 
tested for resistance to termites have now been tested 
against decay fungi. Sodium pentaborate, which gave 
good results in termite tests, proved very satisfactory in 
decay tests when compared with a number of recognized 
preservatives. 

(/) Mycological Work.-Suitable techniques have 
been developed and work is now in progress to examine 
toxic extractives which are responsible for the durability 
of Australian timbers. Work is at present limited to a 
study of extractives responsible for decay resistance in 
eucalypts. The method adopted is to extract the durable 
timber successively with various solvents and after each 
extraction to determine loss in durability. Simultaneous 
tests are made to determine the toxicity of the extract 
when incorporated into a non-durable timber. 

An important aspect of mycological work has been 
the laboratory testing of decay resistance of treated and 
untreated timber by the soil -jar technique. This work 
has included systematic testing of the natural decay 
resistance of Australian timbers and its variation within 
the species. It has also included tests on the toxicity of 
various preservatives before and after prolonged leaching 
in water of varying pH. 

Collection of Australian and New Guinea wood
destroying fungi has continued, and five new species have 
been discovered. 

(g) Timber Borers.-Io addition to work on the toxicity 
and permanence of preservatives to Lycws brunneus, tests 
are continuing to determine the susceptibility to this 
borer of 90 Australian timbers which are not yet com
mercially used. 

(h) Miscel/a11eo11s.-Other work has included studies 
on deterioration of timber in cooling towers, prevention 
of decay in external window joinery by dip treatment in 
water-repellent preservatives, pressure treatment tests on 
various New Guinea timbers, and an investigation of the 
effect of treatment with water-borne preservatives on the 
drying rate of timber. 

7. TIMDER SEASONING. 

(Division of Forest Products.) 

(a) Grmeral.- Because of the growing importance of 
plantation softwoods in Australia, emphasis was given to 
the design of drying equipment and plant for this material. 
Request for advice increased to a level even higher than 
that of last year. 

(b) Collapse.-Studies on the mechanics of collapse 
and recovery were continued. The influence of surface 
tension, dissolved materials, nuclei, temperature, and tim<! 
on the magnitude of collapse-inducing forces was examined. 
The effects of drying stresses and set are to reduce 
collapse in width but to increase it in thickness, both 
effects being intensified by steep moisture gradients. 
Absorbed inorganic salts were shown to affect coUapse 
behaviour only if the treatment involved a chemical 
change. It was shown that irrecoverable collapse is 
increased by reconditioning at moisture contents greater 
than fibre saturation point. 

( c) Drying Studies.-Studies of economic treatments 
to reduce log and pole degrade during storage, and to 
protect air drying stacks of sawn timber, were commenceu. 
Progr~ss was 1~ade with w~rk to relate optimum spacing 
for air seasomng stacks wllh yard turnover and drying 
cost. 

Studie~ on combined vapour ?rying and high-pressure 
~reservation treatment for five difficult Australian sleeper 
timbers were completed, and sections placed for exposure 
tests. T be effect of treatment with several water-born"' 
preservatives on the drying rate of radiata pine wa~ 

examined; for mo~t of the Australian material drying time 
for the salt-treated timber approximated 20 per cent. more 
than for controls either untreated or pressure treated with 
water only. 

Exploratory studies aiming at relating the drying 
behaviour of yard-built seasoning stacks to small labora
tory plaster models were commenced as a first step in 
using the models to simulate field conditions on a labora
tory scale. Work was commenced to determine cri tical 
healing conditions for peeler blocks of alpine ash and 
messmate stringybark in relation to dried veneer quality; 
for veneer peeled at 140° F. gross shrinkage on drying 
ranged from 10 to 30 per cent. more than for cold peeled 
material. Studies on veneer drying schedules were con
tinued. Further kiln schedule work for sawn timbers was 
completed on Tasmanian alpine ash, radiata pine, yellow 
stringybark, keruing, and coigue. 

(d) Equilibrium Moisture Content.-A study to 
measure equilibrium moisture content (e.m.c.) conditions 
for the limber work of houses, bridges, harbour installa
tions, ships' parts, and poles was commenced. An e.m.c. 
survey in Antarctica was initiated through the co-operation 
of the Antarctic Division of the Department of External 
Affairs. Work on the moisture content of railway sleepers 
in the track was continued. Studies to relate e.m.c. to 
meteorological data were resumed. 

( e) Ki/11 Design a11{1 Equipment.-Roller and mesh 
belt veneer driers of American and European manufacture 
were tested. Kiln heating with flue gases was examin·!d. 
Design data were prepared to enable the several batteries 
of obsolete kilns to be reconstructed. New kiln handJinn . .. 
equipment was designed, and kiln control panels were 
redesigned to permit rapid interchangeability of manual 
and automatic systems. Charts were prepared to enable 
the rapid selection of optimum kiln fan size to be made 
in terms of capacity per unit of power demand. 

Kiln designs for sawn timber, veneer, plywood, case
and core-stock were prepared for 52 firms and research 
organizations in Australia, the United Kingdom, South 
Africa, the United States of America, France, Holland, 
and Austria; approximately 430 drawings were issued. 
One hundred and six visits were made to seasoning plants 
in aU Australian States, New Guinea, and New Zealand 
to ?dvise on kiln installation, veneer drying, handling 
equipment, flush door manufacture, prevention of warp, 
plant efficiency, kiln control, reconditioning, kiln mainten
ance. predrier operation, steam generating equipment, and 
stacking. 

Plant layouts were prepared for eight firms. The com
bustion characteristics of McCashney burners were further 
analysed and a new design prepared to give approximatelv 
dot~ble the ~isposal capacity of the previous Jargest; 
designs were issued to 39 firms in Australia New Guinea 
the United Kingdom, New Zealand South Africa: 
Singapore, and Sarawak. ' 

(/) 1:" eneer an~ f!lu~ng Stu~ies.-!--'>gs of alpine ash, 
rnountatn :ish, khnk1 pme, radiata pme, hoop pine, and 
coa~hwood were peeled and studies made on lathe control 
settmgs. 

P~ogress was made with tannin formaldehyde glue 
studies. Tbe effects of urea formaldehyde, phenol 
form~ldehyde, and polyvinyl acetate additives were 
exam1~ed. and_ .techniques for controlling viscosity and 
spreading. ~ualtties were studied. Work to improve wet 
ond dry JOmt strength was commenced 

. Studies to improve the bonding of b;ron-treated veneer 
with pheno~ formaldehyde resins were resumed, and work 
on the glumg of tempered and standard hardboard was 
completed. The influence of veneer thickness · t co t t d 1 . , m01s ure 

u en · a~ g ue vanables on rate of temperature rise at 
the glue It_nes of klinki pine plywood was investigated. 
The. behaviour of doors manufactured with face veneers 
at n ght :ingles to door length was studied. Work on 



techniques for end-grain gluing was commenced. An 
experiment to determine the application of resoaanl 
frequency techniques for testing plywood bond strength 
was contfoued. 

8. TIMBER UTILIZATION. 

(Division of Forest Products.) 

(11) Timber Uses.-lnformation was supplied on the 
suitability of limbers for 105 uses, and advice given on 
the properties and uses of 112 species. Severn! inquiries 
were dealt with concerning timber production and 
consumption generally in AustraJia. 
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(b) Ma11ufact11ring Processes.-The Division's influence 
on saw-milling continued to expand as indicated by the 
requests for information on plant, and for assistance with 
practices. Designs were prepared for seven new saw
mills, two resaw plants, a planing mill, lwo distributing 
yards, a door manufacturing plant, a joinery works, and a 
furniture factory. ProbJems related lo breaking-down. 
production sawing, resawing, and quartersawing were 
discussed. Information was made available on Jog 
loaders, Joatling tongs, logging arches, cable riggings for 
log sorting, log cranes, barkers, breaking-down saws, Jo~ 

edgers, frnme saws, boilers, bandmills, breast benches. 
hydraulic drives for Jog carriages and breast bench rolls. 
automatic docking saws, sorting tables, planers. waste 
conveyors, pneumatic sawdust ex.tractors, hogs, chippers. 
bark disintegrators, and several woodworking machine>. 
Advice was given on the manufacture of cases, flush 
tloors, hardboartls, laminated artificial limbs, lattice laths. 
laminated skis, parquetry, shoe heels, wood flour, wood
wool. and wood-wool building boards; on the finishing of 
flooring, weatherboards, cabinet woods, boat decks. and 
bench tops; on bleaching and removal of stains; and the 
curing of squeaks in floors. 

(c) Waste Uti/ization.-The effect on soil-water 
relationships of incorporating fresh :ind partially 
hydrolysed sawdust in field plots was investig:ited, a 
tension table being used. After twelve months there was 
evidence of an increase in water holding c:ipacity due to 
added sawdust, but no significant improvement in struc
ture. At eighteen months, growth of grasses on plots 
trented with sawdust und nitrogen had overtaken the 
corresponding controls. This accompanied improved 
nitrogen avaiJability as shown by measurement of nitrate. 

Laboratory incubation studies were commenced to 
investigate some of the major factors affecting rate of 
decomposition of sawdust mixed with soil and were fol
lowed over a period of six months. A complete nutrient 
solution was applied, but despite generally favorable 
conditions, decomposition was not as rapid as expected. 
Decomposition proceeded faster in the lighter soil. There 
was evidence of interactions between the effects of wood 
species and limestone. and of wood species and extrac
tives. Tbe effecrs of these factors on species composition 
and activity of tbe soil flora are al~o being investigated. 

The decomposition of wood waste by fungi was 
examined, part icular attention being given to methods of 
increasing susceptibiliry to attack by microfungi. The 
water and alcohol extrnctives of Eucalyptus reg11a11s were 
found to largely inhibit growth of Chaeto111i11m globosum 
and a number of other species. The addition of nutrient 
salts in moderately high concentration and several 
chemical treatments increased rate of decomposition 
appreciably. Partial delignification and treatment with 
dilute alkali were most effective. At the concentrations 
used, alkali removed very l ittle lignin and the treatment 
was as effective at 25° C. as at 100° C. The extent to 
which the accelerate<.! decomposition is uue lo breaking 
of lignin-carbohydrate bonds or to extraction of toxic 
substances is being inves tigated. 

Information was made available on the general uses 
of sawdust and shavings, sawdust burning for steam pro
duction. briquetting of sawdust. sawdust-resin boards. 

sawdust for bowling greens and coursing tracks, and 
manufacture of small wooden arlicles from wood 
residues. 

(d) Smvi11g.- The studies to determine the power 
consumption on typical breast benches in Victorian hard
wood sawmills \\ere continued, and il has been demon
strated 1hat more efficient sawing on No. 1 breast benches 
is obtained when feed speeds are varied with depth of 
cul. lnvestigations with sawing chains were continued, 
together with slow-speed measurements of cutting forces 
on s ingle teeth. The construction of a penduJurn 
dynamometer to be used to study the cutting action of 
single teeth was completed. 

( e) Swndards.-Collaboration with the Standards 
Association of Australia was continued in the preparation 
and promulgation of timber standards. Chairman's 
duties were continued for Sectional Committees on Wood 
Technology, Timber Utilization, and Portable Ladders 
fun ctioning under the Timber Industry Committee, and 
technical services rendered in drafting and reviewing 
standards. During the year grading ruJes for wood blocks 
for parquetry flooring, a code for laying parquetry floor
ing. and grading rules for engineering structural limbers 
were drafted; grades for sawn hardwoods and south
eastern Australia and milled flooring were revised; a 
draft standard for portable timber ladders was reviewed; 
and precoromittee discussions were held regarding 
specifications for house stumps, sole plates, fence posts, 
siJJs. wooden shingles, softwood scantling. door stock, 
and waterproof plywood. 

XV. BUILDING. 

I. GENERAL. 

The building research work of the Organization is 
undertaken mainly by the Division of Building Research, 
H ighett, Victoria, which collaborates closely with the 
Commonwealth Experimental Building Station of the 
Commonwealth Department of Works in New South 
Wales. Research is directed towards the study of the 
more effective use of available materials, the adaptation 
of traditional materials to new constructional methods, and 
the development of new materials and building techniques 
for the improvement of both the functional aspects of 
buildings and the efficiency of methods of construction. 
·me work of the D ivision is reported in this chapter. 

Work on timber for constructional purposes is con
centrnted in the Division of Forest Products (.l'ee Chapter 
X IV.). Wqrk on building foundations is undertaken by 
the Division of SoiJs (see Chapter If.. Section 7), and 
work on cemenl and ceramics by the Division of Indus
trial Chemistry (see Chapter XVITT.. Section 3). 

Division of Bllilding Retearch.- As in the previous year, 
the work of tl:ic Division was severely hampered by the 
great difficnJty in recruiting staff to fill vacancies at all 
levels. However. research on bituminous materials, par
ticularly their application to fiat roof construction, has 
been intensified with the return of an officer, who had 
spent two years in England, Europe, and the United States 
of America. where he obtained training and experience 
in the chemistry and technology of bitumen. An appoint
ment has recently been made for investigat ions of the 
problems of the fibrous plaster industry. 

There is an increasing awareness by the building indus
try of the value of research, and the paint industry has 
agreed to contribute £2,500 per year for a minimum of 
three years towards the cost of an investigation into the 
problems associated with tbe painting of plaster surfaces. 
Negotiations are in progress with the Australian Clay 
Products Association for nn extension of the Division's 
work on clays and clay products. The Master Builders· 
Association of New South Wales is co-operating with thl.! 



Division and the Building Research Liaison Service of the 
Department of Works ls conducting full-scale field trials 
of lightweight plaster. 

An informal meeting of the Directors of the building 
research organizations of the British Commonwealth and 
the United States of America was held in Australia in 
April. This meeting, the second of its kind (the first 
being held in London in 1951), served a very valuable 
purpose in enabling the Directors to interchange ideas 
and to co-ordinate their activities, so ensuring the most 
effective use of the limited staff and facilities available 
in the various countries represented. 

2 . LIGllTWUIOliT AOOREGATES. 

(Division of Building .l:tesearcll.) 
(11) Expanded or Bloated Clays and Shales.- Bloated 

clay and shale aggregate nre not yet being manufactured 
in Allstr•alln, out the Division is firmly convinced that they 
can and will play an important part in the Australian 
building industry. Consequently, research on their pro
duction and properties is being continued. Tests on raw 
materials from several areas have been made, and arrange
ments are in hand for au extended investigation of South 
Australian clays and shales in co-operation with the South 
Australian Department of Mines. Shale from the 
Adelaide area has been processed into " Haydite " 
(crushed) type and coated type aggregate, the latter giving 
the better results in concrete. 

(b) Per/ite.-Expcrimental work has been concentrated 
on the chemical and physical properties of perlite ores 
and their expa nded products and on the relationship of 
these properties to the behaviour of pcrlite as an aggregate. 

Investigations in the pilot plant have shown that 
excellent aggregate can be made from many of the ores 
examined to date, but manufacturing techniques must be 
adjusted to suit the characteristics of the different ores. 
So far, examinations have been confined to samples ot 
ore provided by manufacturers or potential manufacturers. 

Considerable attention has been directed to the studies 
of the secondary expansion of plasters containing perlite. 
The likely effect of such behaviour on structures is being 
observed by examination of two ceilings, one full scale 
and the other a n experimental laboratory panel, of perlite 
plaster on gypsum board attached to steel battens. No 
deformation or bending between battens has been 
observed with the full-scale ceiling, and only very slight 
deflections of the order of l / l OOth inch between the 
battens at 4-ft. centres in the laboratory panel have 
occurred. 

3. CoNCRETE J NVESTIGATIONS. 

(Division of Building Research.) 
(a) Theory of Rupture of Concrete.-Microcracks 

have been observed to form in concrete in tension at 
stresses well below the ultimate, and the object of experi
ments at present in progress is to assess their influence on 
the behaviour of the concrete. The first series of tests 
on concrete beams held at loads of 90, 50, and 20 per 
cent. of the predicted ultimate load for 400 days indicated 
that the formation of pre-failure microcracks is unlikely 
to lead to failure under sustained high loading. 

( b) Shrinkage and Cracking Studies.-The preliminary 
tests of the e!Tecl of carbon dioxide on mortars have been 
completed, nnd an examination of the interaction between 
moisture in the concrete and carbon dioxide was begun. 
For the second phase of this work concrete specimens 
were cured for one week in wntet and then for three 
weeks in air or cnrboJJ dioxide at some specific humidity. 

ihe results for strength and shrinkage are not in com
plete agreement with the results of earlier tests, and 
although it has been found that the carbon dioxide treat
mertt reduces the shrinkage and increases the strength, 
lhe effect is not tis great as in earlier work. The problem 
is therefore being investigated further and sotne of the 
eatlier work repeated. 
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The crackJog susceptibilities of cement mortar mixes 
with various water/cement ratios, curing conditions, 
degrees of restraint, and gauge length have been studied. 
The specimens in the form of bars were restrained with 
steel rods on the longitudinal axis. From the contraction 
of the steel rods the tensiJe stress developed in the mortar 
by shrinkage was calculated. From this work it wa'i 
found that the lower the water/ cement ratio, the earlier 
the cracking occurred. 

(c) Cellular Co11crdtt'.- The work on the lightweight 
cclJular concrete, foamed calcium silicate, has been con
cerned largely with tbc examination of the strength 
characteristics of this material, particularly with regard to 
the effect of curing in saturated steam. Maximum values 
of the strength/weight ratio were reached after curing at 
about 180° C. Calcium silicate concrete made with silica 
flour having a very high specific surface area was found 
to have a strength/weight ratio considerably lower than 
that made with sil ica o( srn~ller surface area. 

b~ 
4. GYPSUM PLASTER AND PLASTER P RODUCTS. 

(Division of Building Research.) 

(a) Fundamental Research-the Setting Process.
The study of the initial stages of the hydration of calcium 
sulphate has been continued by a combination of thermo
gravimetric analysis, differential thermal analysis, and 
X-ray diffraction. This bas shown that, when plaster 
(calcium sulphate bemi-hydrnte) is mixed with water, 
gypsum begins to form well before the time of the initial 
set; e.g .. for a plaster with an initial setting time of 33 
minutes, no gypsum could be detected after 13 minutes, 
but at 24 minutes, 3-4 per cent. was present, and at 33 
minutes. 7-8 per cent. Hence the gradual thickening o f 
the slurry which produces the initial set is accompanied 
by the formation of gypsum crystals. It seems probable 
therefore that the formation of these crystals at least con
tributes to the production of that thickening. 

Examination of the progress of the hydration of 
calcium sulphnte hos shown that although the bulk of the 
hydration takes p lace in about three hours the process 
may continue for several days before it is complete. 
This is important, because a plaster product if dried 
before it is completely hydrated may be damaged by 
uisruptivc expunsioo if hydration recommences on subse
quent wetting or exposure to moisture. 

The elTect of added inorganic salts in accelerating the 
setting process is now being examined. There is some 
evidence of the formntion of double salts with the caJcium 
sulphate. 

(b) Pilot Plant.- Tbe calciner for the pilot plant that 
is being constructed to facilitate investigations into the 
dehydration of gypsum is almost complete, and a patent 
application to cover the principles involved hes been filed. 
Experimental work on the removal of free water from 
the washed gypsum prior to its entering the dryer has 
shown that the usual drainitge bins and the gypsum 
handling associated with their use can be eliminated by 
blowing the wet gypsutu up a perfotaled duct into a 
cyclone which forms portion of the flue of the dryer. 

(c) Stmct11ral Gyps11111.-Work on gypsum plaster 
used as a structural m:iterlal has been associated cbiefty 
with its behnvlottr under lo11g-term loads and under 
cortditi~ns of ehangihg temperature and relative 11urnidity, 
and with the study of its compressive strength under 
different conditions of storage. 

Under long-tc1·m loads the phenomenofi of creep 
occurs, and the creep strains in reinforced plaster beams 
under constant loads, from the cracking lolid downwatd, 
have been measured by electrical resistance strain gauges. 
Results so far demonstr(1te that, in the early stages, the 
creep strain is a linear function of time and load. 

The Victorian Uniform Building Regulations specify, 
as a quality control, a minimum two-hour wet s1rength 
for structural !?laster, but, as there was some evidence 
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that the strength of plaster kept wet decreases with time, 
the variation of compressive strength according to the 
storage conditions was examined. After 50 days in fog 
conditions the wet strength was roughly 35 per cent. 
lower than the two-hour wet strength, and this behaviour 
which was shown to a lesser extent at the earlier stages 
indicated that structural gypsum should, from the point 
of view of strength, be dried out as quickly as possible 
n fter casting. 

5. LIMe Al"ID LIME PRODUCTS . 

(Division of Building Research.) 
(a) Correction of Unsoundness i11 Mag11esia11 Limes. 

- Much progress has been made i.n the study of the 
system MgO-MgSO,.-H 20, which parallels that of the 
system MgQ-MgCl ~-H20 previously studied in connexion 
with its importance in the correction of the unsoundness 
of magnesian limes. The efficacy of the chemical method 
in removing unsoundness from a commercial lime has 
been demonstrated in a series of plastered panels in the 
laboratory. Untreated panels showed, after three months, 
60 to 70 pits per square yard, whereas panels in which 
2-4 per cent. of calcium chloride was added arc still free 
from pits. 

( b) Sand-lime Bricks.-Advice and assistance has con
tinued to the two established sand-lime brickworks in 
Victoria, to two that have recently commenced pro
duction in Western Australia, and to one in South Aus
tralia still in the planning stage. Tests on the raw 
materials and products have been carried out for one of 
the Western Australian manufacturers. 

6. CLAYS AND CLAY PRODUCTS. 

( Division of Building Research.) 

(a) Clay Researc/1.-(i) Regional Studies of Aus
trali<m Heavy Clays.- An examination of the clays and 
shales used in brickmaking in the Perth area was started. 
No significant differences are apparent so far in the 
qualitative mineralogical examination of the Swan River 
nnd Canning River clays. 

( ii) E~pa11sio11 of Clay Prod11cts.-The study of the 
expansion of clay bricks on exposure to moisture h;:s 
continued. Measurements on kiln-fresh bricks from Mel
bourne yards continue to show expansions over several 
cycles for bricks soaked in water and dried, and for 
over 300 days for those standing in air in an air
conditioned l!lbOrqtory. Expnnsions of experimental 
brick walls erected from bricks respectively "kiln-fresh ", 
"as delivered", and "soaked " (for five weeks) are being 
measured also. For each type of brick the clfocts of 
three types of mortar- I :4 cement/sand; l :1 :6 cement/ 
lime/ sand; and 1 !3 lime/ sand-are being studied. 

Kiln-fresh pricks have expapded the most, soaked 
bricks the least; slight differences only are apparenL for 
the difforent mortars. 

(Iii) Deterioration of Clay Roofing Tiles.-The 
deterioration of -clay roofing tiles, particularly in sea-front 
areas, is a problem thaL is becoming more evident and 
is one that appears to be related to the expansion 
noticed with clay bricks. Deteriorated tiles have been 
cxnmined minoralogically and chemically, and so far 
there does not appear to be any significant difference in 
the soluble salts in the affected and unaffected parts. 
However. a study of tbe effects of alkalis on the 
rchydrution and thus on the expansion nod possibly on 
the deterioration of fired bodies showed thnt it is the 
alkali present thnt is mainly responsible for tbe rehydra
tion and expansion of knoli.ns fired to 1,100° C. 

Considerable effort has been given to devising 
accclernted laboratory tests to prodµce the long-term 
efl'ccts of natural exposure of tiles. 

(b) Clay Technology.-(i) Industrial Potentialities of 
Clay Materials.-Thirty-five clays and shales from 
various parts of Austr11lia have been examined in the pilot 
plant during the past year and recommendations made 
concerning their suitability for bricks, tiles, pipes, &c. 
Conjointly with these tests, studies are being made of the 
mineralogical constitution, particle size, and other pro
perties of the clays to find out if correlations are possible 
between their basic properties and practical behaviour. 

(ii) Plant Equipment.-Io view of the desire of the 
structural clay products industry to improve the efficiency 
of its kilns the Division has continued to give attention 
to improving existing kilns and to the use of oil for 
firing them. 

Co-operation with the New South Wales State Brick
works in the design of a more economical type of down
draught kilo, embracing automatic stoking and lightweight 
construction, has continued. Following the 50 per cent. 
saving in fuel consumption with the first trial kiln, further 
improvements, including a promising lightweight insulat
ing firebrick produced in the laboratory, are under 
consideration. 

Lubricants, especially oil and to a lesser extent water, 
used in extruding and moulding clay products, frequently 
cause serious difficulties in drying and sometimes in the 
burning of the ware. TriaJs with a resilient, water
repellcnt rubber lining of the extrusion die showed that 
the need for lubricants was eliminated. During tests under 
commercial conditions, 250,000 bricks were produced 
satisfactorily before relining of the die was needed. 

7. BITUMINOUS ROOFING. 

(Division of Building Rescflrch.) 
(a) Properties of Roofing Bitumens.-Further studies 

were made of the rheological properties of two bitumens 
widely used for roofing work. The results showed that 
at a shear stress of the same order as that in a natural 
exposure slump test, and at 65° C., the shear strain of 
the bitumen with the higher softening point is greater 
than that of the bitumen with the lower softening point. 
This explains why the natural exposure slump tests carried 
out at the Division have shown that, at surface tem_pera
tures of 65° C. or higher, the slump of a membrane made 
with bitumen having the higher softening point was 
unexpectedly greater than that made with the lower 
softening point bitumen. 

In earlier work on fluxing of bitumens with mineral 
oil it was found that bitumens of very low temperature 
susceptibility could be made by fluxing the hardest air
blown bitumen available in Australia with a oapbthenic
type mineral oil of high initial boiling point. This work 
has been extended with a view to the production of a roof, 
ing bitumen which is serviceable over a wider range of tem
peratures than those available commercially. An exami
nation of the properties of the fluxed bitumens produced 
in this way showed that the one most satisfactory for 
roofing bitumep work contained 70 per cent. of the 
original bitumen and had a softening point of 86° C. and 
a penetration of 75, compared with 141° C. and eight 
respectively for bitumen from which it was made. 

(b) Properties of Roofing Felts.-To provide data for 
an analysis of the stress-strain relationships existing in 
bit~1minous roof membrances under various conditions, a 
detailed study was made of the rheological properties of 
a saturated asbestos felt, a saturated pnpor felt, and a 
number of Australi11n-rnade raw paper felts. The results 
illustrated the higher stresses and elongations that can be 
withstood by p aper felts as compared with asbestos felts. 
The presence of a saturating bitumen adds considerably 
to both the breaking stress and elongation at failure of 
the two types of felt, and the stress-strain curve in these 
cases does not show a sudden break at maximum stress 
but rather a gradu~ I decrease in stress for considerabl~ 
increases in elongation. 
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The effect of wetting of the saturated paper and asbestos 
felts on the ir load-elong:it ion relationships was examined, 
and it w:is fou nd that although the breaking load of the 
wet paper felt was only one-third of that of the dry felt 
the elongation at failure was almost double. For the 
asbestos felt the breaking load was less than half of that 
of the dry felt, but the e longat ion at failure increased 
more than fourfold. 

(c) Alumi11i11111 Foil for Flot Roof Sw/aci11g.
Aluminium foil is becoming widely used as a heat-reflec
tive membrane for flat roofs, but several d ifficulties arc 
associated with its use, namely, creep, buckling, and 
corrosion. To examine the influence of various factors 
on the buckling, such as length and thickness of aluminium 
foil and spot versus solid sticking, an experimental mem
brane was la id a t the Division. 

Examination of several foil roofs for evidence of cor
rosion showed that where water was retained for pro
longed periods after rain, e.g .• in large depressions several 
feet in diame ter in the membrane, pitting corrosion some
times pierced 0.004 inch of foil. A large amount of 
dirt retention was associated with such corrosion, and this 
is believed to be due to di!Ierential aeration, the water 
films between the dust particles and the aluminium being 
less aerated than the bulk of the water. However, such 
failures have not been observed with correc1Jy designed 
roof decks having falls of at least 1 inch in 5 feet. 

(d) Asbestos-ce111e111 Tiles as Surface Finish.-A small 
promenade deck has been covered with asbestos-cement 
tiles of various makes, sizes, and thicknesses over a con
ventional bituminous-coateu felt membran e. This experi
mental roof is being used to determine whether asbestos
cement tiles wi ll give a satisfactory traffic-bearing reflec
tive finish for a built-up bituminous membrane roof, and 
if so, what size and thickness of tiles should be used. 

From the performance of this deck to dote it appears 
that a satisfactory surfacing treatment for a promenade 
deck is obtained by using 12 by I 2 by i- inch asbestos
cemcnt tiles. 

(e) Field Trials.-To fur ther the study of laying tech
niques and the behaviour of membranes, several experi
mental membranes have been applied to buildings in the 
grounds of the Division and to a small concrete roof 
deck on a residence in a Melbourne suburb. The oppor
tunity is being taken to investigate the permanent 
shrinkage observed in paper felt bi tuminous roofings. This 
shrinkage becomes very large, of the order of 5-10 per 
cent., once the coating bitumen has been denuded from 
the felt. Jt is believed that the phenomenon is due to 
restraint to swelling when the felt is wet and the bitumen 
adhesive cold, and freedom to shrink when the felt is 
dry and the bitumen adhesive warm and less viscous. 

8. CoNCRETE FLOORS. 

(D ivision of Building Research.) 

To compare the effects of concrete and timber floors on 
the thermal conditions in houses during the winter, tem
perature measurements were made in a pair of timber 
buildings erected in the grounds of the Division. These 
buildings were identical except that one had a conventioual 
timber floor whereas the other had a concrete floor laid 
on the ground. The conditions of heating, ventilation, 
and insulation were varied and the results recorded. From 
these it appears that the difference in thermal performance 
between the two is comparatively smaJJ, the building with 
the concrete floor having some thermal advantage in the 
morning and when the outside temperature fa lls. 

Another aspect of concrete floors which bas been 
receiving attention is that of finding suitable low-cost cov
erings for them . One material that showed considerable 
promise was gasket cork ..r~ inch thick. Pilot tests on this . 
material which is available fairly cheaply in Jong rolls 
3 feet wide proved so successful that experimental floor 

coverings have been laid in a variety of homes and offices 
to gain wider experience of this material. So far all 
installations arc behaving satisfactorily, except one for 
which the initial sealing and subsequent maintenance by 
waxing were inadequate. 

9. THERMAL I NVESTIGATIONS. 

(Division of Building Research.) 

(fl) Winter Heating.-Jn the preceding Annual 
Report reference was made to the calculation of the hours 
of heating likely to be needed in the various Australian 
capita l cities. The amount of heating was related to the 
external weather conditions and the heating to be 
expected in Australian capital cities calculated on the 
assumption that the pattern found in the survey was 
representative. However, as beating requirements may 
vary with climate it was considered desirable to check 
the acceptabil ity of the calculations for a more extreme 
case and so a survey over six weeks was made of the 
heating needs in Brisbane. Although there was some 
variation it appears tha t the results obtained in the Mel
bourne survey can be applied to the Brisbane area. 

(b) Foot Comfort.- A few years ago an investigation 
was made into the relation between the environmental 
temperature, the temperature of a person's feet while 
sitting, and subjective comfort. From this it was con
clut.lcd that the floor surface had little effect on the 
relation between the foot temperature and the environ
menta l temperature and that , in most cases, it bad no 
effect on the correlation of foot temperature and comfort. 

However, this study d id not differentiate between the 
temperatures a t various heights from the floor and, since 
a temperature gradient commonly exists in hea ted rooms, 
this aspect of the problem was examined experimentally. 
For the majority of subjects used in the test it was 
apparent that the air temperature near the floor had the 
most important effect on foot comfort 

(c) Refleclive lnsu/a1io11.-Aluminium foil is becom
ing more widely used for insulating purposes, but there 
is litt le information on the effect of dust on the efficiency 
of the foil in reducing transfer of heat. 

D espite stalements from overseas that dust layers 
visible to the naked eye do not seriously affect the 
emissivity, tests made at the Division showed that an 
upward-facing reflective surface in a roof space in Mel
bourne would probably collect sufficient dust in a year 
to render it ineffective. Rcl'lectivc insula tion should 
therefore be installed so that a reflecting side faces down
ward. 

I 0. ARCHITECTURAL A COUSTICS. 

(Division of Building Research.) 

The work on a rchitectura l acoustics h as continued with 
the investigat ion of the reverberation times of several 
concert halls in Victoria and with preliminary measure
ments of the acoustic conditions in a one-tenth scale 
model of the new Wilson Hall a t the University of 
Melbourne. 

The reverberation tin1es of concert baJJs have been 
measured from short bursts of noise with the hall empty 
and from recordings of symphony concerts with the ha ll 
full. T he response of the halls to very short pulses of 
pure tones has also been measured. This info rmation is 
being compared with subjective assessments by various 
officers who have attended concerts in the same halls and 
who have been seated in different parts of the halls for 
the two parts of a concert. An interesting effect noted 
already is that the change in reverberation time between 
empty and full hall corresponds to an absorption per 
person of audience of only about 1 square foot unit 
(Sabin), whereas it is generally assumed to be about four 
units. 



The Wilson Hall model has required the expenditure 
of considerable effort on the development of measuring 
equipment and techniques, because measurements in 
such models depend on facilities for determining acoustic 
parameters at frequencies higher than those for which 
standard equipment is designed. 

For acoustic filter and electrical transmission line 
design, charts and simple formalae can be found which 
connect the input and output signals for cases where the 
losses in the filter or the line are negligible. However, 
when there arc losses of energy in the system the 
difficulty of calculation is greatly increased. A phase 
theorem to permit the treatment of such cases bas been 
developed. 

Assistance was given to the Melbourne City Council 
in the design of acoustic treatment to reduce the noise 
level in the Degraves-street subway, and to a musical 
society for a sound shell on the stage of the Melbourne 
Town Hall to improve the presentation of chamber music 
recitals. 

XVI. WOOL TEXTILES. 

1. GENERAL. 

An extensive programme of research has been under
taken with the aim of improving the use of wool as a 
textile fibre. This work is complementary to research 
in sheep husbandry, described in Chapters V., VI., and 
VII., which is aimed at increasing the quality and pro
<.luction of wool. The major aims of 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 
knowledge to improve wool as a textile fibre, to improve 
technology in wool processing, and to utilize by-products 
more fully; (iii) to improve machinery used in wool 
textile manufacture. In these ways it is hoped to pre
serve wool's unique position amongst the world's textile 
fibres. 

The Organization's work in this field has been distri
buted among three Wool Textile Research Laboratories, 
as follows:-

(i) The Melbourne Laboratory at Parkville is 
responsible for research on the structure and 
chemical reactivity of wool, on carbonizing, 
and on certain aspects of felting. 

(ii) The Geelong Laboratory at Belmont is respon
sible for technological investigations. 

(iii) The Sydney Laboratory at Ryde carries out 
research on the physics of wool and the 
physical and engineering aspects of wool pro
cessing. 

The Division of Industrial Chemistry has continued a 
study of the constituents of wool wax and possible ways 
of utilizing them or their derivatives (see Section 4 of 
this Chapter). Jt 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 
digestive processes of wool-eating insects and larvae (see 
Chapter IX., Section 2). 

Wool Textile Research Lnboratories.-Tbe outstanding 
event of the year bas been the International Wool Textile 
Research Conference which was held in Sydney, Geelong, 
and Melbourne between 22nd August and 9th Septem
ber, 1955, under the auspices of the C.S.I.R.O., the Aus
tralian Wool Bureau, and the Commonwealth Wool 
Adviser. 

This Conference represents the first international meeting 
of scientists engaged in research on wool textiles and 
related fields of science, and it is fitting that Australia 
should have taken the initiative in organizing a confer
ence on a subject which bolds such vital importance for 
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her economy. Only by co-ordinating the efforts of thl 
various establishments throaghout the world can the wool 
interests hope to match the immense scieotillc effort being 
devoted to the improvement of some of the other textile 
fibres. 

The Officer-in-charge of the Geelong laboratory has 
visited wool textile mills in the United Kingdom, the 
United States of America, Italy, France, Belgium, and 
Germany to see the Australian clip being processed by 
the main purchasing countries and to ascertain which 
operations are most urgently in need of technical 
improvement. An officer who held a Fellowship, sup
ported by the Australian Associated Woollen and 
Worsted Manufacturers, has now returned to Australia 
to undertake a study of the mechanical properties of 
assemblies of fibres, par ticularly yams and cloths. 
Another senior officer, who specialized for many years 
in the physical properties of raw wool, went abroad to 
stuuy matters relating to the early stages of wool pro
cessing, particularly sorting and drying. Two officers 
have gone to United States universities following the 
award of research fellowships to work for twelve months 
on topics closely related to the research projects they 
were studying in Australia. One member of staff resigned 
in order to accept appointment to the Chair of the 
newly formed School of Textile Technology of the New 
South Wales University of Technology. 

" Wool Tex.tile News " has continued to be well 
received and in response to numerous requests it is now 
being forwarded to overseas centres. 

Co-operation in research has continued with the New 
South Wales University of Technology, officers being 
stationed in the Schools of Applied Chemistry and 
Applied Physics, and a joint project has been undertaken 
on the strain and configuration of fibres during woollen 
and worsted processing with the School of Textile Tech
nology. Close contact has also been maintained with the 
University of Melbourne Department of Biochemistry and 
with lhe Gordon Institute Textile College at Geelong. 
Instruction in peptide synthesis and accommodation were 
provided for one of the university research workers. 

The provision of textile machinery at the Geelong 
Laboratory has enabled large-scale experiments, particu
larly on worsted processing, to receive far more attention 
than has been possible in previous years. At the Mel
bourne Laboratory a systematic study bas been initiated 
of the chemistry of the side chains in wool, and where 
tests show that significant changes have been produced 
in the solubility properties and biological resistance, 
samples are subjected to more elaborate testing, for 
example, to determine moth resistance and shrinkage 
resistance. 

Accommodation and facilities were provided at the 
Sydney Laboratory late in 1955 for a three-day meeting 
arranged .by the Organization at the request of the Aus
lralian Woolgrowers' Council. The purpose of the meet
ing was to enable representatives of the pastoral industry 
to learn about the research being carried out in C.S.1.R.O. 
to improve the efficiency of wool production and utiliza
Lion. Summaries of wool textile research were prepared 
and presented at the meeting, and visits to each of the 
laboratories were made by graziers representing various 
State and Federal associations. 

2. RAW WOOL. 

(Wool Textile Research Laboratories.) 
(a) The Composition and Quality of Wool.- Tbrough 

co-operation with the Division of Animal Health wool 
samples have been obtained from different Merino sheep 
and from different areas of the same sheep for studies 
of variation in the amino acid composition. These have 
shown remarkable uniformity in the composition of wool 
from the same anima l but significant differences between 
different animals. 



In other co-operative studies using wool provi~ed_ from 
tbe C,S..J.R.O. strain trial experiments . the significant 
factors iu some aspects of wool valJ.ung have ~een 
examined. Mqre reliable iuformatiop has been obtamed 
than was previously available on how to allow for 
" handle " when jud~in~ fibre diame~er, how th~ crimp 
varies with diameter in stieep of different strams and 
environments, anp what types of errors in yield sampling 
might be made by wool buyers. 

(b) Branding Fluids.-" SI-RO-MARK" brandi.ng 
fluid wus extensively used in Australia during the year, 
over 130,000 gallons being produced by various manu
facturers. In general the field results with this fluid 
have been satisfactory and the few difficulties reported 
by graziers have been investigated. 

One outstanding feature of the "SI-RO-MARK " 
brand is its ease of removal in the normal soap-soda 
scouring process, and complaints by scourers about diffi
culties in removing brands have become rare as stocks 
of older branding fluids are progressively replaced with 
this new product. The importance to the Australian 
wool industry of the adoption of a brand for all sheep 
that can be completely scoured can scarcely be over
emphasized. 

(c) Fellmongering.-Further requests have been 
received for details of the method of recovering wool 
from sbeeps~in piece:; by beat shrinkage in water followed 
by vigorous aeration at 40° C. i11 the presence of calcium 
to digest the skin tissues. Heat shrinkage is now used in 
nearly all Australian fellmongeries and it is growing in 
popularity in the United Kingdom and in New Zealand, 
but in most fellmongeries there is room for an improve
ment in the efficiency of aeration. 

It is interesting to trace the main developments since 
the parent process involving heat shrinkage of sheepskin 
followed by papain or mould enzyme digestion was 
announced by C.S.I.R.O. in 1945. In 1951, an English 
firm developed a cheap bacterial protease for use i.n place 
of those originally recommended from these laboratories. 
In 1952, it was shown that vigorous aeration in the 
presence of calcium digested untreated or sweated sheep
skin pieces more rapidly than enzyme, but the latter was 
still recommended for painted pieces. Meanwhile a 
machine capable of pulling the wool out of shrunken 
skin pieces was developed in New Zealand, but since it 
leaves a high proportion of skin fragments in the wool its 
application is limited. The success of the aerated b<1c
terial digestion method has been so convincingly demon
strated in Australia that with inc!'easing labour costs it 
is now becoming widely adopted, pot only for treating 
skin pieces, but also for recovering wool from entire 
Merino skins. The ribby marks and thinness of most 
Merino pelts make them less satisfactory for leatfler 
manuf11cture than those from plainer-bodied sheep. 

(d) Solvent Degreasing.-The pilot plant for the jet 
solvent degreasing process has been run on a continuous 
basis for a period of three months in an attempt to detect 
any difficulties which may arise in its full-scale com
mercial operation. Approximately 80,000 lb. of grea.sy 
wool has been used, and the product has consistently 
shown improved yield and colour of top in comparison 
with the :ioap,soda scoured product. 

A full-scale commercial plant using this method will 
shortly come into operation in Australia, and arrange
ments are being made for the construction of another 
plant in Engl.am! for demonstration to the wool textile 
industry. particularly in the Bradford area. lt will be used 
for degre<1si.qg subQJitted samples of fleece which will then 
be returned to the mills for assessment of yield of top 
and noil, ·appea rance, and general behaviour in subsequent 
processing, 

(e) fJµrr in Wool.-A sw·vey is bein$ made of the 
el(tent to wpich vegetable rnatter bas increased in the 
Australian clip in recent years. An attempt is being 
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made to correlate the changes which have been noted 
in the burr content of wool from certain districts with 
such factors as pasture improvement and the spread of 
myxomatosis. Rugsina tri.als have also been co?'lmenced 
in some rustricts to ascertain whether the 1mproved 
quality of wool due to protection against burr contamina
tion and weathering is sufficient to offset the cost of the 
rugs. The rugs ar:e put on the &heep immediately after 
shearing. 

While protection 9f the fleece against burr contamina
tion must be regarded as an important goal in sheep 
husbandry, mucl\ of the wool grown in Austra,Jja at 
pre~ent contains vegetable matter, and th~ search for 
chemical agents which promote the action of sulplluric 
acid on burrs or protect the wool puring the carbonizing 
process is therefore being vigor9usly pursued. Already 
these studies have led to tl:)e observation that certain 
detergents protect wool against sulphw-ic acid damage. 
This protective effect is not apparent when wool is heated 
for Jong periods in dilute solutions of the acid, bµt it 
is readily observed if the acid is concentrated on the 
wool by evaporation as i11 the commercial carbonizing 
process. Under these conditions the loss in strength, 
which is easily detected by hand in wool carbonized with 
acid alone, is prevented by the addition of detergent to 
the acid. A non-ionic detergent is preferred for the 
purpose since Jess of this is removed from the acid bath 
with the wool than with anionic or cationic detergents. 
The improved process is now being tested on an industrial 
scale. 

It is significant that this method of protecting wool 
against sulphuric acid damage arose from an observation 
on the effect of certain detergents in preventing disorder
ing of the wool proteins by alkaline solutions, as measured 
by a change in their digestibility with trypsin. 

3. FLEECE BY- PRODUCTS. 

(Wooi Textile Research Labon1tories.) 

(a) Wool Wax.- Research on the flotation method of 
lanolin recovery from soap-soda ~cour liquors is being 
continued with the object of increasing the recovery under 
industrial conditions. 

(b) Pocash.-A survey of the amount of potash present 
in a wic:!e range of greasy wools bas now been completed. 
It has been found that the mean potassium content is 
1.5 per cent., representing approximately 8,000 tons 
annually in the Australian clip, So far no economical 
method of recovering this valuable constit!Jept from the 
greasy wool is in si!$ht. 

4. DERIVATIVES FROM WOOL WAX ANO SUINT. 

(Divlsion o{ Industrial Chemistry.) 

With the completion of work on the aliphatic alcohols 
of wool wax, attention has been turned to the constituent 
acids. These acids have generally been regarded as the 
least valuable of the components of the wax, but if it is 
to be fully utilized it is essential to look carefully into 
all possibilities of turning the acids into useful materials. 
Work has therefore been begun on the preparation of 
various esters from the wool-wax acids in order to see 
whether they can be used as plasticizers, large quantities 
of which are used in the plastics industry. Initially, ways 
of separating the hydroxy-acids from the other acids are 
being studied, since it is desirable to examine the 
behaviour of the individual types of esters, whether or not 
it may prove feasible or desirable to separate them for 
industrial use. 

The investigation of the acids present in suint bas been 
continued, particular attention being paid to the water
soluble acids. Separation on ion,exchange columns 
followed by paper c;hn;>mi)tography bas shown that the 
mixture is complex; tllree of the major constituents have 
been isolated and iclentined. Ga:; chromatography is beins 



mvesugatea to provide a more powerful tool for the com
plete resolution of the acids, both fatty and water-soluble. 
It is hoped that the speed of this method will make possible 
the investigation of samples from a wide range of wools. 

The search for active hormone analogues based on the 
lanosterol of wool wax. continues. A progesterone 
analogue has been prepared and shown to have proges
tational activity. Such activity is unique for a compound 
having a saturated ring system, and it may be that a 
new type of hormone structure has been found. To 
verify this a similar analogue of one of the adrenal 
cortical hormones is being prepared. 

Configurations have been assigned to the epimeric 
3-mctbylcholestan-3-ols derived from cholesterol, and 
structures allotted to 3-methylcbolestencs previously pre
pared by other workers. 

5. WooL T EXTILE PROCESSES. 

(Wool Tex.tile Research Laboratories.) 

(a) Yarn Mnn11fac111re.-Further application has been 
made of the rndio tracer technique in which individual 
fibres are removed from the wool at an early stage in 
worsted yarn manufacture, impregnated with a radio
active compound, and returned to the main bulk. By 
locating these radioactive fibres at later stages in pro
cessing with the Geiger counter, and determining their 
shape by pressing the mass of wool against a photo
graphic plate, the amount of residual crimp has been 
determined in two types of wool differing only in the 
number of crimps per inch. Attention is now being 
given to tl1e crimp changes and slrains in wool pro
cessed on modern machinery such as the " Raper Auto
leveller" and the "Ambler Superdraft ". 

Longitudinal and torsional stresses in worsted yarns 
at various times after spinning are being investigated in 
an attempt to relate the relaxation of these stresses to 
the relaxation of single fi bres and the way in which they 
are arranged in the yarn . The data may be of imme
diate technological value in such problems as the 
" aging" and "snarling" of yarns. 

As part of a study of the irregularities of woollen and 
worsted yarns a new type of yarn evenness tester is 
being developed which appears to be more accurate and 
cheaper than existing types. Jn an attempt to reduce 
the irrei;,'Ularity imposed in a drafting system, measure
ment of sliver thickness at the front roller nip is being 
used in a servo system to control the draft. 

With the development of the solvent degreasing of 
wool on a pilot-plant scale studies have been commenced 
of the processing properties of the product. Thls may 
lead to modification of the conventional treatment whlch 
was evolved for soap-soda scoured wool. 

In a programme of investigations on the role of lubri
cants in wool processing, a sliver draf ting apparatus has 
been constructed for use in assessing the properties of 
worsted lubricants, such as olive oil, modified mineral oil, 
and certain organic compounds. The results obtained 
will be compared with those from combing trials in whlch 
similar lubricants are used. Conventional lubricants such 
as olive oil do not appreciably affect the friction between 
yarns and met:ll , but p araffin wax at 0.1 per cent. concen
tration in the yarn is particularly effective, the reduction 
in friction depending on the melting range o f the wax 
and the prevailing temperature. Experiments have also 
been commenced to compare the various conventional 
lubricants used as batching oils in woollen carding and to 
devise improved and cheaper products. 

(b) Fel1i11g.-The shortage of rabbit fu r for felt J1at 
manufacture resulting from tbc successful spread of 
myxomatosis in Australia was responsible for an approach 
being made to C.S. I.R.0. for assistance in the use of 
alternative· fibres. The histological resemblance of fu r 
from certain Australian marsupials such as the kangaroo, 
wallaby, and opossum suggested that they would be 
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possible substitutes and this has been borne out by 
laboratory felting trials. The products, however, are 
slightly harsher than rabbit felt owing to the larger fibre 
diameter, and moreover the supply of these fibres may 
not be reliable. Modification of wool to improve its 
suitability for hat felts and the selection of appropriate 
types of wool arc also therefore receiving attention. 

(c) Dyeing.-In order to obtain a better insight into 
the nature of dye uptake by wool, a study is being made 
of the rate and extent of combination of typical anionic, 
cationic, and non-ionic detergents with the fibre. An 
automatic surface balance has also been set up to follow 
the combination of dyes and other compounds with films 
of various wool proteins spread at the air-water interface. 

In studies of the washing fastness of dyestuffs it has 
been shown that, when applied in the presence of suffi
cient acid to reduce the pH of the dye bath to 2, the 
dye is not as fast to washing as when applied from a 
bath at pH 4. Loss of dye affinity at the lower pH 
value is probably due to slight damage of the wool itself, 
causing it to become more acid and therefore less attrac
tive to the dye anions. 

With growing interest in the melange printing of wool 
tops, attempts are being made to reduce the time of 
s teaming for colour development and to minimize wool 
fibre damage. By adjusting the pH of the treated fibres 
to a value below 7 the damage during steaming has been 
reduced. 

6. MODIFICATION OF WOOL. 

(Wool Textile Research Laboratories.) 
( a) S/Jrinkproofi.ng.-A physical investigation of the 

way in which resins prevent felting shrinkage has shown 
that they may either stick wool fibres together, roughen 
the fibres considerably, or mask the scales. These 
observations should assist the further development of 
shrinkproofing processes. Proteins are being examined as 
a cheaper alternative to synthetic resins for shrinkproof
ing, and a continuous method of treating woven fabrics 
with casein has been evolved. This process has been 
simplified to reduce operational costs but it is likely to 
have only limited npplication. 

F urther investigations on the alcoholic alkali method 
of sbrinkproofing arc concerned with its application to 
tops in a continuous process. 

(b) Mo1hproofing.-Rcsearch on the use of dieldrin 
for mothproofing has shown that concentrations as low as 
0.0005 per cent. will protect against moth attack and 
0.005 per cent. against carpet beetles. Industrial trials 
have shown that 0.05 per cent. dieklrin can be readily 
applied to wool in the last wet process, for example, in 
the dyeing, bleaching, or milling operations. This par
ticular insecticide is recommended for t reating goods 
which \\'ill not be washed frequently. 1t is fast to dry
cleaning, and will withstand atmospheric exposure. It 
should not cost more than id. per lb. of wool treated. 

Io studies of the mechanism of digestion of wool 
fibres by clothes moth larvae it has been shown that the 
intestines of these larvae contain very few bacteria, and 
it is therefore extremely unlikely that bacteria play any 
pa rt in helping' the larvae to digest the wool. Thus 
compounds which merely kill bacteria would not be 
expected to protect wool ngainst moth attack. 

( c) Permanent Pleating.- A study is being made of 
the chemicnl mechanism of permanent set with a view 
to finding a satisfactory method of permanently pleating 
all-wool fabrics. 

(d) Assessment of Wool Dn111age.-ln studying exist
ing wool textile processes autl in developiug new pro
cesses. especially those involving wet treatments. it is 
desirable to be able to detect wool damage. Many 
methods have been developed for this purpose but they 
differ markedly in their assessments, and it is often 
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difficult to interpret the results obtained in terms of 
changes in fibre structure or impaired performance in 
subsequent processing or use. In order to gain a better 
understanding of the significance of some of the existing 
damage tests, and to compare these with some new tests 
based on precise methods of wool analysis developed 
in the laboratories, a new programme of investigations 
bas been commenced. In this programme several pro
cessing treatments are being applied to wool under normal 
and severe conditions, and the products will be subjected 
not only to the conventional damage tests including 
tensile strength, abrasion resistance, and alkali solubility, 
but also to others based on the estimation of cystine and 
cysteine content, amide nitrogen content, thioglycollate 
solubility, trypsin digestibility, and peptide bond 
hydrolysis. 

7. PHYSICS OF WOOL AND F H!H.E A SSEMBLlES. 

(Wool Textile Research Laboratories.) 
(a) Mechanical Properties of Single Wool Fibres.-An 

extensive programme has been undertaken on the 
mechanical properties of wool. The aims are to under
stand these properties in terms of the structure of wool 
and to obtain data of immediate technological value. The 
mechanical properties of fibres are of outstanding import
ance in determining their behaviour during processing and 
their subsequent performance in clothing. If these pro
perties can be properly explained possibilities will appear 
for modifying them in wnys which will improve the com
petitive position of wool. 

If a wet or partly wet wool fibre is extended at a steady 
rate, the tension in the fibre will increase rapidly until 
about 5 per cent. extension, then slowly until about 30 
per cent. extension, and then rapidly until the fibre finally 
breaks. If the extension does not exceed 30 per cent., 
the fibre, after a waiting time, can be made to repeat the 
process. The precise values for extension and tension 
depend in a complicated way on how fast the test is 
performed, how much water the fibre has absorbed, the 
temperature, and wbat tests have been made previously 
on it. The research consists in determining these rela
t ionships and building up theories to describe and explain 
them. 

There are other test conditions such as observing the 
extension of a fibre under constant tension, known as a 
creep test, or observing, the change in tension under con
stant fixed extension, known as a relaxation test. These 
have been used in the Sydney Laboratory to examine in 
detail the creep and relaxation of wool in the range of 
extensions 0-30 per cent., for dry and wet fibres, and for 
a range of temperatures. So far a theory has been 
worked onl which describes the behaviour adequately for 
wet fibres in the range 5-30 per cent., and it is being 
extended in an attempt to cover other cases. 

Changes in the X-ray diffraction pattern of wool occur 
during mechanical extension. Those are also being studied 
to throw light on the process. The dielectric properties are 
also being studied to provide some information on bow 
water is held by wool and why water changes the 
mechanical properties of wool. 

(b) Regain of Wool.-Research into the way wool and 
water combine has continued because of the commercial 
and scientific value of such information. 

The regain (amount of water divided by the dry weight) 
of several samples of wool has been measured accurately 
over a range of relative humidities, and particular atten
Lion has been given to the problem of determining "true 
dry weight". This latter measurement is of particular 
importance in the testing of wool samples for buying and 
selling. 

Another way in which water is absorbed or lost to the 
air by wool fibres is also being measured by means of 
a specially devefoped apparatus which follows weight 
changes in a single wool fibre. The fibre is kept in 
transverse vibration under constant tension, at its resonant 

frequency. This frequency provides a measure of the 
weight of the fibre. It changes with water content. The 
apparatus is extremely sensitive, and changes of one part 
in 1,000 in the weight of a single fibre can be readily 
seen. It bas m ade possible the discovery of new facts 
about water sorption. Two stages have been found in the 
process of absorption of water vapour. When a fibre, 
which has been allowed to come to equilibrium in an 
atmosphere at one particular relative bumjdity, is moved 
to an atmosphere at a higher relative humidity, it absorbs 
water vapour rapidly at first for times of the order of 
seconds to a few minutes. Then quite a large proportion 
of the total water is absorbed in a second stage which 
takes many hours. However, it has a lso been found that 
if the change in relative humidity is sufficiently large 
the second stage is eliminated. On the other band, when 
a fibre is losing water the two s imilar stages still exist, 
but the second stage cannot be eliminated by making a 
big change in the relative humidity of the atmosphere. 
These findings may in due course affect methods used in 
drying and wetting the wool in manufacture and t~sting. 

Another investigation concerns the rate of swellmg of 
wool fibres when liquid water is taken up under various 
conditions of temperature and effective relative humidity. 
This provides useful information on the physical structure 
of wool and is highly relevant to the dyeing process. 

( c) Frictiori.- A study is being made of the laws of 
friction for a fibre rubbing on a surface. An interfero
metric method has been developed for measu1fog the area 
of contact between a fibre and a glass plate. These areas 
are extremely small but are important in determining the 
forces required to move fibres past other sw-faces or fibres 
which they touch. 

8. H1STOLOGY OF WooL FIBRES. 

(Wool Textile Research Laboratories.) 

l'Vlethylene blue staining and examination under tbe 
microscope have shown that mohair and a sampl<i of 
crimpless Merino wool resemble Lincoln wool in that the 
more highly stained ortho (S) cells are located in the 
centre of these fibres leaving a ring of para (H) cells 
distributed around the periphery. This gives further ~up
port to the view that crimp in wool is associated with 
the bilateral structure, that is with the grouping of 1'he 
ortho and para cells on opposite sides of the fibre. Where 
tbis arrangement is absent the fibre lacks crimp. 

9. WOOL P ROTEIN CHEMJSTRY. 

(Wool Textile Research Laboratories.) 

(a) Preparation and Properties of Extractable Wool 
Proteins.-Many of the methods which have been evolved 
for studying the structure and chemistry of proteins are 
applicable only to proteins in solution. The thioglycollate 
fractional extraction method of preparing a soluble pro
tein fraction which moves as a single component on 
electrophoresis is therefore of considerable importance and 
is being widely used. Re-formation of the disulphide 
bonds which are split in the process of preparation was 
formerly prevented by blocking the sulpbydryl groups with 
iodoacetamide. A wide range of other compounds has 
now been shown to be equally effective, including various 
organic mercury derivatives. Iodoacetic acid has given 
the most soluble derivative and this product has been 
used in a wide range of physico-chemical studies. Its 
molecular weight has been determined by ultracentrifuga
tion in conjunction with viscosity and diffusion measure
ments, and shown to approximate 2,000,000 in aqueous 
solution. However, it dissocia tes into units of about 
50,000 molecular weight in the presence of urea or of 
the wetting agent sodium dodecyl sulphate. Soluble pro
teins prepared from wool by the peracetic acid-alllillonia 
extraction method gave molecular weight values of similar 
magnitude to those observed for the thioglycollate
extractable protein. 
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(b) Amino Acid Composition.- lt is becoming more 
apparent that the rapid amino acid analysis of different 
wools and of the proteins and peptides derived therefrom 
will provide an essential foundation for the elucidation 
of Ute molecular structure of wool and its chemistry. 
Significant differences have been observed in tbe amino 
acid composition of three of the six extracts obtained 
by fractionally extracting wool with alkaline tbiogly
collatc, and these represent the most convincing evidence 
yet obtained of the protein heterogeneity of the fibre. 

(c) Studies with Model Compounds.-Peptides similar 
to those which can be derived from wool by partial 
decomposition arc being synthesized in the laboratory 
to serve as model compounds for the study of wool 
chemistry. Work is being concentrated on cystine pep
tides, in view of distinctive properties conferred on wool 
by this particular amino acid, and the preparation of a 
peptide containing two units of cysteine separated by four 
other amino acid units has now been completed. This 
product can be readily oxidited to the ring form and 
reduced again just as with the wool itself, and much 
valuable data are expected to be derived from investiga
tion of its properties. 

Another model compound bas been prepared merely 
by covering the sulphur-containing group of cysteine 
with a basic group and then linking together many units 
of this product. Modification of the sulphur-containing 
groups has been found to make this polymer susceptible 
to attack by the enzyme trypsin. Similar modification 
of the cysteine in wool should enable trypsin to attack it 
also, to provide useful fragments for wool structure 
studies. 

The protein insulin, like wool, contains a high pro
portion of cystine, and moreover its precise amino acid 
composition is known. Jt therefore serves as an 
admirable experimental model which embodies some of 
the chemical features of the simple cystine peptides and 
in addition properties which are associated only with 
large molecules containing cross-linked peptide chains. 
Careful study of the structure of insulin has suggested 
that the helix in which the amino acid units are believed 
to be arranged in proteins may reverse direction at certain 
points. The same type of structure would be expected 
to occur in some of the cystine-containing proteins of 
wool. 

(d) lnf ra-red Spectroscopy.-By treating wool with 
heavy water, known chemically as deuterium oxide, a 
change in the infra-red absorption spectrum of the fibre 
has been obtained which indicates that this substance is 
unable to penetrate into certain regions. These are 
believed to be the crystalline regions of the fibre. The 
treatment also causes the hydrogen atoms in all the amide 
groups of wool to be replaced; this indicates that they are 
probably not distributed uniformly through the fibre but 
t1re restricted mainly to the non-crystalline regions. 

1 0. PROTllfN STRUCTURE. 

(Division of Jndustrial Chemistry.) 

Fundamental to the investigations on protei11 structure 
i:. the synthesis of crystallizablc peptides for X-ray 
examination. A compound containing the amino acid 
sequence proline-hydroxyproline, believed to be important 
in collagen, has been prepared, and preliminary X-ray 
data have been recorded to assess its suitability for full 
analysis. The alkaline degradation of derivatives of 
toluene-p-sulphonyl-a-amino acids mentioned in the last 
Report has been further studied, and the factors influenc
ing the extent of the degradation have been established, 
so that conditions can be found for obtaining maximum 
yields in the synthesis of toluene·p-sulphonyl peptides. 

X-ray studies of the amino acids, from which peptides 
and proteins arc built up, have continued. In the crystal 
structure analysis of aspartic acid hydrochloride, a more 
elaborate formulation of the structure factor equation 

has been required to take into account the thermal vibra
tions of the individual atoms. Further refinement of this 
structure is being made. Earlier experience with the 
" heavy-atom" technique in the analysis of the structure 
of large molecules and with full or partial three· 
dimensional data, bas indicated that these methods are 
suitable for the attack on peptides of structural signifi
cance, provided that suitable derivatives can be obtained. 
The computing machines being built in the Division will 
be necessary for the full exploitation of these techniques. 

I I . BIOLOGICAL D EGRADATION OP TEXTILES. 

(Wool Textile Research Laboratories.) 

(a) Wool Damage by Bacteria.-When wool is steri
lized by the usual method of heating with steam under 
pressure in an autoclave, its proteins are severely 
damaged, as has been demonstrated by measuring its 
reduced alkaline thioglycollate solubility and enhanced 
digestibility in trypsin. Many published reports on the 
bacterial damage of wool sterilized in this way are there
fore unreliable. A new method of steriliting wool 
without the application of heat has been devised, and 
therefore the accurate assessment of the action of pure 
strains of bacteria on undamaged wool has now become 
possible. 

(b) Fungal Degradatiun of Ce/111/ose.-Of the group 
of enzymes produced by Stachybotrys atm and respon
sible for the breakdown of ce;iulose. a cellulasc has now 
been prepared in bulk culture and shown to attack com
pounds ranging from filter p:!per cellulo~... down to the 
three-glucose molecule cellotriose. I t is unable to 
initiate degradation of highly crystaJJine cotton cellulose. 
Cellobiase, another important member ol' the group, con
tinues the degradation by splitting the two-glucose 
molecules of cellobiase into glucose molecules, and its 
production in relation to tha t of cellulase is now being 
investigated. A p-glucosidase differing from ceJJobiase is 
an enzyme of S. atra which has received the greatest 
amount of attention so far. It has been purified and 
allowed to act on a wide range of glycosides, some 
of which had not been previously synthesited, and from 
measurements of the rate of action and of the effects of 
inhibitors a theory to explain some aspect~ of its mode of 
action has been deduced. 

12. GENERAL PROTEIN INVESTIGATIONS. 

(Wool Textile Resea rch Laboratories.) 

Research on coJJagen bas been concerned with the 
development of methods of incorporating radioactive 
glycine into this protein and into other proteins of the 
skin, and with the purification of these labelled products. 
Studies of the distribution of radioactive glycine within 
the molecules of collagen and associated skin proteins 
will enhance our knowledge of their structure and thereby 
contribute towards their most effective utilization in the 
m:rnufacture of leather and other products. 

XVII. FODDER CONSERVATrON AND PLANT 
FIBRES. 

1. G ENERAL. 

Fodder conservation is essential for the agricultural 
prosperity of Australia. As part of the annual pro
gramme of farm management, fodder should be stored 
during the spring to meet the exigencies of the following 
winter; perhaps even more important in many districts 
is the need to have sufficient fodder on hand to provide 
at least a subsistence ration for stock in time of drought. 
Although haymakiag and, to a much less extent, ensilage 
are widely carried out in this country, an even more 
extensive programme of these types of conservation is 
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called for; at the same time every effort should be made 
to reduce, by improved techniques, the enormous losses 
which so often occur. 

Tbe Plant Fibre Section of C.S.I.R.O. recently under
took the study of various basic problems associated with 
haymaking and ensilage; it bas also assumed respon
sibility for research on haymaking machinery previously 
carried out at the School of Agriculture, University of 
Melbourne. Considerable interest and tangible support 
for this work bas been received from tbe Australian Dairy 
Produce Board and a number of leading agricultural 
machinery manufacturers. At the same time, the work 
of the Section on plant fibres has been very much cur
tailed. Most of this work was commenced during the 
war to assist with agricultural, processing, manufacturing, 
and utilization problems of the flax industry. This 
industry is now being continued on a much reduced scale. 
Furthermore, interest in other plant fibres such as jute and 
kenaf has also waned in this country as supplies from 
overseas have become easy to procure. 

2. Foontm CONSERVATION. 

(Plant Fibre Section.) 
(a) Chen1ical ln.vestigations.- Although there are 

limitations to the use of chemical analyses for assessing 
fodder value, such analyses provide a very useful guide 
to the changes accompanying various methods of conser
vation and storage. The constituents being studied in 
most detail are those containing nitrogen and also the 
various sugars. 

( b) Physical lnvestigation.s.- Studies to provide basic 
informatio11 on haymaking operations are being made of 
the drying characteristics of pasture plants, their moisture 
content equilibria, and the effect of drying conditions 
on respiratory losses. A mechanical method of separating 
the fragile from the tougher portions of plants has been 
developed to measure their susceptibility to mechanical 
loss. 

( c) M icrobio/ogical In ves1igations.-Detailed studies 
are being made of the bacteiia associated with the ensilage 
of various crops. In particular the lactic acid bacteria 
from crops of lucerne, rye grass, and clover have been 
isolated and characterized. Changes in the nitrogenous 
constituents of plant material during ensilage are of prime 
importance and these are also being investigated. 

(d) Haymaki11g lnvestiga1io11s.-Experiments begun the 
previous year were continued last summer at the State 
Research Farm at Werribee and the C.S.I.R.0. Field 
Station at Cobram. The object of these field trials bas 
been to determine the effects of time and method of 
raking on the characteristics of the windrows formed, 
their rate of drying, mechanical losses, and change in 
chemical composition. Experimental difficulties, mostly 
associated with sampling, have detracted somewhat from 
the value of this work and improved techniques are now 
being sought. investigations have also been made of the 
pick-up of moisture by bales of hay exposed to rain and 
of the characteristics of baler twine. 

(e) Ensilage fllpestigatio11s.-A number of ensilage 
trials have been made of rye grass, clover, and lucerne 
using small laboratory silos. Tn each case botanically 
pure material has been used and the temperature main
tained at about 38° C . The variables examined have 
been the maturity of the crop and the compaction 
pressure. WiU1 some trials the effects of additions of 
molasses and sodium 111et:1bisulpbite bave also been 
~tu died. 

3. AGRICUl.TURAL ENGINEERING. 

(Plant Fibre Section.) 
(a) Side-delivery Rake.-Pollowing a geometrical 

analysis of the action of existing hayrakes a new design 
was proposed which, it was thought, would handle the hay 

more gently. An experimental unit, based on this design, 
has been constructed and given a preliminary trial. How
ever, owing to various mechanical troubles and, more 
especially, to the sampling difficulties associated with bay
making trials in general. no conclusions regarding the 
rake can yet be drawn. 

(b) Mower.-An investigation of mower design and 
operation is well under way. The field performance of 
power take-off mower.s provide ample evidence that exist
ing designs are far from satisfactory. Equipment has been 
set up to enable studies to be made of stubble pattern, 
the behaviour of the crop in and near the cutting ;zone, 
the cyclical energy demand and the cutting force, and the 
mechanical properties of crops. Various knife shapes and 
both single and double knives are being investigated. 

4 . PLANT FIBRE lNVESTJGATfONS. 

(Plant Fibre Section.) 

During the past twelve months, work on fibres has 
largely been confined to co-operation with the Flax Com
mission, the Victorian Department of Agriculture, and the 
Department of Territories in evaluating and spinning fibre 
from various field trials. 

XVIU. INDUSTRIAL CHEMISTRY. 

l. G ENERAL. 

The Division of industrial Chemistry represents the 
major concentration of chemical research within the 
Organization, although much chemical work is under
taken in other Divisions and Sections. 

This Division was formed : (a) to promote greater 
technical efficiency in established industries; ( b) to 
stimulate the establishment of new industries; (c) to 
encourage the use of raw materials of Australian origin; 
(cl) to seek substitutes for imported materials; and (e) to 
find uses for by-products not utilized. 

In addition to its basic chemical work, the main 
research activities within the Division deal with mineral 
utilization, cement, ceramics and refractories, organic 
chemicals, wool, brown coal, and water conservation. 

The Division's study of the constituents of wool wax 
and possible ways of utilizing them or their derivatives is 
described in Chapter XVI., Section 4. The Division is 
also studying the structure 0£ proteins in relation to wool 
(see Chapter XVI., Section 10). The Division's work 
on the utilization of brown coal is described in Chapter 
XX., Section 6. 

Division of industrial Chemistry.--Since the formation 
of the Division in 1940, a major portion of its research 
programmes bas necessarily been devoted to basic studies 
in various fields of chemistry. These studies were 
frequently undertaken to provide the background for the 
solution of a particular practical problem, but an 
endeavour has always been made to ensure that the 
manner of tackling the problem would lead to results 
of general as well as particular value. It is a note
worthy result of this policy that most of the practical 
successes that have been achieved in recent years are in 
directions which could not have been foreseen when the 
original basic work was undertaken, and are of a level 
of importance far higher than the solution of a particular 
p~·oblem coul? have b~en. For example, rather than pro
vide a routine service i_n spectrographic analysis, a 
critical study of emission spectroscopy was made which 
directed attention, in turn, to absorption spectroscopy and 
led to a new and potent analytical method. Again, a 
study of methods of separation based on a.dsorption pro
cesses has led to a new chemical engineerino develop
ment, the "resin-in-pulp " process, which eliminates a 
costly filtration step in the recoverv of uranium from ore 
pulps and which shows promise , of application in the 
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recovery of gold and in other separation processes. 
Research oa the physical chemistry of surface films on 
wntcr has given a means of reducing. the en?r~ous 
wastage of water by natural e.vapo.rat1on. Ongmally 
underrnken in relation to the gas1ficat1on of brown coal, 
stlldies on the technique of fluid-bod roasting have led 
to important advances in copper metallurgy. 

These advahces have found ready recognition both in 
Australia and overseas: the atomic adsorption spectro
meter is being prepared for manufacture under licence by 
Hilger and Watts Ltd.; successful pilot-plaat develop
ment of the resin-in-pulp process, financed by the Aus
tralian Atomic Energy Commission and the Rio Tinto 
Company, through its Australian associates, Mary 
Kathleen Uranium Ltd.. has prepared the way for 
negotiations for licensing the process; the discovery that 
cetyl alcohol can be used to reduce natutal evaporation 
bas inspired parallel experiments in Kenya and lndia, and 
during the year. the Southwest Research Jnstitute of 
San Antonio. Texas, sponsored a visit to America by 
an officer to advise the Jnstitute on the initiation of 
further work there. Recently, the copper metallurgy pro
gramme has been extended to include also a study of the 
clcctrowinning of copper recovered from the fluid-bed 
roaster calcine. and the original sponsors, Mt. Lyell 
Mining and Railway Co. Ltd. and Mt. Morgan Ltd., 
have been joined by the other major Australian copper 
producers, Mt. fsa Mines Ltd., and Pcko N.L. Ltd. 

Outstanding worl< by officers of the Divisio11 in other 
fields has bden recognized by invitations to attend over
seas conferences. Dr. A. L. 0. Rees attended the Third 
International Meeting on the Reactivity of Solids at 
Madrid; Mr. R. 0. Thomas represented the Organization 
at the International Conference on the Peaceful Uses 
of Atomic Energy; in recognition of his work in electron 
microscopy, Dr. A. J . Hodge was invited to a conference 
in New York on tissue fine structure, and Mr. B. W. 
Wilson attended, by invitation, the World Symposium on 
the Utilization of Solar Energy at Tucson, and Phoenix, 
Arizona. These visits have at once provided an oppor
tunity for these officers to contribute to the proceedings 
of the Conferences and have also given them an invalu
able opportunity to become acquainted with modern 
trends in their respective fields. 

During the year, Dr. J. D. Morrison was awarded u 
Commonwealth Fuml Fellowship for bis work in mass 
spectroscopy and will study for a year in the United 
States of America. Dr. K. M. Alexander has taken up 
a French Technical Co-operation Scholarship and. after 
six months in Paris, will study for twelve months at the 
Stnnford Research Institute under a Fellowship of that 
Institute. 

lh othdr ways also, officers of the Division continue 
to take their place in interoationnl science. The Chief 
of the Division is Convenor of the Nationnl Committee 
for Pure ond Applied Chemistry which is nffiliated with 
the T.U.P.A.C. Dr. A. L G. Recs is also a member of 
this Committee. Dr. J. M. Cowley has accepted 
appointment ns the Chief Organizer of the Symposium 
on Electron Diffraction Studies of Solids and Oases at 
the forthcoming Montreal meeting of the International 
Union of Crystallography. 

Dr. A. McL. Mathieson has been awarded the degree 
of Doctor of Science in the University of Melbourne, in 
recognition of his X-ray work on molecular structure. 
Dr. M. E. Winfield bas been admitted to the degree of 
Doctor of Science in the University of Western Aus
tralia for his work on heterogeneous catalysis. 

It has been a pleasure to welcome ns a guest worker 
in the Division Dr. Kiang Ai Kim of the University of 
Malaya. Dr. Kiang spent six weeks studying techniques 
employed in the separation and purification of natural 
pl'oducts. As a result of his visit, the Division has been 
asked to arrange for an Australian scientist to go to 

M:iluya to help establish a phytochemical survey ih that 
country. From within AustraJia, there have come to the 
Division for periods up to several months a number of 
i11vestigatots whose aim bas been either to collaborate 
directly on a scientific or technological problem or to leato 
some technique already established in this laboratory. 

The uonation of a compressive strength machine b) 
the Adelaide Cement Co. Ltd. is gratefully acknowledged. 

The. Division's general workshop, which has, since its 
formation, shared accommodation with the workshop of 
the Aeronautical Research Laboratory of the Department 
or Supply, will shottly be moved to a new building. 

2. MINERALS UTILIZATION. 

(Division of Industrial Chemistry.) 
Certain phases of extractive metallurgy continued to 

form an important part of this work. Projects related 
to the recovery and purification of uranium, thorium, 
zirconium, and hafnium derivatives from Australian 
mineral sources have an obvious relation to current 
requirements in nuclear energy developments. The con
tinuing importance of the germanium in transistor devices 
has justified a survey of Australian occurrences of this 
element and bas emphasized the necessity for improve
ments in processes for extraction of germanium from 
widespread low-grade sources. In this, as in the case of 
copper extraction, the advantages which may be expected 
to accrue from the development of bydrometallurgical 
extractive pt'ocesscs have been emphasized in the projects 
concerned. The important influence often exerted on the 
physical and chemical properties of various industrial 
materials of mineral origin by small amounts of impuri
ties bas formed the basis of very diverse investigations in 
the Section's programme. Projects based on chemical 
crystallography, phototropic compounds, clectrowinning of 
copper, and separation of hafnium from zirconium are 
among those which may be cited in that category. Studies 
on the properties of new inorganic compounds have been 
undertaken concurrently with the applied investigations, 
with the object of extending the industrial utilization of 
mineral derivatives. 

(a) Hydromet(ll/itrgy of Coppcr.-Work on the acid 
leaching of copper from calcines produced in the fiuo
solids roasting of chalcopyrite concentrates from Mount 
Lyell and Mount Morgan have been continued. Impuri
ties which are dissolved concurrently with the copper 
include iron and molybdenum, and these two elements 
have an important bearing on the subsequent electro
winnlng of copper from the leachate. Research has con
tinued on the methods for the most effective oxidation of 
ferrous iron prior to its chemical precipitation as hydroxide 
or its adsorption on ion exchange-resin. Current research 
has demonstrated fot the first time that a pronounced 
cmbrittlcment in the electrodepositcd copper is attributable 
to small amounts of molybdenum in the electrolyte. This 
embrittlemcnt can be a limiting factor in the production 
of starting sheets. This observation bas led to a survey 
of tho occurrence and distribution o( molybdenum in the 
ores and subsequent metallurgical products. Methods for 
the removal of molybdenum from the electrolyte or, 
alternatively, for eliminating the embrittling effect on 
the copper produced were devised and have proved 
successful in laboratory-scale tests. 

(b) Uranium Extraction.-Work has continued on the 
Division's process, \vhercby utanium is preferentially 
leached by ~ulphuric acid autogenously produced from 
pyrite either present in, or added to, the ore. In some 
locations this may well prove to be the cheapest way to 
provide the suJpburic acid needed. Detailed studies were 
made on the mechanism of acid generation from the pyrite 
as a basis (or application of the process to other metals. 
Major improvements were made in the design of the 
reaction vessel particularly to enable adequate control of 
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agitation and aeration during leaching. Non-pressure 
leaching tests were conducted on numerous Australian 
uranium ores, particularly those from the Northern Terri
tory, to determine the respective merits of leaching under 
acid and alkaline contlitions, at constant pH, and under 
" acid-cure " conditions, &c. Particular attention has been 
paid to the ianuencc of clay-like minerals on the yield of 
uranium obtained by acid leaching. The regeneration of 
nitric acid from barren liquors has also been examined 
with a view to inexpensive recovery of the acid. 
Co-operation with the Australian Atomic Energy Commis
sion was continued, especially with regard to the testing 
of new ores and the examination of special samples from 
Rum Jungle. Extensive analytical assistance was supplied 
for the resin-in-pulp project described elsewhere. 

(c) Zirco11iwn-lw/11i11111 Separation.-The chemical 
separation of the small amount of hafnium from the zir
conium, with which it is always associated in minerals, 
is a necessary requirement if the zirconium is to be used 
for a cladding element for uranium rods in a nuclear 
reactor. The separation involves considerable chemical 
difficulties and the method devised in this laboratory has 
notable advantages compared with processes currently in 
use overseas. Pound-scale separation of zirconium and 
hafnium tetrachloridcs by preferential reduction of the 
zirconium to the trivalent state has been developed into 
a semi-continuous process which has been patented. 
Either aluminium or zirconium m etal has been used to 
reduce crude zirconium tetrachloride to the involatile 
tricholoride, and the unreduced hafnium chloride has been 
sublimed away. The hafnium-free zirconium trichloride 
has then been disproportionated iti vacuo to give a sub
limate of pure zirconium tetrachloride and a residue of 
involalile dichloride. This dichloride has then been used 
to reduce a further batch of crude tetrachloride to the 
hafnium-free trichloridc and the cycle of reduction, subli
mation. and disproportionation can be repeated indefi
nitely using a fresh batch of crude anhydrous chloride for 
each reduction. A mild steel reaction vessel similar in 
design to the Kroll reduction vessel has been used for 
these investigations and has shown no signs of serious 
corrosion after twelve months' service. A programme of 
fundamental work has provided data on the reduction of 
zirconium letrucbloride to the trichloride. This informa
tion has made possible the recovery, in a single cycle of 
reduction and disproportionation, of more than 80 per 
cent. of the crude zirconium chloride as a product with 
a hafnium/zirconium ratio of 0.05 per cent. An investi
gation, which is being conducted jointly with the 
Metallurgy School of Melbourne University, on the elec
trolysis of the lower chlorides, has been continued. A 
study of Lhe behaviour of zirconium carbide electrodes in 
fused salt baths was also commenced. 

(d) Thorium Purification.- Gre.atly increased attention 
has been paid to thorium over the past year because of 
the fact that the fissionable isotope U233 can be made in 
an atomic reactor from thorium metal or suitable thorium 
compounds. Purification of thorium, therefore, has 
acquired a new significance. Since metal of the highest 
purity is obtainable by thermal decomposition of the 
iodide, synthesis of the tri- and tetraiodides has been 
studied and preliminary kinetic studies made of the rate 
of iodination of crude thorium. It has been established 
that the carbide reacts with iodine and that there is less 
tendency to form undesirable lower iodides in this reac
tion. Thorium oxyiodide has been synthesized by the 
reaction between tetraiodide and oxide and by the reaction 
of the tetraiodide with oxygen. Very low yields of tetra
iodide may be obtained in iodination reactions if the 
crude metal contains a notable amount of oxide or oxygen, 
since the temperatures of iodination and oxyiodide forma
tion are relatively close. A number of very pure thorium 
filaments have been grown and soft, ductile metal has 
been obtained. A study of optimum conditions of growth 
and of impurity transfer was commenced. 

( e) Ger111a11i11111 Sun•ey am/ l:.xtrac1io11.-The pro· 
gramme of as~essing the availability of germanium in Aus
tralia has been concluded. lt has be:!n established that the 
major potential source of germanium is flue dust from 
coal-fireu boilers of power generating staLions. The ger
manium content of these t'usts varies with the coals used 
and the quantity of coal a\ h carried into the flues by 
several types of combustion units. Dust of highest ger
manium content located ranges up to 8 oz. of germanium 
metal per ton, but, in general. rhe amount is Jess than 
this figure. The low concentration of germanium requires 
the development of new c>.traction techniques, and pre
liminary work was done on rhe richer dusts. Both physical 
and chemical concentration has been considered. Sizing 
tests have shown that most of the germanium is found 
in the finest material. Chemical extraction tests show 
promise for economical extraction of a substantial portion 
of the germanium and will be continued. 

(/) La111c//ar Compounds.- Following the conclusion 
of theoretical studies on these compounds attention was 
d.irected towards development of useful applications for 
them. Incorporation, in cured rubber, of the special 
form of finely divided carbon resulting from thermal 
decomposition of graphite oxide has been found to confer 
greatly enhanced electrical conductivity on the product 
compared with that obtainable with other types of carbon. 
Graphite oxide carbon also imparts to rubber unusual 
curing characteristics and hardness. 

Fundamental studies of the intercalation of metals in 
graphite as chlorides have led to the discovery that 
certain paraffin-soluble, metal-organic compounds are 
effective as additives for suppressing the smoking of 
hydrocarbon fuels. Substantial smoke abatement has 
been noted when these substances are added to fuels 
used in oil-fired furnaces and in petrol engines. 

(g) Pho1otropic Compounds.-Earlier work on the 
light sensitivity of titanium oxide pigment containing small 
amounts of certain metallic impurities has been extended 
to include the oxides of aluminium, tin, germanium, 
and tantalum as host oxides. These have been shown 
to exhibit phototropic efTects when sensitized with small 
amounts of impurities such as iron, nickel, copper, 
chromium, and cobalt. The sensitization of the host 
oxide in these instances is usually more specific than is 
the case with titanium oxide. By the use of suitable 
light filters the most effective wave lengths of the incident 
light for development of phototropic effects in these 
several compounds were determined. The theoretical 
aspects of this work are directly related to the tech
nology of inorganic pigment preparation where the 
pres.::nce of impurities is often a limiting factor in the 
permanence, or constancy, of colour tones. 

( h) Transition Grm1p S11/plzides, &c.-Further ex
ploratory work was dcne on the synthesis of sulphides, 
selenides. and tellurides of titanium, zirconium and 
thorium. Of some fourteen distinct com~ounds 
synthesized, ten are new insofar as an examination of 
their physical characteristics is concerned. Properties 
such us stability to heat and oxidation, electrical conduc
tivity. and their possible use as dry lubricants have been 
determined. Valuable data on the progressive transition 
of physical properties wi th chemical variation in the 
binary components of this series have now been obtained. 

(i) Ch~mica/ . Crystnl/ography .-Studies of crystalline 
but chcm1cally imperfect solids were continued with a 
v_iew t~ ob_taining a hetter understanding of the utiliza
tion of minerals. The crystal structure of a lithium 
vanadium oxide was determined. This material is 
chemically inert and a good conductor of eleclticity. A 
survey was made of other oxides which might be 
expected to lrn ve anomalous properties, and amongst 
these a ternary oxide of hexavalent chromium and a 
mixe~ tungstcn-~irconium oxide have received special 
attention. T he mcorporation of sodium into the lattice 
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of ferric ·fluoride was experimentally established; this 
compound may have a possible use in water purification. 
A non-stoichiometric oxyftuoride of cerium was also 
studied. 

(j) Fluorine Chemistry.- Since fluorine is being used 
more extensively each year in overseas countries, there is 
need for Australia to develop in this direction also. A 
fluorine cell was constructed in this Division and operated 
satisfactorily. Techniques have been developed for 
avoiding the hazards associated with the handling of 
elementary fluorine, bromine trifiuoticle, and anhydrous 
hydrofluoric acid. A variety of reactions involving eerie 
fluor ide, its synthesis, and the formation of cerous 
oxyfiuoride were studied. 

3. CEM ENT AND CERAMICS. 

(Division of Industrial Chemistry.) 

Work has continued in two main fields : (a) the manu
facture, properties, and utilization of Portland cement, 
and (b) the investigation of raw materials and processes 
used in the Australian ceramic industry. The pro
gramme is designed to provide answers to practical prob
lems of both special and general cha racter, but as these 
often require a good deal of fu ndamental research, pro
jects of a more basic type form an important part of the 
work. 

Inquiries have come from a number of industries con
cerned in directly with materials and processes connected 
with the fields of cement and ceramics. Several new co
operative investigations have been initiated by companies 
directly conce rned with cement manufacture , clay pro
duction, whiteware manufacture, and the design of 
metallurgical refractories. Financial assistance has been 
provided by the Cement and Concrete Association of 
Australia , and a valued gift of equipment has been made 
by one of the member companies. 

(a) Cemenl flydrcitio11 and Stre11gth Developme111.
Production in pure form of some of the compounds 
present in cement clinke r has given a basis for work on 
the ra tes of tile reactions involved in setting and harden
ing of cement pastes. First determinations on dicalcium 
silicate have shown that the hydration ra te is controlled 
by temperature in a manner which suggests that viscosity 
of the water phase exerts a controlling influence on the 
system. The other main factor in the reaction rate 
appea rs to be linked with the progressive increase in the 
thickness of gel layers surrounding primary particles of 
clinker materials. The implications of this are being 
studied, and similar dete rminations on tricnlcium silicate 
are under way. 

(b) Flo iv Properties of M ortars and Concretes.-The 
effects of air-entrainment and the mechanism involved 
therein have now been studied over a wide range of 
systems, and results have been published. The project 
has deve loped in to an extensive investigation of the 
physical prope rties of wet, plastic morta rs and concretes. 
A new type of admixture has been discovered which 
improves the texture and plasticity of mixtures low in 
cement and fine aggregate. The addition of small 
amounts of a complex organic com'10und to the mixino 
water permits production of a soft ea-sily worked concrete~ 
which may be vibrated into place without bleeding and 
segregation. 

(c) The Cement-aggregate Bond and Crack Develop
ment.- From the results of an earlier project on the 
properties of pozzolanic cements, a new approach has 
been developed in the study of the s trength of concretes. 
Strength depends on the properties of the cement paste. 
the degree of adhesion of the paste to aggregate, and 
the strength of the rock used as aggregate. The relative 
importance of these facto rs bas been demonstrated in a 
series of experiments using different types of pastes and 
aggregates, and the results are in course of publication. 

The most important featurei of the new reBult' an:. 
( l) that the strength of the cement-aggregate bond may 
exceed the strength of the paste matrix in certain con
cretes; (2) tha t the surface of any aggregate has more 
or less "pozzolanic" activity; (3) that tbe mechanism of 
fai111re of concre te under load can depend on the wate1· 
cement ratio du ring mixing; and (4) that moderate 
amounts of alkali in cement may have a beneficial effec t 
on the early strength of concretes. 

On aging and weathering, the strength of concrete is 
lowered by fine c racking due to shrinkage or expansion. 
Detailed study of volume changes due to freez.ing and the 
action of various salt solutions has shown that the best 
method of prevention of deterioration should be based on 
red.uction of the permeability of concrete. Surface treat
ments and additives in the mix have been investigated 
with this in mind. Some of the additives are giving satis
factory results and will be examined on a larger scale. 

(d) Clay and Wliite1vare lnvestigations.- The study of 
the microstructure or "fabric " of whiteware and clays 
has continued with special reference to particle orienta
tion nnd the relation of this to recovery from deformation 
a ncl to effects such as uneven drying and firing shrinkage. 
The results have attracted particular attention in the 
United States of America, where manufacturers and 
research workers have combined to arrange for a mem
ber of the Division to visit plants and laboratories and 
to discuss the topic. 

ln a study of the penetration hardness of clays, it was 
found that the load-bearing capacity of plastic specimens 
was related to the water content in a critical manner over 
a n a rrow range. This may lead to more quantitative 
evaluation of industrial shaping processes. Jt also has a 
bearing on the assessment of conditions causing landslips 
and rockfalls. 

Articles prepared for trade publications h ave concerned 
the properties of clays from Queensland, Western Aus
tralia, and Victoria, the problems of making craze-free 
gl;':zes, and alkaline c~sting slip control. An examination 
of the behaviour of firing of Comish stone has been com
pleted and will serve as a standard for evaluating local 
feldspathic fluxing mate rials. 

The fundamental investigation of the structure of vermi
cul itc , rega rded as one of the best developed clay 
minerals, has yielded information on the mechanism of 
thermal dehydrat ion of this kind of layer-lattice structure. 
During this work, visible rehydration of vermiculite was 
discovered. an effect which may lead to a valuable tech
nique for furthe r investigation of the general clay-water 
system. 

Some of the Victorian clays of current importance in 
industry have been examined in the field, and small-scale 
tria ls of suggested whiteware body compositions have 
given information of value to the growing local tableware 
industry. 

( e) General Refractories.-The embrit·tJement of silica 
bricks in both ca rbon monoxide aud hydrogen bas been 
linked with the devitrification of the glassy bond, giving 
at least a pa rtial explanation of the deterioration. Other 
si liceous re fractories are bei11g examined to determine 
whe ther any compositions are less susceptible to the effect, 
whjcb is probably of significance in reducing the life of 
linings in gas retorts under heavy steaming conditions. 

Australian silcrete bricks have shown satisfactory 
behaviour in a steel furnace trial The occurrence and 
petrography of the source materials have been described 
in publications which also included data on hitherto unex
ploited Aust ralian quartzites. 

Further progress has been made in surveying the 
physical properties of the genera l refractory products of 
Australian industry. The possible uses of local zircon 
smd as a refractory raw material were investigated. 
Phase equilibrium studies indicated tha t certain limited 
compositions based on zircon would be of practical 
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interest, and trial bricks have been fabricated. The use 
of bot-pressing as a method of shapiug various refractories 
has been explored and shows some success in the produc
tion of high-density products. 

An examination of refractory materials from a burnt
out copper melting furnace suggested that accepted indus
trial practice coulc.I be improved by replacement of silica 
by alumina in the refractories. Data on the phase rela
tions of silicate systems containing copper are being 
obtained by the current experimental work, whilst indus
trial trinls are proceeding simultaneously. 

(/) Special Ceramics (!11d Cermets.- A project involv
ing the use of organic additives to replace acid in con
ventional aqueous slip-cast ing techniques has been suc
cessfully developed. In an extension of the project 
magnesium oxide has been cast from non-aqueous slips 
with good mould extraction and green strength. Improve
ments in sintering technjqucs have produced fired ware 
of much higher density than typical commercial products. 

Thoria and zirconia, moderate electrical conductors at 
high temperatures, bave been studied in relation lo the 
development of composite heating elements for use in air 
above the normal temperature limits of commercial 
devices. 

Molybdenum disilicide, a synthetic material showing 
promise for high-temperature mechanical and electrical 
applications, was made by direct reaction in argon. 
Attempts arc being made to combine synthesis and shaping 
in one operation using the hot pressing technique. This 
silicide and metal-bonded titanium carbide are both being 
examined as potential die materials with which to extend 
the pressure range of the hot press method. 

Other investigations are concerned with the effect of 
small additions of specific materials to the alumina
chromium system and to the refractory material zirconia. 
If additives can overcome the wetting problem in the 
alumina-chromium cermet, it should prove to be an 
excellent high-tempcr:.iture engineering material. A reliable 
additive to suppress the zirconia inversion would also 
make available a valuable special refractory. 

(g) Adelaide Ceramics Laboratory.-This group has 
continued as a local advisory and developmental centre 
in collaboration with the School of Mines and Industries 
and the Department of Mines. Raw materials and pro
cessing problems in the heavy clay industries have formed 
the main projects. Detailed accounts of the properties of. 
brick clays in the Adelaide urea have been prepared, new 
deposits have been examined, and successful blending 
methods introduced in sections of the industry. Experience 
with local blending problems proved of great value in 
helping to solve a major problem in a Victorian brick 
plant. 

4. FOUNDRY SANDS. 

(Division of Industrial Chemistry.) 

A laboratory, located in lhe Metallury Department of 
the Royal Melbourne Technical College, is equipped for 
the study of foundry problems with special reference to 
moulding san~s. A catalogue of Australian moulding 
sand deposits is maintained; during the year additional 
information has been gathered on new deposits, especially 
on suitable materials for mechanized found ries in Geelong. 
Deposits on the Bellarine Peninsula, close to that centre, 
have been surveyed. The sands are of ideal grading, but 
are heavily contaminated with limestone. 

An investigation of the properties of Marchagee ben
tonito has been fin alized, and t·hc results have been pub
lished. It has been shown that this clay is a suitable sub
stitute for the Southern-type bentonite imported from the 
United States of America, for incorporation in the so
callcd "synthetic" moulding sands. 

The Section has also investigated the melting of fine 
metal powder recovered by ore-dressing methods from 
furnace spillings. A flux has been derived which will 

allow the recovery of up to 92 per cent. metal from a 
mixture contaminated with 6 per cent. oxide. 

5. PHYSICAL CHEMISTRY. 

(Division of Industrial Chemistry.) 
T he properties of surfaces continue to provide fruitful 

subjects for study in fields as diverse as the c?alesce~ce 
of drops, the separation of uranium from slumes by ion 
exchange, the reduction of natural evaporation, and the 
mechanism of rubber reinforcement. The properties of 
materials at high pressure, in particular the effect of 
pressure on chemical reactions, the relation of the pro
perties of liquids and liquid mixtures to their molecular 
structure, the chemical characterization of carbons, and 
the fixation of nitrogen arc other main lines of investiga
tion. The work on flotation has been terminated in order 
that a study may be initiated of the surface forces which 
are the basis of the artificial nucleation of rain. 

(a) Properties of Liquids.-Further results have been 
obtained in the experimental and theoretical study of 
liquids and solutions, aimed at relating their structure 
with properties of importance in distillation. A new 
approach to the theory of simple liquids has been shown 
to give a satisfactory description of · the critical region 
of density and temperature, where earlier theories were 
unsatisfactory. SimiJar methods are being applied to 
polar liquids and solutions. Detailed experimental study 
has been made of a group of solutions of polar liquids, 
including all possible binary combinations of acetonitrile, 
rutromethane, acetone, benzene, and carbon tetrachloride. 

(b) The Chemical Effects of High Pressure.-Work 
in the High Pressure Laboratory has again been centred 
on the problem of why pressure alters the rates and 
equilibria of chemical reactions in the liquid phase. Con
currently with a theoretical attack, a number of experi
ments have been carried out to fill gaps in the existing 
data and to test the theoretical conclusions. The experi
ments have included the first measurements of the rates 
of simple free-radical reactions under pressure, and some 
determinations of the ionization constants of weak 
electrolytes at pressures up to 12,000 ntmospheres. An 
apparatus has been designed lo extend the pressure range 
to 45,000 atmospheres and some preliminary results have 
been obtained at that pressure. The apparatus makes use 
of a new and simple form of pressure seal which 
promises to be useful in other applications. 

The bursting strength of thick-wall~d cylinders is a 
vital (actor in the design of industrial high-pressure plant. 
A number of bursting tests have been carried out in the 
Laboratory and the results show that, although there is a 
straightforward algebraic relation between the bursting 
pressure and the thickness of the cylinder wall, it is not 
at all of the kind required by the usual engineering 
formulae. 

(c) Coalescence of Drops.- Liquid drops floating on a 
surface of the same liquid were studied using high-speed 
cinematography. The coalescence of a drop with the 
underlying surface or with another drop on collision is 
delayed by the air film trapped between them. The drops 
were found to remain on tbe underlying surface for a time 
proportional to their size. When two drops collided, 
they bounced or coalesced within a time proportional to 
the cube of the size of the smaller drop. Drops of dia
meter smaller than 0.05 cm. coalesced rendily with other 
drops, but those larger than O. l cm. were more likely to 
bounce. These results have a bearing on the coalescence 
of colliding jets. rnist, and raindrops. 

(d) Flotation of Tin Ores.-An investigation of the 
separation of cassiterite from the Maranboy ore by flota
tion has been completed. Tourmaline, which normally 
floats with cassiteritc, has been satisfactorily depressed by 
silico-fluoride while the flotation of fine qunrtz has been 
minimized by controlling the ferric ion content of the 
pulp. 
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The development of a novel cleaning method in which 
flotation is coupled with hydraulic sizing has enabled 65 
per cent. of the cassiterite to be recovered in a concentrate 
analysing 50 per cent. tin. This result was achieved in 
batch tests with no rctreatment of middlings. 

(e) Rubber Reinforcement.-Studies on the reinforcc
meht of rubber by carbon black have been continued, 
particular attention being paid to the mechanism of 
abrasion. In a series of experiments on heat-treated 
carbon black, it was shown that there is a close relation
ship between the chemical chaarcteristics of oxygen 
groups in the carbon surface (phenolic, quinonoid) and 
the abrasion resistance of rubber compounded with these 
carbon blacks. Iron which is always associated with 
carbon blacks appears to play a dominant role in this 
mechanism. It has been found that strongly bound iron 
affords protection against abrasion. Such iron may be 
present either in phenolic blacks prepared at low tem
perature or in semiquinone blacks prepared at about 
700° c. 

Work is continuing on the characterization of carbons 
used for industrial purposes. 

(/) An Ion-exchange Process for the Recovery of 
Uranium from Ore Slurries.-A new process of ion ex
change has been developed for the direct extraction of 
uranium from an ore pulp. A pilot plant has been con
structed and successfully operated with the fina ncial assist
ance of the Australian Atomic Energy Commission and 
of Rio Tinto Finance & ExploraLion Ltd. operating 
through Mary Kathleen Uranium Ltd. The South Aus
tralian Department of Mines and the Permutit Co., 
London, have provided assistance with staff for part of the 
investigation. 

The process may be operated batchwise or continuously. 
The essential feature, common to both, is the use of jigged 
beds of ion-excha11ge resins which behave like a fluid in 
non-turbulent flo w. Pulps containing up to 40 per cent. 
solids may be passed through such a bed, but difficulties 
in removing sands from such dense suspensions have 
necessitated working with a pulp density of 20 to 30 per 
cent. solids. 

In conventional practice, the feed pulp must be filtered 
or decanted, and a clear liquor only fed to the ion-ex
change columns. More than 2 per cent. of the uranium 
is usually lost with the rejected solids. The resin in pulp 
process eliminates this step and the ion-exchange effi
ciency matches thnt of the conventional ion-exchange 
column. Jn both batch and continuous operation 99.5 
per cent. of the uranium is recovered as a clear eluate 
five to ten times as concentrated as the feed pulp. Pulp 
flow rates of up to 2 gal./min./sq. ft. have been used 
through the adsorption column. 

Negotiations arc proceeding for the licensing of the 
patents on these processes. Much interest is also being 
shown in these procedures for the extraction of ores 
containing gold. 

(g) Conservation of W ater.- Further information on 
the use of cetyl alcohol for reducing evaporative losses 
from water storages has been collected. 

Luboratory experiments have provided a better under
standing of the techniques required for efficient spreading 
of monomolecular films under field conditions, and of the 
influence of the degree of purity of the cetyl alcohol on 
performance. 

Field trials made in collaboration with many public 
water authorities and private users have shown that the 
most important problems to be overcome when treating 
large stretches of water are attrition of cetyl alcohol and 
damage to the floating containers. Methods of combat
ing these faults are being investigated. From small 
stretches of water up to about two acres in extent the 
process can be expected to reduce natural evaporation 
by 30-70 per cent. 

(h) Nitroge11 Fixation.-The utilization of atmo.s~heric 
nitrogen is thought to depend largely upon the ac~1VIty of 
the enzymes nitrogenase and bydrogeoase. Fifty-fold 
purification of the latter enzyme, obtained from the 
bacterium Desulphovibrio desulphuricans, has been 
achieved by a series of eleven procedures, five of which 
are additional to the previously published steps in bydro
genase isolation. 

Tracer experiments with radio-iron and radio-cobalt 
fed to bacteria have shown that the most highly purified 
hydrogcnase contains both of these metals. Although 
the purification is not complete, the result suggests that 
iron and cobalt are contained either in the hydrogenase 
or in an auxiliary enzyme, i.e. one which is necessary 
to the function of bydrogenase in the living organism. 

Our understanding of the properties and nature of 
hydrogenase has been extended by a comparative study 
of the mechanism by which molecular hydrogen combines 
in aqueous solution with a complex cyanide of cobalt. 
Kinetic evidence indicates that the active complex is 
cobaltous bexacyanide ion. 

The work bas led to the first detailed proposal of how 
bacteria hydrogenate nitrogen gas to ammonia at ordinary 
temperatures and pressures and in an aqueous medium. 

(i) Misccllaneo11s.- Preparations have been made in 
co-operation with other Divisions and with the Defence 
Standards Laboratory for preserving the Magna Carta 
in the National Library. A thermal conductivity gauge 
bas been designed and constructed which will be con
tained with the document in a glass enclosure filled with 
humidified helium. The gauge will indicate when helium 
has completely displaced the air from the container, and 
after the latter is sealed will give warning if a leak should 
develop at a later date. 

6. CHEMICAL PHYSICS. 

(Division of Industrial Chemistry.) 

Work has continued along four main lines, namely, 
(a) protein structure investigations, (b) the chemical 
physics of the solid state, (c) determination of molecular 
structure and energies, and (d) the development of new 
instruments and chemico-physical techniques. Consider
able collaborative and service work, based on the applica
tion of the specialized instruments and techniques 
developed in the Chemical Physics Sectloh, has been 
undertaken for industry, universities, and other parts of 
this Organization. Several guest workers have been 
accommodated for various periods during the year, bolh 
for purposes of collaboration with officefs of the Section 
and for training in the use of specialized techniques. 

Grateful acknowledgment is made to P rofessor N. S. 
Bayliss for providing accommodation for aod supervising 
vacuum ultraviolet spectroscopic investigations and certain 
aspects of atomic absorption spectroscopic work. 

Further progress has been made in stimulating the 
manufacture of specialized scientific instruments in 
Australia, and a commercial firm has shown interest in 
manufacturing several instruments based on prototypes 
developed in the Division. To date, royalties mounting to 
53,325 dollars have been paid by an overseas manufac
turer for the use of the multi-pass system in commercial 
infra-red spectrometers. 

(a) Protein Struct11re.-Thls work is described in 
Chapter XVI., Section 10. 

(b) Chemical Physics of tlze Solid State.-T he 
theoretical and experimental study of defects in crystals 
and of the implications of these defects in determining 
the physical and chemical properties of solids bas been 
continued. 

A new symbolism for solids containing defects bas been 
proposed. 
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Further calculations have been made on the energy 
band structure of ionic solids and its relation to the 
optical properties of solids. The optical properties of 
zinc sulphide have been interpreted in the light of the 
calculations. 

ln the field of luminescence in ionic solids, possible 
model mechanisms for various luminescence processes 
have been studied for comparison with the measurements 
made with the phosphorometer. The need for electronic 
circuits of high stability in tbs field has led to the 
development of new types of electronic voltage stabilizers. 
These instruments are to be manufactured in Australia. 

Theoretical work concerned with the aggregation of 
F-centre type defects in ionic crystal lattices is nearing 
completion. Apparatus for ultra-high vacuum experiments 
on surface reactions and catalysis, in particular for 
secondary electron emission experiments, has been 
constructed. 

Measurements have been made of the rate of oxidation 
of the surface of molten zinc at various temperatures. 
Interesting features have been observed in oxide films 
less than 2,000 A thick; these are of fundamental import
ance to an understanding of the oxidation and corrosion 
of metals. The need for higher accuracy at low tempera
tures has prompted the construction of sensitive absolute 
low-pressure gauges and gas-flow devices. 

(c) Molecular Structure Studies.-The determination 
of molecular structure and the evaluation of the energetics 
and mechanisms of molecular processes is fundamental 
to much of chemistry, biochemistry, and biology. 

(i) Structure Analysis by X-ray Diffraction Methods.
A method for determining the absolute configuration of 
an asymmetric molecule as well as determining its struc
ture has been proposed. 

A refinement of the structure of the 14.4 A phase of 
magnesium vermiculite has been carried out. The more 
accurate data are intended to assist in clarifying the 
structural problem which has arisen with regard to the 
related I 0.6 A phase of magnesium vermiculite. 

(ii) Stmcture Analysis by Electron Diff rnction Methods. 
-Further measurements have been made of the dimen
sions of the fine-st rue tu re features of single-crystal diffrac
tion spots given by small well-shaped crystals of mag
nesium oxide, and values of the inner potential and the 
Fourier coefficients of the potential distribution of the 
crystal lattice have been calculated. The accuracy of 
determination of inner potential has been improved, and 
some evidence has been found of a decrease in the efTec
tive inner potential of surface layers relative to that in 
the bulk of the crystal. 

(iii) Spectroscopic Studies.-Experimental and theo· 
retical studies of the electronic spectrum of iodine have 
been continued. The assignment of the electronic states 
has been revised and potential energy curves have been 
computed. To supplement this work the spectrum of 
the iodine ion has been studied and first-order perturba
tion theory has been applied to the configurations p~ and 
p' in intermediate coupling cases. 

The higher energy states of iodine and bromine are 
being studied by vacuum ultraviolet spectroscopy by an 
officer located in the Chemistry Department, University of 
Western Australia. Particular effort has been devoted to 
attempting to explain the widely differing experimental 
results obtained by various workers in this field and a 
study has been made of the effects of adsorbed layers on 
the windows of the absorption cell. 

(iv) Free Radical St11dics.-Preliminary experiments 
have shown that very great accuracy of measurement is 
necessary to detect free radicals produced in photochemi
cal experiments, and to this end considerable effort has 
been expended on increasing the sensitivity of the small 
mass spectrometer and the stability of its power supplies. 

(d) Devdopment of Chemico-physica/ Techni911es.-:
Tbe development of new apparatus and new techmques 1s 
a vital p:irt of the Section's activities, since advan.ces in 
technique frequentl5' lead to a clearer understand~ng of 
physical and chemical phenomena and often to new rnstru
ments capahle of commercial exploitation. 

(i) £ lectro11 Microscopy.-Tl~e electron n~croscope has 
been further modified to permit the recording of good
quality electron diffraction . patterns fr?m small s~l.ected 
areas of specimens, and this has co~s1derably faci11~ated 
work on the systems of electron mte_rference fringes 
observed in electron micrographs of superimposed lamellar 
crystals. Consideration of the mechanism ?~ which these 
fringe patterns arise has led to rec:o~rntion that th.e 
Patterson function is a form of moire pattern. Jt 1s 
intended on the basis of this new interpretation of the 
Patterson function to examine the practicability of new 
methods for crystal structure analysis which it suggests. 

A new type of ultramicrotome has been designed and 
constructed. 

(ii) X-ray Difjmtion.-A simple adaptor for rot~tioo 
cameras to improve the accuracy of measurement of iden
tity periods has been designed, built, and tested. The 
high-temperature adaptor for powder specimens has been 
modified to permit the use of a rectangular X-ray beam 
to reduce exposure times. The construction of an auto
matic counter goniometer is proceeding. 

(iii) Electron Di[fraction.-The electron microdi1Irac
tion camera has been modified to improve its perform
:mce and extend its range of application. Exploratory 
experi ments have been carried out to test the application · 
of a new electron-multiplying device to the intensification 
and intensity measurement of weak diffraction patterns.' 

(iv) Computers.- Progress on the image-seeking com
puter has continued and in the course of this work a new 
technique for the design of electronic circuits has been 
developed. A new system has been devised for the coding 
of the contoured maps which form the input. 

(v) Dew?fopmcnt of New Techniques in Structure 
A na/ysis: Fourier Images and a New Form11/ntion of 
Physical Op1ics.-Tbe formation of Fourier images, a new 
phenomenon observable when a periodic object is illu
minated by radiation diverging from a small source, bas 
been investigated theoretically, and the conclusions have 
been verified experimentally by using visible light and a 
two-dimensional photographically formed grating. The 
possible application of Fourier image formation to the 
imaging of crystal lattices in the electron microscope has 
been examined in detail. A small source of electrons 
placed close to the specimen will give magnified Fourier 
images of the lattice which m ay then be magnified by the 
microscope lenses. Examination of the factors controlling 
the resolution of the Fourier images has shown that 
improved overall resolution is both possible and 
practicable. 

It has been found that the theoretical treatment can be 
developed much more easily and applied more readily if 
the conventional description of physical optics is replaced 
by considerations in terms of the Fourier transform and 
convolution concepts widely used in the theory of X-ray 
:rnd electron diffraction by crystals. Generalization of 
this new approach has led to a reformulation of physical 
optics which may be applied with profit to a very wide 
range of problems in light and electron optics. A valuable 
feature is the close ana.logy between the theoretical steps 
and physical processes, which allows a graphic apprecia
tion of the problem and simplifies its formulation and 
solution. 1t bas already been shown that the new formu
lation simplifies the treatment of optical processes, such as 
the imaging by lenses, and many diffraction processes. 
Important npplicalions which are being made include the 
theory of phase-contrast microscopy, an explanation of 
the effects observed when two periodic gratings are super
imposed, and a new approach to the dynamic theory of 
electron diffraction by crystals. 
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(vi) Spectroscopy.- The technique of applying atomic 
absorpt ion spectra to chemical analysis has been further 
developed. A fully automatic apparatus for multi-com
ponent analysis bas been constructed and was exhibited 
at " Chemex ", which was held in Melbourne during May. 

A study has been made of the shape of resonance Jines 
emitted by hollow-cathode tubes and by commercial 
laboratory discharge Jomps. Sealed-off hollow-cathode 
tubes for operation at liquid-air temperature have been 
developed, and the possibilities of using such tubes· to 
provide an intcrn:itional standard of length are being 
studied in collaboration with the Division of Metrology. 

A family of double-pass instruments bas.!d on the 
Babinet-Bunsen type of spectrograph has been designed. 
These include a single-beam monochromator, a double
beam monochromator, an ozone spectrophotometer, and 
a polychromator suitable for use in atomic absorption 
spectroscopy. 

New types of Raman sources giving exciting Jines in 
the near infra-red are being tested, and the application of 
the double-pass principle to Raman spectroscopy is under 
investigation. 

(vii) Mass Spectroscopy.-Furtl1er progress in elec
tron-impact spectroscopy has been made by the develop
ment of a new design of ion source using only jig-bored 
sta inless steel plates and sapphire balls. With this source 
the energy spread in the ionizing electron beam has been 
reduced to an effective width of 0.01 electron-volts, which 
is very close to the theoretical limit. 

The conversion of the large mass spectrometer for the 
very accurate measurement of relative isotope abundances 
has been successfully carried out and the 010;01s ratio 
can now be measured to an accuracy of at least 1 part in 
5.000, permitting the measurement of paleo-temperatures 
to within l ° C. 

(viii) Specialized Optics.-A start has been made on 
the development of the technique and equipment for higb
resolution interferometry in the ultraviolet, and evapora
tion equipment is under construction for producing multi
layer dielecu·ic films for use as reflective coatings in a 
Fabry-Perot interferometer. 

(.:) Col/aborntive t111tl Service Work.-As in previous 
years the specialized facilities of the Division have been 
made available through collaboration and service to indus
try, universities, and other parts of this Organization. The 
extent of this activity is illustrnted by the following selec
tion of the more import·ant problems undertaken. 

(i) Electron Microscopy .-Exteosive studies on the 
lipoprotcin lamcllar systems of cells and on the mor
phology of plant mitochondria; study of the proliferation 
of a polyhedral virus or the pasture caterpillar Pterolocera 
amplicomia; examination of two viruses of cymbidium 
orchids. 

(ii) X-rny Diffractio11.-Examination of rut ile speci
mens. 

(iii ) Spectroscopy.- ln fra-red study of the slructure of 
organic natural products, in particular, alkaloids of the 
Kopsia, A lsto11ia, and Scnecio genera, hydroxysteroids, 
and a wool suint acid; infra-red study of tigaso oil deriva
tives, of thiofluorenc compounds and of carbon specimens. 
analysis by infra-red methods of stearin products and of 
brown-con! tar derivatives; studies on the interaction 
between triethylamine and ethanol. Spectra of various 
phototropic materials have been recorded. 

( iv) Mass Spectroscopy.-Analysis of synthetic gases 
consisting of hydrocarbon mixtures; measurement of 
01t1;01s ratios in substances formed in the degradation of 
pinncol; analysis of acetylene samples; analysis of the 
respiration products of apples; analysis of argon samples. 

(v) Defect So/ids.-Development of a method of moni
LOring ultra-violet light. 

(/) l11strume111 L(/boratory.- Major items completed 
this yenr include the mass spectrometer ion chamber, dia
phragm vacuum gauges, ultramicrotome, and parts for an 
automatic atomic absorption spectrophotometer. Exten
sive modifications and additions have been made to the 
electron diffraction camera. Progress continues on the 
construction of the image-seeking computer and in the 
development of plane diffraction gratings. 

7. 0ROANIC CHEMISTRY. 

(Division of Industrial Chemistry.) 

The re5earch programme is principally concerned with 
the following projects: the investigation of the chemistry 
of wool wax and suint with a view to their wider industrial 
utilization; the utilization of sugar-cane wax; tbe examina
tion of Australian plants for pharmaceutically valuable 
alknloids or substances toxic to livestock; the investigation 
of long-chain compounds with special reference to oils 
and fats and their derivatives; and research on synthetic 
resins and raw materials for the resins and plastics industry. 

(a) Wool Wax and S11i111.-Tbis work is described in 
Chapter XVI., Section 4. 

(b) Sugar-cane Wax.- Thc examination of solvents for 
separating Lhe useful hard wax fraction from crude cane 
wax has shown that of the single solvents, isopropanol and 
ncetone were most satisfactory from the combined tech
nical and economic aspects. T he first of these is not pro
duced_ i~ Aus~ralia, and the second bas the disadvantage 
thut 11 1s sat1sfactory only when used under pressure. 
These considerations suggested that the obvious disadvan
~agcs in the u_se of a solvent mixture might be outweighed 
1f both constituents were readily available. It bas been 
fou nd that certain mixtures of ethanol with either benzene 
or a petroleum fraction can be used at atmospheric pres
sure to isolate a hard wax fraction. Unlike the crude 
wax, the hard wax obtnined responds well to bleachino 
\Vith small amounts of charcoal and to oxidation of 
~l~ured impurities by air. Pale waxes can be prepared 
s1m1lnr to those made with tbe use of isopropanol. A 
pntent application covering this method of refining has 
been filed. 

( c) Pl am A lka/oid.f.- Ncgotiations with certain phar
mace~tical firm~ aimed at placing the systematic pharma
colog1cal screenmg of Austra lian and New Guinea plants 
?n a sound. c?Uaborative basis were reported last year. 
rhese negottattons have been satisfactorily coucluded, and 
a programme of work has been initiated with Smith, Kline 
& French Laboratories of Philadelphia, United States of 
America. Em phasis is nt present being placed on the 
testing of total a lkaloi<.lal extracts from certain families 
of plants, though extracts from alkaloid-free species of 
reputed medicinal value are also being examined. Pre
liminary results are encouraging, two of the first three 
cxt.racts submitted exhibiting activities which warrant sepa
ratton of the component alkaloids for more detailed 
testing. The co-operation of the Land Research and 
Regiona l Survey Section and t'be New Guinea Department 
of Forests has made possible the examination of a number 
of New Guinea species. 

The. revivin~ intcre~t in plants as sources of new drugs 
or of mformat1on which may help in the development of 
new drugs has been reflected in the number of requests 
from overseas organizations for assistance in the collection 
of phmt materials. It is the policy of the Division to 
encourage the widest possible examination of Australia's 
natural resource~ and to meet, as far as possible, requests 
for pl.ant materials from local or overseas organizations. 
To this end a field botani~t has been appointed to the staff 
of the Division. He will operate under the supervision of 
nn officer of the Division of Plant Industry. During the 
past few years samples of many Australian plants have 
been sent _to the U.S. National Cancer Institute for anti
tumor test.mg, and extracts of sevc~al o( these h ave brought 



108 

about some degree of regression in the test tumor. 
Arrangements have now been made with the Victorian 
Cancer Institute Board for such testing to be carried out 
by the Board in Melbourne, and it is expected to com
mence shortly. 

An examination of Alstonia constricta alkaloids has been 
continued. Acute toxicity tests carried out in the Depart
ment of Pharmacology, University of Melbourne, have 
shown the toxicity of a concentrate to be low; chronic 
toxicity tests and the examination of the tranquillizing 
effect are in progress. A number of Alstonia spp. from 
Australia, New Guinea, and New Caledonia have been 
examined, but only A. constricta contains reserpine 01· 

other bases giving non-volatile acids on hydrolysis. Work 
has also continued on the alkaloids of the apocynaceous 
species Kopsia longiflora of Lwzasia amara, and on the 
vesicant alkaloid cryptopleurine. The relation of the latter 
to "isocryptopleurine ", the structure of which had pre
viously been determined by X-ray crystallographic analysis, 
has now been established. Using a radio-active tracer 
technique it has been shown that " isocryptopleurine " 
methiodide is, in fact, racemic cryptopleurine melbiodide. 
A study of canadine and related alkaloids has thrown light 
on the mechanism of racemization of cryptopleurine 
methiodide under conditions expected to bring about a 
Hofmann degradation. 

(d) Stock Poisons.- The study of pyrrolizidine alka
loids again constitutes the major part of this programme. 
Substantial amounts of monocrotaline and a new alkaloid 
which is an 0-acetylmonocrotaline have been found in 
Queensland specimens of Crotalaria spectabilis, which is 
therefore a danger to stock and potentially capable of giv
ing rise to Kimberley horse disease. Two alkaloids iso
lated from Crotalaria trifoliastrum are of interest, since 
they constitute a new type of pyrrolizidine derivative and 
since C. trifo/iastmm bas been shown by prolonged feed
ing trials to be harmless to horses. In these alkaloids the 
pyrrolizidine nucleus is etherified rather than esterified. 
one of the alkaloids being 0-methylsupinidine. The struc
ture of a minor alkaloid of Crotalaria retusa is under 
examination; it has been shown to be an ester based on 
dihydroanhydro-monocrotalic acid. 

Progress has been made towards elucidation of the struc
tures of the alkaloids of Senecio jacobea (ragwort). Jaco
bine and jaconine are related, being interconvertible by 
addition and loss of hydrogen chloride, and both are 
hydrolysed to a mixture of two isomeric acids. One of these 
acids, jaconecic acid, has been degraded to a., ,B-dimethyl 
malic acid, and this, together with other data, enables a 
structure to be put forward for the acid. The formation 
of a chlorine-containing dilactone by acid hydrolysis of 
jacobine accords with the proposed structure. 

The structures of two alkaloids of Echium plantagineum 
(Paterson's curse) have been established. Both have a 
retronecine nucleus and angelic acid as one esterifying acid. 
The second acid of echiumine is tracbelanthic acid and 
of echimidine is a trihydroxy acid, echimidioic acid. 
Heliosupine, previously obtained from Russian Helio
tropium supinum, has been isolated from H. supinum 
growing in Victoria, and its structure confirmed as a dia.
stereoisomer of echimidine. 

Structural work on the seed alkaloids of the Western 
Australian blue lupin is nearing completion, and has shed 
light on the relationship between basic strength and 
stereochemistry in the sparteine group of alkaloids. The 
results suggest that some previously assigned structures 
are incorrect, and it is expected that the information 
obtained will be of value in determining the structure 
of new members of the group. 

Poison plants Under examination in which the toxicity 
is not due to alkaloidal constituents are Atalaya hemi
glauca, Indigo/era enneaphylla, and Phalaris tuberosa. 
Difficulties with supply of material and biological testing 
have retarded progress with the two latter problems. 
Efforts are being made to obtain supplies of active Phalaris 

from districts other than Coonalpyn Downs. Progtess 
has been made with the isolation of the toxic principle 
of Atalaya hemiglduca. T he toxicity has been ~hown to 
l:Je due to water-soluble materials of an amphotenc nature. 

(e) Root Exudates.-It has been believed for a very 
long time that plants growing side by side can influence 
the growth of one another. 1n recent years evidente has 
accumulated that one means by which such influence is 
exerted is through the excretion of substances from the 
root system into the soil. In fact, root exudates are known 
to be involved in other than plant/plant interactions. 
They play an important part in the life cycle of certain 
parasitic plants, of nematodes, and of microorganis!DS, 
and consequently tLre of profound economic significance. 
They have beeh shown to be implicated in nodule fonru
tion on the roots of nitrogen-fixing legumes, and there is 
reason to believe that, directly or indirectly, they m ay 
play a part in the uptake of nutrients from the soil. Very 
little conclusive chemical work has been done on r oot 
exudates, and in view of their significance to agricul ture 
a project bas now commenced with the aim of isolating 
and identifying biologically important constituents o~ 
them. 

(f) Fats and Related L01ig-chain Aliphatic Com
pounds.-The examination of the seed fat of Mal/otus 
philippi11ensis of Australian origin for its potential use as a 
drying oil is being continued, and a survey of other native 
Ma/lotus species is iii progress. 'Two other species so far 
examined, M. discolor and M . claoxyloides1 are both 
similar to M. philippinensis in containing as major con
stituent acid the triene hydroxyacid, kamloenic acid. 

During the year an experimental extraction and refining 
of safflower oil was made on 10 cwt. of seed grown by 
the Division on Plant Industry during 1954 in Australia. 
The seed was lightly crushed, extracted with light 
petroleum, and yielded 25 per cent. of its weight as oil, 
less than 1 per cent. remaining in the exhausted seed. 
The oil was easily refined and bleached by customary 
methods to a product that had a good colour (Gardner 
number 2-3) and a low acid value (0.02 per cent.). 
Trial samples have been submitted to paint and varnish 
manufacturers to obtain information about the amount 
o( this oil that could be used. 

Work continues on the preparation of Jong-chain com
pounds derived from oleic and other unsaturated fatty 
acids, the present demand for which is disappointing. 
Performic acid oxidation of the ketones obtained from 
these acids gives tetrahydroxyketones which may alter
natively be obtained in a reverse sequence of operation;:, 
by ketonization of the dihydroxystearic or other acid via 
the acid chloride. Oxidation of the tetrahydroxyacids 
yields ketodibasic acids. 

There has recently been considerable interest in a group 
of naturally occurring long-chain polyunsaturated amides 
with potent insecticidal properties, e.g., pellitorine and 
herculio. A project has been commenced which will 
examine the possibilities of synthesizing these or related 
compounds of insecticidal value, with the use of long
chain compounds coming from the fat and oil industril:'S 
as starting materials. 

ln conjunction with the Chemical Physics Section a 
preliminary investig:!'ltion was made of the extent of geo
metrical isomerization of unsaturated fatty acids during 
the cornmer'cial conversion of tallow to stearin and olein. 

(g) Tigaso Oil.- Work is proceeding on the constitu
tion of the optically active, nonphenollc component of the 
oil exuded from the New Guinea tree Campnospermtcm 
brevipetiolatum. 

(11) Tannin Forntnldehyde Adltesives.-Plywood ad
hesives made from tannin extracts were developed in the 
Organic Chemistry Section several years ago, and work 
was suspended when their possibilJties had beeo demon
strated. During the past year a tannin not included ia the 
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earlier tests, viz., mangrove cutch, has become a likely 
source for commercial supplies for adhesive use; work was 
therefore resumed on this material in collaboration with 
the Division of Forest Products. The suitability of the 
tannin was quickly shown, and detailed work was carried 
out to overcome weaknesses. It was found that additions 
of polyvinyl acetate emulsion improved the joint strength 
judged both by wood failure and by shea.r tests. af.ter 
soaking the plywood in hot water.. Work 1s ~onunu~ng 
with every expectation of formulating an adbestve whtch 
will be commercially acceptable for high-quality plywood. 
There is commercial interest in this project 

(i) Constituents of Brown-coal Tar Acids.-Very little 
is known about the detailed composition of the tars to be 
obtained from Morwell or Yalloum brown coal, either by 
gasification or carbonization. Some of the facil ities of 
the Division arc being used to assist the Gas and Fuel 
Corporation of Victoria in this complex analysis. A st.art 
has been made by condensing the effluent Crom the pilot 
carbonization plant at the Engineering School of Mel
bourne University. The product thus obtained has been 
extracted, and the tar acids have been fractionated. Work 
is proceeding on suitable methods for determination of 
the constituent phenols. When tars are available from 
the Lurgi pressure gasification plant the analysis will be 
carried out in close collaboration with the Gas and F uel 
Corporation. 

Various techniques will be used in treating the Lurgi 
tar oils, including distillation, adsorption, and extraction. 
A large-scale adsorption chromatography unit is to be 
built for the separation of hydrocarbons. Fractionation 
of phenols by liquid-liquid extraction is being investigated 
as a possible alternative method to distillation. 

(j) Microanalytical Laboratory.-Some 5,000 analyses 
were carried out by the Micronnalytical Laboratory in the 
past year, at the request of Divisions and other Comm?n
wealth laboratories, universities, and industrial laboratones. 
A gratifying feature has been the increasing extent . to 
which the service is being used by universities outside 
Australia, principally in Asian countries. Some analyses 
have even been requested from England and America, 
where there is no Jack of well-established microanalytical 
services. 

(k) Miscella11eous.-An all-glass photoelectrically 
operated dispenser for use separately or in conjunction 
with a fraction collector has been designed which is 
capable of delivering constant volumes irrespective of 
changes in density or rate of inflow of liquid from 
chromatographic columns. Its possible application in 
industry for accurate repetitive filling is under examina
tion. 

8. CHEMICAL ENGINEERING. 

{Division of Jodustrial Chemistry.) 
The current research projects are mainly concerned 

with the utilizntion of brown coal, development and 
applicntion of the technique of the fluidization of solids, 
and the utilization of solar energy. The facilities of the 
Process Equipment Laboratory continue to be fully 
employed on a wide range of short-term investigations 
of unit operations and chemical processes. undertaken 
in co-operation with industrial companies and other 
Sections of C.S.J.R.O. 

(a) Utilization of Brow11 Coal.-Particular attention 
con tinues to be given to the investigation of the kinetics 
of the chemical reactions which occur when brown coal 
is gasified in a pressure generator. This work is described 
in Chapter XX., Section 6. 

( b) F/uidit,tlfion of Solids.- Research on fluidized solids 
~ystems includes basic studies of the characteristics of 
lluidized beds, the accumulation of data for the design 

of large fluidized bed reactors, and a pilot-plant investiga
tion of the fluidized bed roasting of copper concentrates. 

(i) Characteristics of Fluidized Beds.-Tbe present 
emphasis in the basic research programme on the pro
perties of fluidized solids systems is on the study of 
gas bubbles in fluidized beds. Jn this work the object 
is to determine how bubbles form and grow, and what 
effect they have on the degree of solids mixing, and the 
efficiency of gas-solids contacting. 

Jn connexion with the development of the multi-cone 
a ir dis tributor for the pilot-plant roaster (referred to under 
oext heading), a considerable number of flujdizatioa tests 
in large-scale models have been performed. These tests 
permitred the determination of the optimum size and 
shnpe of cones to ensure satisfactory fluiuization of 
particles of varying size range, and provided information 
on the factors inlluencing the uniformity of air distribution 
in units of large cross-sectional area. This information 
has been incorporated in a design for a commercial-size 
fl uidized bed roaster employing the multi-cone principle. 

(ii) Fluid Bed Roasting of Copper Concentrates.- Tbis 
pilot-plant investigation comprises the first part of a 
co-operative project with Mt. Morgan Ltd. and the Mt. 
Lyell Mining aod Railway Co. Ltd., the object of which 
is lo evaluate a hydrometallurgical process for the recovery 
of copper and precious metals from sulphide concentrates. 
The process consists of the controlled roasting of the 
concentrates to convert the copper into a form soluble 
in dilute sulphuric acid, the leaching of the calcines, and 
the electrodepositioa of the copper from the leach solu
tions. The precious metals which remain in the residues 
arc recovered by cyanidation. 

D uring the year a large number of runs of the 3-ft. 6-in. 
diameter pilot-plant roaster were performed to investigate 
t11e influence of the roasting temperature, the proportion 
of excess air, the grade of concentrate, the feed rate, 
a nd various aspects of roaster design on the calcine 
composition and properties. It has been demonstrated 
that calcines with very favourable leaching properties, 
i.e. high copper extraction, low iron extraction, and high 
acid consumption, can be produced by suitable choice of 
the operating conditions. Runs aimed at the productioo 
of calcines for reverberatory furnace smelting have also 
been most successful. 

Operating difficulties caused by the agglomeration of 
calcine particles in the fluidized bed have been completely 
overcome by the development of a new design of roaster 
bottom, i.e. the multi-cone air distributor. Tn this design 
the number of tuyeres through which the lluidizing air 
is introduced is much reduced, and each is placed at 
I he bottom of an inverted narrow-angle hollow cone 
moul<led in the refractory concrete hearth of the roaster. 
The upper ends of the cones arc developed to fit together 
into a hexagonal pattern with n minimum of flat surface 
between them. Thus the air velocity io the lower portion 
of the bed increases greatly towards the ak entry point, 
and this prevents the defluidization of large agglomerated 
particles which would otherwise segregate and sinter 
l ogctber into troublesome accretions. Experimental runs 
have shown that a roaster constructed in this way is, 
in addition. very much more flexible with regard to 
throughput, and enables better control to be obtained 
over calcine composition. A patent covering this develop
ment has been sought. 

The major objects of the current experimental pro
i;ramme have now been achieved. A small experimental 
roaster (12-in. diameter) has been constructed to enable 
a more detailed study to be made of some aspects of 
the chemistry of the roasting process, and to provide for 
roasting tests on special types of concentrates which are 
available only in small quantities. 

The two other major copper: producers in Australia, 
Mt. Isa Mines Ltd. and Peko Mines N.L. Ltd., have 
now become associated with this project. 
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( c) ProceJs Equipmem Laboratory.-This laboratory 
provides facilities for technological experiments and the 
rapid .development of new chemicul processes to the pilot
plnnt ~tuge. The technical staff of the laboratory advise 
Oil the Liesign of the experiments and supervise the use 
of the equipment by the stafI of the organizations which 
initiate the work. Seventeen projects have been con
ducted this year for private industry and eight for other 
Sections and Divisions. 

The utilization of solar energy is also being studied on a 
part-lime basis. After successful modification of the 
Gomella and Telkes stills, a large in.stallation for watering 
sheep in remote locations has been designed. By storing 
water distilled during the winter months, and also any rain 
falling on the stills, enough fresh water will be available 
for blending wilh saline water LO provide for the total 
needs of !OU-150 sheep throughout the year. The plant 
wi ll cost approximately £500. 

XlX. MlNERAGRAPHY AND ORE-DRESSING. 

l. GENERAL. 

The importance of investigations for the development 
of the mining industry and the utilization of Australia's 
mineral resources is fully recognized by the Organization. 

Mineragraphic work to provide information on the 
mineral composition of ores has been in progress in 
Melbourne since 1927. The techniques used are highly 
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 Mioeragraphic 
lnvestigations Section is described in Section 2 of this 
Chapter. 

The Ore-dressing Laboratories operated in Melbourne 
in collaboration with the University Department of Mining, 
and in Kalgoorlie in co-operation with the School of 
Mines, investigate the composition of ores and provide 
advice on suitable methods for their full-scale treatment. 
This work is reported in Sections 3 and 4 of this 
Chapter. 

Worl< on the utilization of minerals is carried out by 
the Division of Industrial Chemistry (see Chapter XVlll., 
Section 2). 

2. NliNERAGRAPHlC lNVESTIGATIONS. 

(Mineragraphic investigations Unit.) 

(a) Administrative.-Dr. Stillwell worked in the 
Laboratories throughout the year on a study of the 
mineralogy of the Broken Hill lode, undertaken by 
Mineragraphic Investigations in conjunction with the 
Broken Hill Geological Research Committee. Mr. K. J. 
Callow, another officer of the Research Committee, 
worked on .Broken Hill petrological problems in the 
Laboratories from September, 1955, to the end of the 
year. Dr. S. Salamy, of the Broken Hill Proprietary Co. 
Ltd., was provided with facilities to study the mineralogy 
of South Australian taconites, for a period of two months, 
and Dr. K. Banerji, of Calcutta University, came to the 
Section in June, 1956, for a short period of instruction 
in mincragraphy. 

The investigations have been facilitated by contributions 
from a number of mining companies through the 
Australasian Institute of Mining and Metallurgy. T he 
University of Melbourne has co-operated in providing 
laboratory accommodation. 

(b) ln.vestigatio11al.-Thirty-two investigations have 
been made of the mineral associations of ores, rocks, drill 
cores, and mill products submitted by mining companies 
and other orgao.izations. 

Studies of the uranium minerals and associated rare 
earth minerals at the Mary Kathleen leases and adjacent 
prospects, in the Cloncurry district, Queensland, have 
continued. 

The investigation of sand drift along the beaches near 
Portland, Victoria, for the Portland Harbour Trust was 
completed by following the movements of indicator 
minerals placed at various significant points along the 
coast. The indicator minerals could be detected in con
centrations as low as one part in teo million. Movement 
of sand eastwards from Cape Bridgewater was extremely 
r:ipid during the period of the tests, amounting to about 
one mile per day. This sand crossed the mouth of 
Portland Bay, and did not penetrate to the Harbour area. 

Copper-nickel ore from near Zeehan, Tasmania, was 
found to contain significant quantities of two unusual 
nickel minerals, rnillerite and violarite, in association with 
chalcopyrite. Ore from the Pioneer Mine, Hatches Creek. 
Northern Territo1y, consisted of an association of bismuth 
telluride, bismuthinite, and native bismuth, together with 
other sulphides, and interleaved wolfram and scbeelite. 
Ore specimens, mill products, and specimens of matte and 
bullion from the Northern Hercules Mine, Northern 
Territory, were examined. 

A comprehensive survey was made of the mineraliza-
1ion in rhe Aberfoyle tin mine, Tasmania, with special 
reference to variation of mineralization with increasing 
tleplh of the veins. 

The rare mineral pyrosmalite. and its vanauons, were 
identified in the Broken Hill lode. nnd described. A 
s111<.1y of the manganese and iron contents of sphalerite 
from the Broken Hill lode revealed local variations, and 
on overall pattern of variation bearing a general 
resemblance to the distribution of cadmium in the lode. 
A petrographical study of Broken Hill amphibolitcs 
showed tha t those in the Broken Hill Basin are of igneous 
origin, wh.ile those at Peak Hill and Silver Rock represent 
metamorphosed impure limestones and dolomites. The 
igneous amphibolites show retrograde metamorphism 
from pyroxene granulite. 

An extensive oolitic iron formation in Arnhem Land 
was studied in conjunction with the Melbourne Ore
drcssing Laboratory to determine whether it could be 
concentrated to better than 60 per cent. iron grade; and 
a visit was paid to Yaropi Sound to study the taconite 
formations there. 

3. ORE-DRESSING lNVESTIGATfONS. 

(Melbourne Laboratory.) 

(a) Administrative.-The Officer-in-Charge, Associate 
Professor H. H. D unkin, commenced on an overseas tour 
in February. After visiting miiles, plants, laboratories. 
and universities in South Africa, United Kingdom, United 
States of America, and Canada, he is expected to return 
late in July. 

New equipment acquired during 1he year includes 
repbcement of the intermediate crusher by a sturdier 
model, and purchase ?f a high-intensity magnetic separator 
anti a volumctcr, an rnstrument for measuring the volume 
of ?ranular solids by compression of interstitial air. 

1 he wo~k of_ the Section will be greatly facilitated br 
a substantial gift recently from Consolidated Zinc Pty. 
Ltd. 

(b) !m•estigational.-The character of the ores investi
gated . m . the Se~tion continues to be widely varied. 
lnvest1gat1ons dw:mg the year included work on ores of 
copper, cobalt, mckel, lead, tungsten, tin. ::ind gold, and 
on beach sands and phosphate rock. 

_An alternative ~etbod of separating sulphides from 
~mg I slan_d sch~ehte concentrates by electrostatic separa
tion -:vris 10ves11gated; a plant utilizing the process was 
later installed and is operating successfully. 

Another ~xtensive investigation almost completed is 
concerned with the preparation of separate concentrates 
of wolfram, scheelite and bismuth (rom . d . . • a mL'Ce concen-
trate from a n11ne m the Northern Te 't M . 
concentration and flotation are the rrth1 oryd. algneudc 

d h · · me o s emp oye , 
i~n I e mcreased revenue from the new processes seems 
likely to repay the cost of the plant 'th· thr w1 10 ee years. 
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lnvestigations a1m10g to extend the beach saod mmmg 
industry and to improve concentrating methods continue. 
A detai led investigation of monazite recovery was com
pleted, chrome-free ilmenite deposits in Western Australia 
examined, and a report on laboratory separators issued. 

The ftotation behaviour of a new type of base metal 
ore containing readily flotable gangue was being investi
gated throughout the year. This work is continuing on 
an accelerated basis with financial assistance from a 
leading Australian mining company. 

The treatment of cobaltiferous manganese ores by pres
sure leaching is being currently studied in a graduate 
research project co-operatively directed by the Mining 
Department of the University and this Section. 

An investigation into the principles governing concentra
tion on the D enver Buckman table was started during the 
year. Most of the work was done by a Colombo plan 
visitor from the Malayan Department of Mines, who spent 
a few months in the laboratory. It is hoped to continue 
the work during the current year. 

To provide a comparison with work on the flotation 
of a tin ore conducted at the Division of Industrial 
Chcmistr}', a detailed examination of the behaviour of the 
same ore in gravity concentration was conducted in this 
Section. 

4. ORE-DRESSING I NVESTIGATIONS. 

(Kalgoorlie Laboratory.) 

Eighteen Reports of lnvestigations and 76 Certificates 
were issued from the Kalgoorlie Laboratory. Eight of 
the Reports of Investigations referred to gold ores, three 
to the ores of other metals, and seven to non-metallics. 
T he Certificates recorded mainly assays and analyses, and 
included many gold assays for the Government Geologist. 
The Geological Survey has an extensive drilling pro
gramme in progress at the present time, and all assays and 
test work are being done in the Kalgoorlie Laboratory. 

High-grade lime sands are available near Perth, and 
to enable a better grade of lime to be produced some 
work was done on these. A 4-in. diameter fluid bed 
reactor was constructed, and the lime sands were calcined 
at temperatures of 850-950° C. Some trouble was ex
perienced with sinter formed from siliceous matter present 
in tbe lime sands. Carbon dioxide elimination was above 
94 per cent., and provided the temperature was kept below 
900° C., sinter formation was not serious. 

At Christmas Island the top layer of phosphate rock 
contains too much iron and aluminium for use as a raw 
material in the making of superphosphate, and very large 
qwmtities are being removed and stockpiled. A successful 
method of reducing the iron and aluminium to acceptable 
limits was developed, and recommendations were made 
for pilot-plant work. 

Comprehensive test work was carried out on drill 
cores from the pyrite and magnetite ore bodies at Kool
ynnobbing, about 40 miles from Southern Cross. The 
pyrite and the m agnetite were extremely fine-grained, and 
it was necessary to grind the ore fine before reasonable
gradc concentrates could be produced. Magnetite con
centrates assaying 51-61 per cent. iron and pyrite con
centrates assaying 47 per cent. sulphur were produced 
after grinding to minus 100 mesh. 

Work on accumulated flotation tailings from the Blue 
Spec Mine, Nullagine, showed that the cyanidation pulp 
would be extremely difficult to filter and to thicken. 
Scheelite concentrates assaying 70 per cent. tungstic oxide 
and containing approximately 60 per cent. of the tungsten 
in the ore were obtained by gravity concentration followed 
by a complex magnetic roasting and separation technique. 

An ilmenite concentrate assaying 55.4 per cent. titanium 
dioxide and less than 0.08 per cent. chromic oxide was pro
duced from a beach sand from Wonnemp by table con
centration followed by magnetic separation. A mixed 
garnet-rutile-zircon product was also obtained, which 

would possibly yield clean rutile and clean zircon con
centrates by electrostatic separation. 

Test work on ore samples from the Northern Hercules 
Mine, Pine Creek, showed that the plant designed and 
under construction would be suitable for treating ore 
similar to the sample supplied. The plant design was from 
work done in the Kalgoorlie Laboratory in 1937, and the 
pres·~nt work was a check test. 

Modifications to an existing plant treating lead-zinc ore 
from the Napier Range, Western Australia, were recom
mended as a result of test work on the ore and on some 
Wilfley Table concentrates. Tabling appeared the most 
satisfactory method of concentration, but the plant re
quired the addition of a mill for fine grinding and a 
classifier. The Laboratory staff co-operated with the mill 
superintendent of a Kalgoorlie mine to test a laboratory
scalc, Edwa.rds-type roaster differing in some fea tures from 
the type now in use. The roaster was designed by the 
mill superintendent, and built on the mine. Laboratory 
tests and subsequent pilot-plant scale tests were satisfac
tory, and a full-scale roaster of the same design is now 
under construction. 

At the time of writing pilot-scale test work on a graphite 
ore from Muoglinup is in progress. The process is based 
on batch work previously done in the Laboratory, and 
confirms the results so obtained. The work is not yet 
complete, but present indications are that a concentrate 
of good marketable grade is being produced. Large 
quantities of ore are said to be available, and if a satis
factory market can be found for the product a new indus
try will have been established in Western Australia. 

XX. F UEL. 

1. GENERAL. 

The Organization·s fuel research programme is at pre
sent mainly confined to coal, which is the most im
portant primary fuel available in Australia. There is 
insufflcient knowledge concerning the properties and 
characteristics of Australian coals, and an urgent need for 
this knowledge exists so that the best and fullest use may 
be made of the available resources. 

The Organization's nrnin centre for investigations 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 long-term fundamental 
and comprehensive study of the physical and chemical 
characteristics of Australian coals. Tbe work of the 
Section is reported in Sections 2-4 of this Chapter. 

The Division of Industrial Chemistry undertakes work 
on the engineering aspects of gasification of low-rank 
coals (see Section 6 of this Chapter). 

Co-operative investigations on the fossil pollens in 
brown coal are undertaken in the Botany School of the 
University of Melbourne (see Section 5 of this Chapter). 

Coal Research Sectio11.-The programme of work of 
the Coal Research Section includes a detailed survey of 
the chemical and physical properties of all Australian coal 
resources; delineation of their peculiarities to enable the 
best mode of utilization to be chosen according to the 
latest advances in fuel technology; coal washing and 
similar investigations to improve the coking properties of 
coals and to reduce their sulphur and ash contents; the 
nsscssment of the gas-making properties of coals; funda
mental studies in the petrological and chemical constitu
tion of coal and coke; composition and utilization of coal 
tars; standardization of sampling, sizing, testing, and 
analytical techniques as applied to solid fuels. 

During the year some progress was also made towards 
recruiting research and technical staff although the posi
tion is sti ll far from satisfactory, especially as regards 
staff with training or experience in fuel technology. 
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Owing to restrictions imposed by limited funds and the 
shortage of staff witb experience in fuel technology, the 
work on tbe combustion characteristics and mechanical 
properties of Australian coals has had to be temporarily 
discontinued. 

A two-day symposium on "The Production, Properties · 
and Utilization of Foundry Coke " was held in tbe Section 
towards the end of the year. 

The Officer-in-Charge attended the Fifth World Power 
Conference in Vienna during June. In his capacity as 
Australian member of the Commonwealth Committee on 
Fuel Research, the Officer-in-Charge continues to act as 
co-ordinator of reviews of fuel research carried out by 
official fuel research centres throughout the British Com
monwealth and dealing with (a) physical testing of coa1 
and petrographic investigations, and (b) brown and sub
bituminous coals. 

During the previous year Dr. D. T. A. Townend, 
C.B.E., Director-General of the British Coal Utilization 
Research Association, visited Australia to advise the 
Organization on its coal research programme. During 
the year under review his report was published in which 
be emphasized the need for the rapid organization by the 
Australian coal industry of proper scientific and technical 
control of production in which the Coal Research Section 
could materially assist. 

2. ExAMlNATION OF CoAL SEAMS. 

(Coal Research Sectiou.) 

The detailed survey of the chemical and physical 
characteristics of selected coal scams and their sub
sections continued as in previous years. Coals were 
examined from the following seams in the Northern Coal
field of New South Wales: Young Wallsend seam (Stock
ton Borehole Colliery), Main Greta seam (Aberdare 
Colliery), and Victoria Tunnel seam (Burwood Colliery). 
In the Southern Coalfield of New South Wales coal from 
the Wanganclerry mine in the Upper Burragorang Valley 
(uncorrelated seam) was examined. 

In Queensland samples were obtained from the Bowen 
and Blake seams (Bowen Consolidated Coal Mine) and 
examination of these is proceeding. Samples from the 
Dawson and Dunstan seam (Dawson Valley Colliery), and 
also from a series of exploratory bores sunk in this area 
by Mount Morgan Ltd., were examined. 

A valuable source of germanium overseas is the flue 
dust from certain steam generators and gas producers. 
In order to evaluate the possibilities in Australia the 
germanium content of a large number of samples of New 
South Wales bituminous_ coals, Victorian brown coals, 
and Western Australian sub-bituminous coals bas been 
determined, as part of the survey programme. 

3. COAL CONSTITUTION. 

(Coal Research Section.) 
(a) Petrogrnpliy.-Petrograpbic studies form an im

portant part of the investigations into the chemical, physi
cal, and mechanical properties of coal, and of its behaviour 
under various conditions such as storage, grinding, and 
carbonizing. 

Studies of the petrographic structure of commercially 
important New South Wales coal seams have been con
tinued, although recent decisions of the International Com
mission for Coal Petrography have necessitated modifica
tions of the terminology previously used. Adoption of 
the revised nomenclature, however, has the advantage of 
enabling rapid and direct comparisons with results 
published overseas. 

Polished blocks representing the full thickness of the 
Lithgow Seam and Kandos Colliery have been examined, 
and a survey of the petrography of the seam of the 

lllawarra Coalfield bas also been undertaken. In the 
latter project the volumetric proportions of the micro
lithotypes in seam profiles were estimated by a point 
counting technique. Petrographic data have been obtained 
for seventeen seam profiles of the Bulli seam, eleven of the 
Wongawilli, and three and one respectively of the Ton
garra and Woonona seams. 

(b) Palynology.-Tbe basic taxonomic work on Aus
tralian Permian spores has now been completed, although 
tbe final descriptive paper on trilete spores of the pteri
dophyte type is still awaiting publication. Considerable 
progress bas also been made on the collating of informa
tion on the distribution of the more common Permian 
forms in Australian sediments. In New South Wales four 
boreholes from the Tomago Stage have been examined, 
while samples from Collie, Eradu, and the Kimberley area 
have added to the record of the cataloguing of the Per
mian spores in Western Australia. In addition a suite of 
samples from an oil drilling at Kurrajong, New South 
Wales, has provided palynological data on the Triassic and 
Permian sediments of the Blue Mountains districts. 

Palynological techniques are being applied to correlation 
problems in the Young Wallsend-Borehole Group of seams 
from the Northern Coalfield of New South Wales. 

(c) Physical and Chemical Properties.-(i) In an in
vestigation of the variation of internal surface with car
bonizing temperature it has been found that the specific 
surface of cokes and chars, calculated from nitrogen 
adsorption isotherms obtained at 78° K., reaches a maxi
mum in samples prepared at about 700° C. With many 
cokes it was impossible to obtain an accurate nitrogen 
isotherm owing to very slow attainment of equilibrium. 
The sorplion of water vapour by such samples was found 
to be rapid and sorption isotherms of water vapour were 
measured by a gravimetric method using fused quartz or 
tungsten springs. 

A separate l'lpparatus bas been erected for measuring 
the specific volume of coals and cokes by displacement of 
helium. Porosities of such materials have been calculated 
from their displacements of mercury and organic liquids. 

(ii) The changes in the X-ray diffraction palterns of 
cokes and chars that occur with rising carbonization tem
perature have been studied. For high-rank coking coals 
there appeared to be a steady increase in the dimensions 
of_ graphitic " crystallites " above 700° C., but it was 
difficult to interpret the more irregular changes in the 
diffraction patterns of lower-rank coals in terms of 
graphitic structures. Preliminary examinations have been 
made of tbe effects on the diffraction patterns of the 
blending of coals and of varying the rate of increase of 
temperature. 

Fourier integral analysis of the diffraction data of a 
metallurgical coke gave a radial distribution curve similm· 
to that of graphite, but with several peaks unresolved. 

(iii) An investigation of the chemical mechanism of 
the formation of coke from coal has been started with the 
study of 1he pyrolysis of a number of pure organic com
pounds that form cokes, a recording thermobalance being 
used. 

(iv) The work on acidic oxygen-containing oroups in 
coals was completed. This work has shown that in a 
range of co~ls of carbon content between 67 and 92 per 
cc_nt,- (d.m.f.) the acidity falJs from about 4.5 to 0.2 
m1ll!equ1v<1.lents per g. with increasing carbon content. 
Tho reactions of ~xygen-containing groups in brown 
c?als have been studied, and it has been shown that over 
nmely per ~cut. of the oxygen in several coals appears to 
be present m the form of reactive functional groups. 

(v). WelJ-defined infra-red spectra of brown coals, thei: 
reactmn products, and their chars were obtained bv usina
the potassium halide disk techniq1,1e. 
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4. CoAL U tlLJZATJON. 

(Goal Research Section.) 

(a) Combustion investigations.-As mentioned pre
viously, owing to lac~ bf funds and shortage. of statr,. the 
work of this group h~s haq to. be temporanly cur~ailed. 
H owever, some of the rnvestigahons undertaken prev10usly 
were completed and reported. 

(i) The results of combustion studies with Victorian 
brown coals were presented at the 1955 A,N.Z.A.A.S. 
meeting in Melbourne. Under conditio.ns of '!verfeed 
combustion simulating spreader-stoker firing, satisfactory 
combustion of brown coals containing up to 62 per cent. 
moisture was achieved. The primary air required for 
efficient combustion was about 75 to 80 per cent. of the 
theoretical air necessary for the complete combustion of 
these coals. Heat release rates of up to 750,000 B.t.u./sq. 
ft./hr. were obtained. 

(ii) Tbc combustion behavioul: of Leigh Creek coal 
\Va:; stmlicd under conditions simulating overfeed com
bustion. It was found that while under travelling grate 
conditions the maximum practicable rate of heat release 
was of the order of 3 therms/sq.ft./hr. , with the overfeed 
method of combustion this rate of heat release could be 
doubled. 

(iii) To obtain a better understanding o~ the. c~m
bustion behaviour of coal in fuel beds, an investigation 
was carried out into the relationship between air flow and 
pressure drop through fuel beds. This work has helped 
considerably to elucidate the relationship between coal 
fines, surface moisture, fuel bed structure, and pressure 
drop. 

(iv) The results of an investigation on the influence 
of some of the physical factors controlling the com
bustion behaviour of three typical New South Wales coals, 
Lithgow, Greta, and Bulli1 have now been evaluated. The 
followihg variables have been studied: (1) coal type, (i) 
rate of air flow, (3) size grading and the influence of 
fines, (4) surface moisture, (5) depth of fuel bed, and (6) 
slagging a1.H.1 clinkering characteristics. 

(v) All index of combustibilily has been developed to 
ihdlt:hlc the case of burnitlg coal 111 which the following 
tlirec p•lran\elet·s are Used: (a) the net heat released at 
a given rate of air flow; (b) the amount of air supplied 
during combustion; and (c) the loss due to lmconsumed 
combustible matter. 

(b) Carbo11izatio11 lnve-stigatio11s.-( i) Tests in Car
bo11i:.i11g Pla11t.-In further studies of the gas and coke 
making properties of Australian coals and their blen~s. 
about 80 pilot-scale carbonizing tests have been earned 
out over the past year using the B.M.-A.G.A. coking 
unit. In this plant test charges of 100 and 200 lb. have 
been carbonized at tetnperan1res between 500 aud 1,000° 
C. under closely controlled conditions, and the qu11ntity 
and 4ut1lity of the products examined in detail. 

An important part of this work has been the blending 
of coking coals with poorly coking coals and inert 
material, such as low temperature char, in order to 
improve the quality of metallurgical coke and to extend 
supplies of the good-quality coking coals by using coals 
normally regarded as unsuitable. Coo.ls from the Bulli 
and Wongawilli scams on the south coast of New South 
Wales have been studied in this way. 

Othet wo1·k has included the routine evaluation of the 
carbonizing properties of prepared sM1plcs from two 
seams, namely, the G reta and Victoria Tuhnel, as part 
of the coal survey programme. Weathering tests to study 
the cll'ect of prolonged storage of grndcd coal samples, 
takeh from the Bol'ebole, Muswellbrook. and Greta seams, 
on their carbonizihg behaviour tire still in progress. 

Much of this work, particularly the blending experi
ments. has been supported by plasticity measurements 
and petrographic exllmination, as the caking properties 
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and distribution of the coal macerals are of profound 
importance in coke-makihg. 

(ii) Fundamental Coking Phe11ome11a.-Jnvestigations 
of a more fundamental nature into coking phenomena are 
proceeding. The relation betw~~n soft~ning proc.ess. of 
coal anti its subsequent decompos1t1on durmg carbonization 
is considered to be of great significance in assessing the 
relative coking properties of coals, and in dc~er.mining the 
physical structure of the coke product. ~rehmmary work 
completed so far indicates that the relation b:tween the 
plasticity of a number of coals. as me.usured by the 
Giescler plastomcter, and the rate of weight loss, a;i a 
measure of the decomposition rate during uniform heahng, 
is significant in coking behaviour. 

A new type of automatic recording balance, described 
as a differential thermogr:ivimetric balance, has been 
designed to measure this rate of thermal decomposition 
di1'ectly. This apparatus has also foltnd \.1scfUl applicatibn 
in other fields of work, including kinetic studies of coal 
pyrolysis and the combustion of coal. The balance can 
~cord total weight changes of up to 0.5 g. at a maximum 
rate of 30 mg. per min.; the cumulative weight change 
may be read to an accuraC}' of less than 1 mg., and 
tbe differential weight change may be determined to 
within 0.2 mg. per min. A linear healihg-rale temperature 
controller, which is fully propbrtionating, has also been 
devised for these studies. 

As an integral part of this investigation into fundamental 
coking phenomena, petrographic examinations of car
bonization products were made in order to gain a deeper 
insight into the mechanism of coke formation during 
carbonization. Retorts were withdrawn from the B.M.~ 
A.G.A. furnace before the coal charge was completely 
carbonil.cd am.I were rapidly quenched and cooled. Micro
scopic examination of the polished sections of samples 
so obtained illustrated very clearly the commencement 
of the formation of gas vesicles and the deformation and 
coalescence of the particles of the various coal micro
li thotypes as they were converted into coke. The plastic 
zone over which the transformation takes place appears 
to be only o. fow millimeteres thick. 

(c) Coal Tar lrzvestigations.-To evaluate further the 
utilization o[ chemicals from coal ::md as an essential 
part of the above carbonization programme, investiga
tions arc continuing on the properties and constitution 
o f coal to.rs. 

Analyses have been carried out on tars, aqueous liquors, 
and scrubber naphthas from 35 carbonization experiments 
in the B.M.-A.G.A. pilot plant, An apparatus is being 
assembled for the analysis of scrubber naphthas and coal tar 
fractions by chromatography in the vapour phase. 

Rcpresent::itive Australian coke oven and continuous 
vertical 1.•ctort tars have been separted into pitch and acidic, 
basit, and neutral oils. The oils are being fractionated in 
high-efficiency distillation columns and the fractions 
analysed by spectrosctjpic methods. T he rheological pro
perties of the pitches are being studied. The temperature 
susceptibilities of hOrmal and modified pitches are also 
being measured by rheological methods. 

The polymerization of styrene and the copolymerization 
o f styrene, indene, and coumarooe in coal-tar naphthas at 
high pressures and temperatures has been investigated, and 
it hns been demonstrated that by this procedure resins of 
light colour and high melting point may be prepared. 

A method for the routine determination of the different 
classes o( insoluble material in tars :.ind pitches has been 
devised, nnd n continuous solvent extraction apparatus has 
been assembled for the preparation of larger quantities of 
these substances. The insoluble constituents are believed 
to play an important part in determining the characteristics 
of the parent tar and it is possible, particularly in the case 
of low temperature tars, that the structure of the insolubles 
is related to some extent to that of the original coal. 
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Therefore, attempts are being made, using both physic~! 
and chemical methods, to elucidate the structure of this 
insoluble material. 

(d) Coal Preparation Investigations.-During the y7ar 
the programme in coal preparation bas been closely allied 
to the carbonization work, emphasis being placed on the 
preparation of coal for metallurgical coke production. 

In this connexion the study of the wasbability charac
teristics of Australian coking coals bas been continued, 
full-scale tests being carried out on the Young Wallsend 
seam (Stockton Borehole Colliery) and the Victorian 
Tunnel seam (Burwood Colliery), coals which are of 
particular importance and interest to the steel making 
industry. Samples of coal from the Borehole seam (West 
Wallsend Extended Colliery) and the Victoria Tunnel 
seam (Waratah Colliery) have also been tested. In 
carrying out the tests, the distribution of ash,. sul.phu:r, and 
phosphorus has been studied and also .the. dist~1but1~>n of 
the main petrographic constituents, which 1s of par.tic~lar 
importance for the preparation of coal for carboruzat1on 
purposes. The washability test on the Vict?rian .Tu~el 
seam (Burwood Colliery) was augmented by mvest1gat10ns 
designed to indicate the degree of liberation of the pe~ro
graphic constituents which could be. effected by crus~g. 

On the basis of information obtamed from washability 
studies, samples of various coals have been suitably pre
pared for carbonization tests. Samples of coal from the 
Bulli seam, Wongawilli seam, Young Wallsend seam, a.nd 
Victoria Tunnel seam have been washed to give clean 
coals of the desired ash content by separating high ash 
material at the necessary specific gravity. T his is in 
contrast to the more usual procedure of cleaning carboniza
tion samples at the arbitrarily chosen specific gravity 
of 1.60. 

Great difficulty is experienced in practice in cleaning 
coals below t-in., particularly with coals having the ash 
distribution characteristics found in Australian coals. Par
ticular attention is being given to this problem and a 
hydrocyclone concentrator has recently been constructed 
specifically for this work. A magnetite suspension is being 
used as the separating medium, and tests indicate that exact 
separations of - t in. + 30 D.S. mesh raw coal can be 
achieved at nny desired specific gravity. The capacity of 
the plant is about 1,000 lb. per hr. The plant augments 
considerably the facilities for preparing samples of coal 
of any desired ash content for carbonization and. o~her 
purposes. The operation of the cyclone and the principle 
on which it works are being further investigated. 

For investigations along similar lines a small-scale con
tinuous froth notation unit bas also been completed. This 
is now being used principally for fu ndamental investiga
tions into the rate of notation of coal and for studying flota
tion variables such as reagent concentration, feed rate, 
pulp density, and effect of slimes. 

Also in connexion with flotation, experiments have been 
conducted to determine the extent of adsorption and rate 
of adsorption of ftotat ion reagents on coal. Preliminary 
experiments show that cresols are quickly removed fro~ 
solution by coal, and in consequence a prolonged co~d1-
tioning time could adversely affect recovery on a flotation 
plant. Difficulty has been experienced in accurately deter
mining reagent concentrations, and on tbi~ accou~t the 
work has temporarily been suspended pendmg the mstal
lation of additional apparatus. 

5. MICROSTRUCTURE OF BROWN COAL. 

(Pollen Research Unit.) 

The work of the Pollen Research Unit, at the Botany 
School, University of Melbourne, has been largely con
cerned with the pollen and phyto-plankton contents of 
Jurassic, Cretaceous, and Tertiary formations in Victoria, 
South Australia Western Australia, Queensland, and New 
Guinea. Jn th~ course of this work remaoie microspores 
of Palaeozoic age have been found in Cretaceous and 
Lower Tertiary formations . 

The trend towards economic application of polle~ studies 
has been greatly intensified. Knowledge of fo~s11 poll~n 
microfloras has advanced to the stage where it pe~ts 
determination of the stratigraphic age of the pollen-bearwg 
strata encountered in drill cores and outcrops. As a result, 
during 1955-56 several of the major oil companies and 
State geological surveys have sought and received he!p 
in determining the stratigraphic age of strata intersected m 
their drill-holes, namely-

West Australian Petroleum Company-a correlation 
between Rough Range and Cape Range Jurassic 
deposits; 

Australasian Petroleum Company-age of samples of 
thin coal seams from New Guinea; 

Frome-Droken Hill Ltd.-calls from Darriman No. 1 
bore, Victoria, and from Queensland; 

Department of Mines, South Australia-various bore 
cores; 

Mines Department, Victoria-bore cores from 
Alberton West Geological Survey of Queensland. 

Material has also been submitted by the South Australian 
Museum and the National Museum of Victoria. 

Jn addition, a study is in progress of the detailed distri
bution of pollen types in the Latrobe Valley brown co~l 
seams, with the object of determining the cause of therr 
banded structure. 

6. UTILIZATION OP Low-RANK CoAL. 

(Division of Industrial Chemistry.) 

(a) Formation of Methane during Pressure Gasi~catit;m. 
-One of the important features of the pressure gasification 
process is the ability to produce a f~el gas r!ch in methane. 
A stuc.ly is being made of the reactions which occur when 
brown coal and brown coal char are contacted with 
hydrogen-carbon monoxide mixtures under controlled C?n
ditions of temperature nod pressure, to enable the im

portant methane-formfog reactions to be identified and 
their kinetic features determined. The experimental 
reactor is of the continuously operated fluidized bed type, 
desirrned to operate at a wide range of temperatures and 
pres~ures up to 50 atm. The fluidized bed react~on 
system was chosen in order to control closely the reaction 
conditions and thus to facilitate the interpretation of 
experimental results. 

The experimental runs completed so far have shown 
that the hydrogenation of the carbon content of reactive 
brown coal chars occurs rapidly at temperatures of about 
750° C. and pressures of 20-30 atm. The thermally 
unstable components of brown coal are also readily 
hydrogenated under these conditions, but much of the 
reacting hydrogen combines with the oxygen content of 
the coal to produce water. Very little methane appears 
to be formed by reaction between hydrogen and carbon 
monoxide. 

(b) Steam-carbon R eaction at Higlt Pressures.
Although many previous workers have investigated the 
kinetic features of the steam-carbon reaction with steam 
partial pressures of one atmosphere or less, very little 
work has been done at higher pressures and predictions 
of the possible rate of the reaction under pressure gasi
fication conditions vary widely. lo the present investiga
tion precise studies at steam partial pressures up to 40 
atm. have yielded sufficient results to indicate that the 
reaction is described by a rate equation exhibiting the 
fractional order with respect to steam and the retarding 
effect of hydrogen which are characteristic of the re
action at low pressure. 

(c) Structure of Carbon and its Jnfl.uence on Gasifica
tion Reactions.-Work bas commenced on the study of 
the gasification behaviour of a series of special carbons, 
the chemical structures of which have been established 
by officers of the Physical Chemistry Section. Initially, 
the reaction of these carbons with oxygen and carbon 



115 

dioxide al low temperacures will be investigated. 1t 1s 
hoped tbat this work will help to elucidate the n ature and 
function of the surface complexes which play an im
portant part in the mechanisms of the oxidation reactions 
by which carbon is gasified. 

Studies of the fine pore structure of brown coal chars, 
using the high-pressure mercury penetration apparatus, 
have been continued. 

(d) A nalytical Investigations.-In an attempt to reduce 
the time and effort expended in the analysis of multi
component gas mixtures arising from gasification experi
ments, a thorough study has been m ade of the gas 
chromatography technique. Very little success has, how
ever, been achieved in the analysis of anything except 
s imple two- or three-component gas mixtures. Despite a 
considerable number of experiments aimed at improving 
the selectivity of the chromatographic column, it has not 
been possible to achieve adequate separation of the minor 
components in normal fuel gas mixtures containing many 
components such as carbon dioxide, carbon monoxide, 
oxygen, hydrogen, nitrogen, unsaturated light hydro
carbons, methane, and ethane. Further work has been 
suspended. 

Work has continued on the direct method for the deter
mination of oxygen in coals, particular attention being 
given to the solution of difficulties which have arisen in 
the application of the method to high-sulphur brown coals. 

In conjunction with the Mathematical Statistics Section, 
a further large number of recorded analyses of brown 
coal samples have been examined statistically, with the aim 
of developing a satisfactory method of conversion of 
ultimate analyses to the pure coal b11sis. 

XXI. PHYSICAL METALLURGY. 

l. GENERAL. 

A programme of research on special projects in the 
field of metallurgy is undertaken at the Section of Physical 
Metallurgy established in the Research School of Metal
lurgy at the University of Melbourne. This work is 
described below. Work on metal physics is in progress 
within the Division of Tribophysics (see Chapter XXII.). 
T he work of the Division of Industrial Chemistry on 
foundry sands is reported in Chapter XVIII., Section 4. 

Section of Physical M etallurgy.-In April, 1956, 
P rofessor J. Neill Greenwood relinquished bis position as 
O fficer-in-charge. He was succeeded by Professor H . W. 
Worner who had been an officer of the Section until 
January, 1956, when be was appointed to the Chair of 
Metallurgy in the University of Melbourne. 

The Section bas continued the researches described in 
the previous Annual Report. 

As in previous years, members of the Section have 
participated in the supervision of post-graduate students 
and have answered numerous inquiries submitted by 
industry. 

Mr. R. C. Gifkins bas served as chairman of the 
executive committee responsible for the publication of the 
new "Journal of the Australian Institute of Metals ". 

Late in 1955 Professor Greenwood returned from visits 
to universities and research organizations in the United 
Kingdom and Europe. At the same time Dr. H . W. 
Worner returned after making visits in tbe United States 
and Canada as an officer seconded to the Mines Branch 
of Canada. 

2. TITANIUM AND ITS ALLOYS. 

(Section of Physical Metallurgy.) 

(a) Alloys.- With the Section's previous work on 
single-phase a.- and ,B- solution alloys as a background, 
attention was directed to the strength at high temperatures 
of titanium-niobium alloys which arc mixtures of a- and 

µ-solutions. These alloys were not markedly stronger at 
elevated temperatures than is pure titanium, but the addi
tion of aluminium, which dissolves prefereotially in the 
a-phase, caused a significant increase in strength at 
temper~tures up to. 50~0 c.. ~!tempts to improve the 
properties of the titanium-01obmm-aluminium alloys by 
heat treatment were commenced. 

Measurements at elevated temperatures of the internal 
friction and rigidity modulus of pure titanium and its 
alloys with aluminium, oxygen, and nitrogen were used 
to ~x.amine. a. ph.enomenon ~hou~ht to be strain-aging. 
Additional md1cat1ons of stram aging were obtained and 
the activation energy for the process was determined. 

( b) Reactions with Oxygen.-The effects of alloying 
elements on the oxidation of titanium were further 
examined. When oxidation was retarded as occurred, for 
example, if the alloying element was tungsten, the ratio 
of oxygen in the residual metal to oxygeu in the oxide 
scale was greater than that found in oxidized samples 
containing tin or iron which accelerated tbe oxidation. 
Any reduction in the total oxidation ra te was attended 
by a high oxygen content in the metal. Titanium-tin 
alloys, which suffered rapid oxidation, were found to have 
a low oxygen cootent in the remaining metal, and they 
were coated with a scale which could be easily removed. 

In all oxidized ti tanium alloys the layer of alloy 
adjacent to the oxide scale was found to be enriched in 
the alloying element. 

3. D EFORMATION. 

(Section of Physical Metallurgy.) 

Continued study of the recrysta lfaution of lead during 
creep has been made, particularly of the influence of 
such factors as those listed in the previous Reports. 
Recrystallization during creep occurs more readily the 
lower the oxygen content. the shorter the anneal. and the 
l ~wer the temperature of annealing; conclitions may lead 
either to t rue recrystallization or grain growth. In com
mercial lead, accidental varia tions of these factors locally 
could lead to exaggerated grain growth and thus con
tribute to cracking. Jn order to further study the effects 
of impurities, a zone-refining apparatus has been con
structed to obtain very pure lead. 

A suggested mechanism for intercrystalline crackino of 
brass is being tested by a study of the distribution ot"slip 
lines wi thin specimens. 

The investigation of the slow deformation of titanium 
at elevated temperatures has been concluded and in addi
tion to the results reported previously. information on 
the strain-aging of titanium at 400-500° C. has been 
obtained. 

XXII. TRIBOPHYS.ICS. 

1. GENERAL. 

The Division of Tribophysics has developed from the 
former Lubricants and Bearings Section established during 
the war to assure Australian engineering industry of 
essential information in the manufacture of bearings for 
aero and other engines. The original investigations have 
been continued and extended to include fundamental 
studies in metal physics and the surface physics and 
chemistry of solids. Major advances have been made 
in the knowledge of distortions in metals produced by 
plastic deformation and of topology and reactivity of 
metal surfaces. 

Divisio11 of Tribophysics.-Thc work of the Division 
has been continued along tbe general lines described in 
lhe last Annual Report. 

As in previous years, the Division bas co-operated with 
the Chemistry, Metallurgy, Mining, Physics, and Engi
neering Departments of the University of Melbourne and 
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is mdebted to these Departments for the use of man}' 
facilities. An officer bas been secohded to the Chemistry 
Department to work ort problems of tbe solid state. 

Advice and assistance have been given hequently to 
nufnerolls industrial fitms, government organizations, 
departments of various universities, and other Divisions 
of the Organization. The range of subjects- lubrication, 
belltings ahd bearing metals, wear, metals technology, 
electr<5lytic polishing, electronics, surface chemistry
ilh.istrate8 the way Ill wliicb the fundamental investigations 
of the Division are related to practical applications. The 
1'eview of electrolytic polishing methods used in research 
and industry, several editions of which bad been distri
buted in a mimeographed form, bas been revised and 
published as a monograph. 

Officers of the DiVisioh have continued to act on various 
committees, in particular, the C.S.I.R.0.-Department of 
Supply Engineel'ing Group Cotnmittee, the Lubrication 
Committee of the Department of Supply, and the Com
mittee on Viscosity of the Standards Association of Aus
tralia. The metallutgical colloquia held with othet metal
lurgical groups continue to be an important medium for 
the exchange o( specialized knmvlcdge. 

The Cbi~f accepted an invitation by Harvard Univer
sity, Ca"mbridge, Mass., to give a ~Ost-graduate course 
on plastic deformation of metals during the spring term, 
1956. 

2. PROPERTIES OF SURFACES. 

(Division of T ribophysics.) 
Apart from investigations on some practical aspects of 

friction and lubrication, the work on the physics and 
chemistry of solid surfaces is concerhed mainly with the 
behaviour of molecules adsorbed on solitls, the topography 
of surfaces of metal crystals, and with the catalytic action 
of thel>e surfaces. 

(a) Adsorption from AqHeo11.)· So/11rio11s.-(i) The 
EOect of Co11ce111rario11.-Tbe studies of the adsorption of 
long-chain polar compounds on to solid surfaces bas been 
extended to include the adsorption of some of the water
soluble compounds1 i.e. the detergents. The wetting 
behaviour of detergent solutions depends upon the nature 
of the solid and the concentration of the solution. It 
bas been shown that where a single molecular layer is 
adsorbed from dilute solutions, in general, two molecular 
layers are adsorbed from more concentrated solutions. 
Thus, if the solid surface is hydrophobic to a dilute solu
tion, it may be wetted by a more coacerltrated one. The 
clean surface of a metal such as platinum does not 
discriminate between types of detergents, but non-tnctallic 
surfaces such as glass and mica behave differently in 
solutions of anionic and cationic compounds. 

(ii) The Effect of Crystal Orientation.-Tbere is in
direct evidence from studies of crystal growth that ions 
or molecules in solution may be adsorbed preferentially on 
certain faces of a crystal. To gain more direct informa
tlo1\ the albounts of a simple surface-active ion, viz., 
dodecyl sl1lphatc, adsorbed on barium sulphate crystals 
exposing different crystal faces, are being measured. 
Sihce large surface areas are required for accurate mea
surement, powders consisting of uniformly shaped crystals 
a few microns in size must be used. A study bas been 
made, therefore, of the conditions of nucleation and growth 
for the preparation of microcrystals with different habits, 
tbe orientations belbg determitted by opticai methods 
under the microscope. Two extreme fOrtrls ai"e being 
prepared; the adsorption of dodccyl sulphate oil these will 
be compared With their specific areas determined by gas 
adsorption and other methods. 

(b) Topography.-In interpreting the results of ex
periments on the catalytic activity of silver crystals, it is 
important to khow as hmch as possible about the structure 
of the exposeCI surface of the catMyst. Sliver crystals have 

been treated in several ways, and the surfaces so produced 
have been exami11ed to determine their suitability for 
catalytic experiments. Electropolishing can produce a 
very flat surface, but it is always contaminated by 
deposits from the solutions. It bas been found that such 
surfaces can be cleaned by sputtering, a process which 
retains the surface flatness and leaves no contamination. 

In addition, the nature of surfaces of silver specimens 
polished by modern metallographic techniques is being 
investigated by electron diffraction. Contrary to general 
belief, surfaces which are relatively free from heavy 
deformation can be prepared by tnechanicaJ polishing. In 
no case has a Beilby layer been detected on these well
polished surfaces. 

(c) Thermal Etcl1iT1g of Silver.-When silver is heated 
in air ro nearly its melting point certain crystal facets are 
developed on the surface. The orientations of more than 
l 00 crystals have bcch measured and the type of thermal 
etching observed on them after beating in air at 900° C. 
has been recorded. rt has been found that if the specimen 
surface is within about 34° of the ( 11 1) plane then the 
etched surface is made up of a mixture of (111) facets 
and a randomly oriented plane. Similarly, if the specimen 
is wttbin about 25 ° of the ( 100) plane then a mixture of 
facets of the (100) plane and a randomly oriented plane 
is produced. Analyses of these results have shown that 
the sum of the angles which the specimen surface makes 
with the low-index etched pfane and the random plane 
is closely related to the ratio of the surface energy of 
the low-index plane to the surface energy of the random 
plane. From measurements from micropbotographs of 
the etched crystals the ratio of the surface energy of a 
(111) plane to the surface energy of a (100) plane is 
shown to be approximately 1.1: 1. This value agrees with 
others quoted in the literature. 

Further consideration of the role played by the surface 
energy of various crystal planes bas explained many of 
the curious phenomena encountered in thermal etching. 

(d) Catalysis 011 Siflgle Crystals of Silver.-Tbe zero
order vapour phase decomposition ol formic acid bas been 
used as a test reaction to show variations in the catalytic 
activity of surfaces of silver crystals of different orienta
tions prepared by electrolytic polishing and sputtering and 
by thermal etching. 

The surfaces of the single crystals investigated in pre
vious work were not atomically Oat and probably exposed 
facets of more than one type. It was assumed that the 
variety of activation ehergies obtaihed from these surfaces 
was probably effected by a mixture of facets, which were 
pt·edominantly of the 111 type for ctystal faces close to 
the 111 orientation and which gave low activation energies. 

Surfaces which were cleaned by sputtering aftet electro
lytic polishing gave activation energies which \vete almost 
independent of the bulk orientation of the crystals. How
ever, the rate of reaction seems to depend considerably 
on the orientation. 

The same crystals, when thermally etched, gave a higher 
rate of reaction and a lower energy of activation which 
was dependent on the orientation. 

lt seems, therefore, that a direct relationship exists 
between the activation energy and the facets produced 
oh the surfaces, since an ibcre~se in surface area a.lone. 
due to etching, would lead onlv to an increased rate of 
rcaatioo but not to a simultanen-...;i ..!<?crease in activation 
energy. 

3. METAL PHYSICS. 

(Division of TribophysiCll.) 
The aim of the work is to obtain a better understanding 

of the plastic properties of metal~ and of the mechanism 
of phase changes. This kl\owledge will make it possible 
to state t~e best conditions Of a material for use in practice 
ah8 to widen the J"ange of materials avallahte ti.> industry. 
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(a) Plastic De/9f111atio11.-The strength of metals and 
;iUoys depends entirely on the type, number, and distribu
tion of imperfections (dislocati9ns, 'Vacant lattice sites, 
~tacking faul!s, and interstitial atoms) io the metal crystals. 
Some of these imperfections are present in the undeformed 
metal, others are produced during the clefo/mation, and 
they affect the properties in various ways. Their presence 
causes a small proportion of the energy expended in 
deformation to be stered in the metal, and this energy 
is released when the metal is heated. Some details of 
the various imperfections and the role which they play in 
plastic deformation may be determined by measuring the 
amount of energy stored and the manner of its release, 
and relating such measurements to those of the electrical 
resistivity, hardness, macroscopic density, and the dis
tril;>utipn of intensity in X-ray diffraction patterns fyom 
cl'f:~ormed metals. 

(i) Nickel of Commeroiql f!urity . ....-Tbc differential 
method for the determination. of small chao.ges in. density, 
mentioo.ed in last year's Report, has been used to measure 
the changes in density which occur on annealing deformed 
nickel. In nickel of commercial purity the decrease in 
density resulting from pla&tic deformation is not elimi
nated uniformly as the annealing temperature is raised, 
1Ji1t two sudden incremeP-ts in density are superim~osed 
oq a gradual increase i!l de~si~. This behaviQur is the 
~ame. irrespective of trpe (tor~iqn or compressiqn) ;tnd 
~)(,tent 9.e qeformqtioq. 

As discussed in previous Reports, the release of stored 
energy from deformeq nickel t!lkes place in three i;tages. 
The fir~t has qeen atqibuted to the di~appearance of 
vacancies, the second t9 vario11s recovery processes, and 
~he third to recrystallization. The first sudden increment 
in density occurs in tqe. same range of temperature as 
~be first stage in the release of energy, and supports the 
suggestion that this release of energy is associated with 
the disappeaq10ce pf vacancies. The second sudden 
increment i11 densi~ 0<;:curs in ~e same fange of temper(\
ture as the third stage in the rele<\~e ot energy. Rec;y~t<\1-
ljzation relT\oves ~Ile c,ji~lqg<1ti~ps geneq1ted by piastie 
deformatioq

1 
qnd t!ie measurenwpt~ pf den!lity ~µggest 

that these dl~locatipJ:IS ar~ responsible for ll consid.erable 
portion of the decrement !n gensity resulting, frori1 plastic 
strqin. Calcu~atiQJ;ls of the dcnsitx of dislocations fp~m 
the measurements of density all(t from the !l\easurewents 
of stored energy give r~sults that differ by a factor of ten; 
~is is of con~iderable interest. 

( ii) Pure Nickel.-Furti\er ex.PQriments using a purer 
grade of nickel have shQwn that it may be easier to 
S¥paratc the coQtributic;m due tp vac11!)cies from that due 
to dislocations in th!~ !J.l'!leri(\l. Tpc release of stqred 
energy due to recovery Wtil\?b has been qbserved fqr 
impure copper and ~iC~(!l, but not for pure qopper, Pi\S 
now been found to be abseo.t for this purer nickel also. 
Thus observations of the changes in properties due to 
the disappearance of vacanoies at relatively low tempera
tures nre not complicated by the simultaneous occurrence 
of recovery. A correlation of measurements of stored 
energy with those of electrical resistivity and macroscopic 
density is therefore bejng made for this material. 

(iii) Copper.-The changes in properties du~ tq the 
disappearance of dislocati~o.s during recrysta\Jizatiqn are 
being studied for pure copper in which neither recovery 
nqr the disappej\ranc.e Qf vacancies is observed, and the 
interpretation shpulcj therefore be relatively straigbt
forwiird. 

One factor which has been largely overlooked in the 
study of stored energy, and in.deed in the consideration of 
the deformation of metals in general, is that of grain size. 
Pure copper specimens of widely differing grain size but 
having the same thermal history are now being studied. 
'fl\e defQr~ation_s applie\i prior to tile final annealing 
treatment differ II\ extent but not in kil'\d, and the type 
of deformation is such that n(> preferred oJientation 

oc<;urs. Bolb the wechanical properties and the energy 
~tored during the defo,rwatiqn are being determined for 
th,is series of spe¥imens. 

(iv) Arsenical Copper.-Tbe process of n~covery is 
being studied ii\ some i:Ietaj} lp ara,enical cop.per for which 
an apparent anpmf)ly J:ias l,l!leQ found in measurements of 
the electrical resistivity during recovery. Observations of 
the behaviour of single ~rystals in tensile tests indicate that 
this anomaly is associated with the formation of " atmo
spheres" of solute atoms aro11qd dislocations and the 
occurrence of " yield points ". 

(v) Alpha Brass.-Another type of defect which may 
be present in the crystal structure of metals is the stacking 
fault. Such defects arc knewn to occ11r in the alpha 
brass and for this r!laspn measurements of storec! energy 
and the variou$ other pr9p!!rti~s 11re being made of this 
m!\teriaj. t-. f\.\rUier poiqt o~ interest is the occurrence 
of short-range orcjyr ill till.~ appy, tts destruction during 
deformation, and reappearance during annealing. 

(vi) Fatigue of Nickel.-Recently consideration has 
been given to the possibility that the condensation of 
vacancies created during plastic deformation is the opera
tive mechanism in the iriitiation of a fatigue crack. How
ever . .preliminary measurements of the energy stored in 
fatigued nickel indicate that the concentration of 
vacancies is probably less than that present in nickel 
deformed by unidirectional strain. 

(".ii) Nickel Deformed in Filin~.-As mentioned in 
previous Reports, the energy stored in filings is released 
011 heating in a somewhat similar manner to that for 
solid specimens. The measurements indicate that a wide 
range of deformations is present in the filinos and that 
qo~h t\le maximum and average deformatio~s are con
siderably greater than those present in heavily deformed 
specimens of nickel. 

The analyses of th~ X-ray diffraction pattern obtained 
from filings indicate that a deformed metal contains 
regi?ns of high strain ~qc\ regions of comparatively low 
str<pn and that on. annealing the relief of strain occurs 
~n two stag~s. Duripg thC? first stage there is no change 
m crystal size qut I\ d!lcrease iQ st{ain in the low-strain 
reg~ons without appreci11b\e chapge in the heavily strained 
re~1ons. In .the secopd stage the n:maining strain is 
r~l1eyed and 1s aecorQpani~d by an increase jn "crystal 
size". 

The. measqre~ent of {itored energy, together with the 
an;\lys1s of the hoe profiles, indicates that the first stage 
corresponds to recovery and the second to recryst<1llization. 

(b) Ph~se Changes.-The hardeo.ing of steels and light 
alloys during heat treatment is due to the occurrence of 
various types of phase changes. 

Theoretical wor.t< on the crystallography of these phase 
changes has contmued during the year; the rate of its 
progress was determined largely by the extensive numerical 
work i~volved. The comparison of the theory for trans
formations from body,centred cubic to hexaoonal close
~acked structures with all the existing experi~ental data 
is now complete. 

So that observjltions of the surface relief effects which 
accompany phase changes may be analysed rationally a 
development of tbe classical method of reducing eA."P~ri
mental observations by l!~ast squares bas been carried out, 

xxm. NATIONAL STANDARDS LABORATORY. 

The statutory function of maintaining the Common
wea~th standards of measurenwnt is carried out at the 
National Standards Laboratory by the Divisions of 
Metrology, .Physics, and Electrotechnology. 
. !he t;riition11l Staridards Laboratory maintains close 
h~1son with other similar national institutions overseas and 
with. the ~ntern.ational Bureau of Weights and Measur~s. 
By its d1ssem1[\atiqn of caljbrated standards and its 
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advisory functions the Laboratory provides an essential 
service in regard to precision measurement w~ch is of 
vital importance in many industrial, technological, and 
scientific fields. 

Relations with standardizing laboratories abroad have 
been strengthened both by research workers from over
seas coming to work for a time at the Laboratory and by 
the laller's staff being able to accept invitations to work 
for periods overseas. 

During the year there has been an increase in the 
Laboratory's industrial programmes in various fields, par
ticularly in the field of production engineering. 

Some alleviation of the problem of shortage of labora
tory space bas resulted from conversion of an area 
originally intended as an acoustics laboratory. 

Details of the work of the Divisions of Metrology, 
Physics, and Electrotechnology are given in Chapters 
XXIV., XXV., and XXVI. respectively. 

XXIV. METROLOGY. 

1. GENERAL. 

To ensure complete interchangeability and uniformity 
of quality and performance in modern engineering pro
duction, industry must be able to make accurate measure
ments. Equipment for this purpose must be regularly 
calibrated against appropriate working standards. These 
in turn require periodical calibration in terms of the 
national standards, certain of which are maintained by 
the Division of Metrology. 

Division of Metrology.-The Division has continued 10 

develop improved techniques for the measurement of the 
Commonwealth Standards of length, mass, time interval, 
and associated physical quantities. 

Significant contributions are being made to international 
collaboration through the Bureau International des Poids 
et Mesures in Paris; the National Physical Laboratory. 
Teddington; National Research Council, Ottawa; National 
Bureau of Standards, Washington; and the Physikalische 
Technische Bundesanst111l, Brunswick. Research in inter
ferometry and wavelength determinations was extended by 
a gift of mercury and krypton isotopes from the National 
Research Council, Otlawa. 

The Division has also been very active in engineering 
melrology, vibration, and materials testing fields. The 
Division has continued to ensure the adoption of sound 
metrology principles in industry by making staff freely 
available for advice and assistance, and also by providing 
a calibration service for balances, weights, volumetric 
glassware, time pieces, and all types of measuring 
instruments and machine tools. 

The Division has extended its co-operative research 
programme with industry. Additional laboratory accom
modation has been acquired to facilitate production 
engineering research. 

The Division's efforts for the dissemination throughout 
industry of the principles of engineering metrology, 
engineering design analysis, and materials machining, arc 
being rewarded by an increasing awareness of the adv<1n
tages resulting from their adoption. 

The staff has continued to co-operate with other 
Divisions and Government Departments, and also to act 
on S.A.A., N.A.T.A., C.S.T.R.O./Department of Supply 
Engineering Group, and other technical committees. 

2. LENGTH ANO ASSOCIATED QUANTITIES. 

(Division of Metrology.) 
(a) Sw11dards.-The regular programme for the main

tenance of the national standards of length was supple
mented by fundamental research on standardization o( 
length by light waves. Research on isotopic light sources 

was intensified in accordance with the resolutions of the 
Tenth General Conference of the Bureau International 
des Poids et Mesures in 1954. 

(i) Line Standards.-lntercomparisons were mad1. 
between the Division's reference standards and working 
standards, with the use of tbe universal line standard 
comparator. Observational technique was of a very high 
order and results revealed that one of the standards may 
be unstable. Temperature measurements were made 
using resistance thermometers and a Mueller bridge, with 
an estimated accuracy of 0.005° C. Several determina
tions of the thermal coefficients of linear expansion of 
various line standards and sample lengths of invar tape 
were made with the universal line standard comparator. 

(ii) End Sla11dards.- Mnintenance of the reference and 
working end standards continued. Reference end 
standards, comprising slip gauges and end bars, up to and 
including 12 inches, are now being calibrated by 
interferometry. 

A new instrument, designed and constructed in the 
Division, enables the flatness and squareness of the faces 
of end bars to be quickly and accurately measured by 
interferometry. 

(iii) Surveying Tapes.-Several of the reference tapes 
were calibrated on the geodetic base. All appeared to have 
changed in length since their last calibration (at the 
National Physical Laboratory (N.P.L.)) by a small but 
significant amount. 

Recalibration of three of the reference tapes at N.P.L. 
revealed no change in length, the apparent change being 
due possibly to the instability mentioned in item (i). 

At present the highest accuracy of measurement of 
surveying tapes with the geodetic base is from two to 
three parts in 106 • A significant improvement, to one 
part in 100, could be achieved from a more precise calibra
tion of the 4-m. standard. To permit this a 4-m. line 
standard comparator was designed in the Division aod 
construction has commenced. 

Tapes have been calibrated for the Snowy Mountains 
Hydro-electric Authority, the Department of the Navy. 
the Technical Committee of the XVIth Olympiad, and 
other bodies. In some cases thermal coefficients of 
expansion were obtained by heating the tape with A.C. 
current and measuring the temperature by thermocouples. 

At the request of the National Mapping Council the 
Division has drawn up a proposal, with designs, for equip
ment to be set up in each State for the calibration of 
working tapes by the States' Departments of Lands. 

(iv) K iisters-N.S.L. /111erferome1er.-A paper describ
ing the performance of this interferometer, designed and 
made at N.S.L. for the measurement of end standards 
up to 500 mm. in length, was submitted for publication. 

(v) Light Sources.-A standard Michelson cadmium 
lamp containing natural cadmium was made for use as a 
reference standard for studying the wavelengths emitted 
from isotopic sources, in accordance with international 
agreement. Hollow cathode lamps made by the Division 
of Industrial Chemistry are being studied as interferometry 
sources. Research on light sour ces was greatly facilitated 
by .a gift of isotopes, mercury and kryton, from the 
National Research Council, Ottawa. 

(vi~ Wavele11gtlz S1a!1dar~s.-Accessory equipment for 
a vanabl_e-gap Fabry-Perot mterferometer was constructed 
and p~ec1sc wavelength measurements will be made shortly. 
Electnca~ methods of controlling the movement of inter
ferometric plates were introduced and preliminary tests 
show great promi~e. The wavelength data and correction 
tables mentioned m previous Reports have been published 
as a N.S.L. Technical Report. 

(vii) !wenty-four M etre lnterferomeler.-The project 
to estabh_sh a 24-ruetre base by Fabry-Perot interferometrv 
and ophcal multiplication was recommenced. A trial 
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arrangement is being assembled to lest the effect of 
vibration in lhe geodetic ,base, where the 24-metre base 
will be installed. 

(viii) One-metre Interferometer.- This interferometer, 
designed to establish a metre directly by interferometry, 
is still under construction. 

(ix) Multiple-beam In terference Comparator.- This 
comparator, which will allow the intercomparison of end 
standards up to 1 metre in length by multiple-beam 
interferometry, is being modified after test. 

(b) General Interferometry Studies and Associated 
Research.-Studies in multiple-beam interferometry, inter
ference microscopy, and other optical problems continued. 
These include research on phase change at reflection, 
vibration measurement, and obliquity effects. Deposition 
of thin films of metals and dielectrics on reflecting surfaces 
is becoming of increasing importance in most projects. 

(i) Phase Change Studies.- Work is progressing on lhe 
rapid evaluation of phase change at reflection at metal 
surfaces of varying finish. To test a theory of phase 
change at a rough surface, diffraction gratings of known 
waveform were used, and good agreement was obtained 
between theory and experiment over the visible spectrum. 
Equipment to measure the ra tio of specular to total 
reflection at metal surfaces was made, and phase change 
measurements are being correlated with this ratio. 

(ii) Multiple-beam In terferometry Studies.-A method 
of studying very small vibratory displacements using the 
periodic change in field intensity from overlapping mul
tiple-beam fringes was investieated and the theorv 
developed. - ' 

T he Heisenberg uncertainty principle has been applied 
to opiical interference, anJ shows the interdependence of 
surface resolution and depth resolution. The minimum 
resolv~blc volume that can be determined by muJtiple
bearn mterfercnce for a given set of conditions was cal
culated, and agreed with experiments. 

(iii) Obliquity EUects in l nterferometry.-Obliquity 
effects with oIT-centrc apertures were analysed and general 
solutions obtained for all ca~es of on-centre and off
centre apertures. Exact corrections can be applied in 
interferometdc length measurement. Fringe visibility was 
also investigated. 

(iv) Thin Films.- Depositio11 control: Photoelectric 
control methods arc being tested and possible methods of 
depositing quarter-wave layers of various dielectric films 
arc being studied. A photoelectric transmission system 
is being prepared for metal and dielectric film deposition. 

Optical properties of films: Equipment for accurate 
measurement of the reflectance and trammittance of 
deposited films is being constructed. 

Deposition of all types of films for outside organizations 
was again considerable. Graticules and grids were pre
pared using chromium and aluminium in the double 
evaporation process. Advice on evaporated film problems 
included using a silica layer on metal as a wettable surface 
and chromium on glass as a non-wetting durable s~rface. 

Abrasion testing of films: An abrasion tester made by 
the Department of Defence Production to the D ivision's 
design is being tested over a large range of evaporated 
films. 

(:-') Pliotoe~ectric Setting Microscope.-Equipment for 
settmg on fnnges or ruled lines with high precision 
was constmcted. An electronic detector was made to 
indicate the settin8 position on a meter dial. Precision 
multiple-beam interferometry tests nre in progress. 

(c) Engineering M etrology.-(i) Measuring and Con
sultative Service.-Numerous requests were met from 
industry for ro~tinc length, angle, straightness, flatness, 
and surface fi nish measurement, and for calibration of 
various machine tools, measuring instruments, gauges, 
and similar precision equipment. 

Specific projects included aligning the main drive for a 
large rolling mill and measurements, involving the design 
and construction of special equipment, on an unbladed 
turbine rotor for the Navy. Large numbers of produc
tions gauges are being examined for the Department of 
Defence Production. 

( ii) Gears and Gear-hobbing Equipment.-Several 
gears were examined to the maker's specifications and 
some spiral bevel gear measuring problems studied. 

A large hobbing machine and test gear were examined 
for tbe Department of Defence Production. 

(iii) Linear and Circular Dividing Engines.- Several 
graticules, linear scales on glass, and circular divided drums 
for laboratory equipment were ruled. 

( iv) Air Gauging.-The development of a high magni
ficat ion two-jet pneumatic comparator for calibration of 
slip gauges is progressing, and calibrations of internal 
diameters, including the glass manometer tubes for the 
s tandard long-range barometer, were undertaken. 

(v) Scretv Ga11ges.-Two pairs of American Petroleum 
Institute (A.P.J.) cable drilling tool-joint gauges were 
me:1sured :ind results forwnrded to the National Bureau 
of Standards, Washinnton, for comparison with results 
obtained on the same gauges by the Bureau. T he com
parison proved satisfactory, and the Laboratory is now 
recognized by the A.P.1. as an authorized testing agency 
for fast-taper (Looi-joint) A.P.J. gauges. Recogni tion for 
testing slow-taper (casing, drill pipe, and line pipe) gauges 
up 10 St-in. diameter was obtained in 1948. Equipment 
was developed to measure the minor diameter of A.P.I. 
tool-joint ring gauges. 

Romine measurement of threaded components and 
screw gauges of all types has continued. 

(vi) Periodic Errors in Machine Too/s.-Development 
of electronic equipment for the measurement of periodic 
errors in macbinc tools has continued, and encouraging 
results have been obtained io the application to lathes. 
Application to gear hobbing machines is being investigated. 

(vii) Phologrammetric l11 vestigations.-A paper has 
been prepared on the analysis of asymmetric distortion. 
Poor definition in photographs obtained with an aerial 
camera, and several points concerning calibration of 
survey. c:imeras, were investigated. The National Mapping 
Council has requested assistance in the preparation of 
stuntlanl definitions for photogrammetric terms. 

(viii) Lapping a11d Abrasive lnvestigatio11s.- By over
seas request. further work was undertaken on the produc
tion of very thin slip gauges, free from buckling in the 
unwrnng state. An air clutriator has been developed for 
the grading of fine abrasive powders. 

A satisfactory lapping procedure has been developed 
for producing suitable quantities oC irregularly shaped 
plates, flat and parallel, and on size within 0.0002 inch, 
and a standard 62.5-mm. Feby-Perot type etalon was 
made in chromium plated invar for comparison of light 
wave standards. 

3. MASS ANO A SSOCIATED Q UANTITlES. 

(Division of Metrology.) 

.. Requests for advice continue, ranging from requests 
for co:wersion fa ctors from imperial to metric units, to 
requests for complete equipment specifications. Assistance 
was also given to various State Weights and Measures 
Departments. 

~a) Standards of Mass.-The regular programme of 
mamtenance of the working standards of mass has con
tinued. It is apporcnt that certain plated brass screw 
kno? weights ~ill have to be replaced soon, preferably 
by mtegrnl weights of more suitable material. 

An iotercomparison has begun of the Laboratory 
reference standard of mass. The values obtained will 
be based on the values of four I-kilogram standards, two 



uo 
of nickel-chromium alloy, and two of s~ainles.s steel, 
whipb hav~ been eompim;c! witll tb1< Australian i;.0,py No. 
44 of the internMionpl kilogram. 

Several standards of denominations greater than one 
kilogram rnade in the Li'\boriitocy will be included in the 
intercomparison. 

( b) Density M easurement.-The Division's standard 
hydrometers were reverified during the y~ar. The results 
are most satisfactory, as values agree with those of the 
National Physical Laboratory, Teddington. Duplicate 
measurements made at widely ditrereut times under vary
ing condition,s agree withip the limit of readipg accuracy 
pf the lwdrometers. 

( c) Barometric Pressure.-=-Suitable designs have been 
studied for a primary standard barometer for measure
ments in the range 680-780 mm. As a result, new detailed 
d~signs have been prepared of a comparatively simple 
instrume11t incorporating an electric pressure control unit 
developed in the Division, to measure pressures in this 
fi'\Qge with an accuracy of O.Ol mqi. 

Associated with this project is the purilication of 
inerc4ry for the filli.ng of the barometer. This apparatus 
has been slightly modified, but the basic principles remain 
unchanged. Mercury of high purity has been produced. 

(d) Fluid Flow Measurement.- A technique bas been 
developed using simple equipment for the calibration of 
liquid ftow meters for industry at rates up to 1,000 gallons 
per hour with an accuracy better than 1 per ceo,t. 

4. TIME INTERVAL. 

(Division of Metrology.) 

Additional equipment has been ordered foi; rating of 
time pi\~ces. Thi~ incltides a cQol i1wubator for measure
!lWllt of temperature errors of watches, and a high-speed 
o~<;:illograpb for measurement of very short tirne intervals. 
An experimental method of checking the rate of time-of
day watches was tried with some success, but it requires 
further development bef~re becooµng a regular technique. 

The paper on the Division's new methoc\ for the 
measurement and analysis of geoll!etric errors in watches, 
mentioned in the previous Annual Report, appeared in 
the; Proceedings of the Fifth International Symposium on 
Ohronometry, published in 195 6. 

5. APPLIED MEcHANICS. 
(Division of Metrology.) 

The Division co-operated closely with local industry, 
Pl\rticularly in mechanical and production engineering. 
Heavy demands were met for calibration of various 
materials testing machines used for measuring force, hard
ness, pressure, and similar physical quantities. Industry 
is ~ecoming increasiµgly i'\Ware of the importance of 
vibration isolation in machine tools, and the D ivision bas 
contim1ed to assist in the soh1tion of vibration problems. 

Machining and engi.neering design analysis research has 
beei;i intensified and several co-operative projects are in 
progress. 

(a) Machining Research.-Th~ Division's machining 
research consists broadly of two parts, the one dimensional 
and concerned with tolerances and the variability of pro
duction pfocesses, and the oth~r wechanical and concerned 
with tool forces, horse power, tool life, etc. One project, 
proceeding in collaboration with a Sydney firm, involves 
the machinability of Australian materials to establish 
reliable cutting data. Materials machinabiiity depends on 
metallurgical structure, and the Defence Standards Labora
tory, Sydney, is collaborating on this aspect. · Preliminary 
tests revealed concentrated wear in the form of grooves 
on the clearance and top rake surfaces of the cutting tool 
at a position corresponding to the periphery of the work. 
Tl1e explanation is given in a paper submitted for pub-
li9~tiqn. · 

Investigations into. ti\~ high-ripeeq H>uti~g Qf " /\lg\ijg" 
were inte.ns,ideq. Tlw Qptimum c.tltt!lf geom~tIY ha~ n9w 
been confirmed and a blade-type cutter cleye}0,pe~ ~siQg 
repJaC"e'lple inse{ts, Provisiom1l paten.ts w:re app~ied. for 
to· cover bpth tp~se fea,twe\>, ;!nd coJDmercial appl!cat10ns 
are b~ing .investigated. The C\ltters are operating well 
under ~roductiop conditio{ls and performanct; data are 
being collected. 

A Schlesiqger-typ~ abra~~oq te$ter ~a~ ~e.velope~ _for 
testing the abra~iV~ prop~rt\~~ of piatenaJs ID macWniug. 

A method was developed for cutting germanium for 
transistors into slices 0.01 in. thick for the Radiophysics 
Division. An industrial firm collaborated and donated the 
diamond wheels for the tests. 

Several clamp~d-on type chip breakers for cuttin.!? tools 
were designed and comparative performanc;:es investigated. 

( b) Engineering Design Analysis.-A course in engi
neering qesign l\Ualysis \¥as prepared for University and 
Technical Colleg~ lecture1s who will teach this subject, and 
an invitation accepted from Sydney University for an 
pfficer tP. lecttire during third term, 1955, to fourUi year 
~ngine~ripg students on this subject. A p<1per on the 
ind.ustrial application of limits and :fits was read to the 
Engine\:ring Qroup of the 1955 A.N.Z.A.A.S. Conference. 

Joint experimental investigations with industry into 
tolerances for production processes have commenced. The 
~rst process is the tapping of nuts, a matter of interni'\tional 
importance in view of discussions at the 1955 American
British-Canadian Conference at New York. T!J.e factors 
which influence the frequency distributions of both the 
dimensions of the drilled bole before tapping and of the 
irnpwtant elements of the tapped nuts will be investigated. 
This work Wl!S facilitated by taps and a drill sharpening 
macruµe loaned by industry and an automatic i;crew 
machine from a Government Department. 

(c) Vibration.- (i) Vibrqtion Isolation.- Requests cQn
tinue for advice on the isolation of sensitive instruments 
and precision machine tools from vibration generated by 
forging hammers, compressors, and other indJ.!strial 
sources. 

The Division collaborated in the design of vibration 
isolation mountings of 50 tons' load-carrying capacity for 
a large jig borer, and assisted in designing 120 tons' 
capacity rubber-in-shear isolators for a roll grinding 
machine. Performance tests on both machines, including 
evaluation of critical frequencies, were made. Two 
general-purpose vibration tables were developed and are 
undergoing controlled transmissibility te$tS. 

A comprehensive sµrvey of information on vibration 
isolation and measurement bas been published. An officer 
presented a paper on vibration measurement and isolation 
to the Institution of Engineers, Australia, in Sydney in 
July, 1955. 

(ii) Vibration Measurement.-Many industrial requests 
necessitated vibration measurements for site selection and 
mounting evaluation purposes. The electrical-capacity 
type vibration meter had considerable use and three new 
improved seismic transducers are being developed. Addi
tional equipment was acquiFed or developed to facilitate 
vibration measurement. 

Information was obtained about vibration from prelimi
naFy operations for fo\lDdatiop pile-drivipg at the new 
Sydney University Chemistry Building. 

(iii) Vibrometer Calibration.-Preliminary work was 
done on the design of a vibrometer calibrator, but im
mediate requirements were met with improvised vibration 
tables. 

(d) pynamic !Jalancing.-A simple, direct method of 
calibrating dynamic balancing machines was developed, 
using a Divisional technique for pljllle balancing by the 
' I three-mass " method. This has been StJb,mitted for pub
lication. 



A siu-v~y at Au~trc1Jiap. fi\gjliti~s for dynamic b3Jancing 
Wf\s made in cp,operatio)\ w\th tile C..S.J.R,Q./Department 
?f Supply Engineerin~ Group Committe~ t<;> meet the many 
ll)quiries for qynamic balancin~ servi~e~. 

(e) Measurement of Physical Quantities.-( i) Force. 
-Additional proving equipment was. obtained to extend 
the range of force measurement. T his includes a 1,000-lb. 
proving ring, a 30-, a 100-, and two 500-ton Amsler boxes, 
and three Zwick load rings of capacities 30, 100, and 
300 kg. L\tUe development work was possible owing to 
the heavy c)emand~ ma~~ on st<iff for calibration of 
m11terials testing machines. 

(ii) H aa/ness.-A siogle-lever l3rinell .ll\acbine acquired 
for the calibration of bardne~~ test blQcks is in service. 
Investigafo:m 9f the accuracy of calibratioq of 11:\e Vickers 
n\119hine microscope resulted in the desigµ of a better stage 
micrometer. Investigations contin~ed on the N.P.L. type 
dead-load Rockwell hardness t~~ting m!lchine and inter
c;omp11ri~ons with overseas autbo.rities on R9ckwell C scale 
determinations are peipg 111ade. !?everal devices for 
measuring inden~er force in hardness testing machines, in; 
eluding proviqg jevers and an ~lectric;:il-<;:apacity type fo~ce 
tr;msducer, were investigated. A technique for the more 
11ccurate measurement of an indenter forqe ot t kg. wt, is 
being deyelope~. 

(iii) Irrwao,.-Appar11t4s !V<\S de~igne\;l to facilitate the 
calibratio!l of impact testipg machine~. The new eqqip
ment will be uiore r~agily traniipOrted and operation 
quicker and simpler tb11n ;it me~f}nt. 

(iv) Angular Speed.~Calibration equipment for tacho
meters up to 16,000 r.p.m. was devefoped. 

XXV. PHYSICS. 

1. GENERAL. 

The D ivision of Physics, which is one of the Divisions 
of the National Standards Laboratory, is responsible for 
maintaining the Commonwealth standru:ds of heat, light, 
viscosity, and related fields and for the associated testing 
and calibration of measuring equipment. The maintenance 
of standards is nev~r a stati~ ~i1bj~9t since new require
qi.ents an~ continually coming forward and consequently, 
to carry out its funi:tions1 a ·-consjderable arµou11t of the 
Dlvi~ion's ~ffort is devoted. to the developinent of new or 
inwroved methods of m~iotenance 9f st11ndarqs and 
precision measurement. 

Tbis Cqapter describes the work of the Division of 
Physics, and the Division's work in solar physics is 
described in Chapter XXIX., Section 2. 

J,)ivision of Physi~s.=-1\. highlight of ihe y~ar's work 
~as been the demonstration of the great precjsipn, speed, 
and ?,daptability of thi;: pew al?splq~~ metbqd qf measuring 
humidity meptionec\ in la~t year's ll~port. 

The qissemioation tn ~ni.lustry of k!'.lowledge of tech
niques and temperature measurement and control bas pro
gt•essed very satisfactorily. In the field Qf colour measure
ment and prediction advice bas been given to a number 
of bFanches of industry, and basic theoretical and experi
mental work on this subjeot bas been commenced. This 
is being supported financ ially by an industri<il fu'rn. 

Researches into the basic struolure of metals and alloys 
as deduced from studies of their thermal and electrical 
properties at very lpw temperatures baye been continued, 
and quantitat ive measurements have meen made on crystal 
jrpperf~cti9ns produced by eold work. The section on the 
thermal copquctivity Qf solids at low temperatures in the 
recently p4blisp~p Eq~ycl9p11edia pf Physics was con
tributecj py an qffiqer of tl~e Diyisjen, 

Th~or~tjcal and oP.s~rvat!on"11 stut!ies of solar phenomena 
hfiv.e been coµt inupq f\U!i a C\~W qbs~Fving station has 
be~n e~tapJistiqd ~ome 30 miles W{JSt qf Sydney adjacent to 
a fiel(i station of th!'} Div!sio!'l pf Radipphysic&. Plans 
are iq hand to participate jp the pri;>gramnw for the Inter
natjon11l Geophysical Year. 

Th~ wori of the ]JiyiS.l9µ \111& be~n recqgnized abroad 
by iqyitations to a munber of it~ officers to vi~it and "."ork 
at overseas 111boratories or to contribute to mternat1onal 
conferences. One officer has beeq apppintecJ to a visiting 
pr9fes;o4ship at the National Research Cquncjl of Canada, 
and bas also been inyited to coptribute to an interqational 
conference and to a meeting of the American Institute of 
Physics. Another officer has been appointed. a Research 
Fellow for a year at Harvard College Qbserviitory, and 
two others have been awarded sbort-term F~J!owsbip!l at 
the Massachusetts Institute of Technology. The Divis,ion 
was represented by invitation at a meeting pf the Intef
national Commission of Optics held recently in the United. 
States of America, and an offioer has been invit~g to par
ti<;ipate in a symposium on the theory of image fof!nation 
in optical systems, organized by United Stateii 11uthorities. 

The Division bas co-operated with the New S0utb Wales 
Public Works Department on the problem 0f the measure
ment of soiJ density ~or the Adaminaby Dam. 

The Division bas representatives on lqe following CQm
m.ittees:-Consult<1iive Committee on Thermometry of 
the Intci;natjon11l Bureau of Weights and Measur~s, the 
Workirig Grqqp 011 Thepnometry of tpc International 
Organization for Standardizf.ltioq, New South Wales State 
Coinrni(tee of the N<1tional A$SOciation of Testing Authori
tie~, the Registration Adviso.ry Committee for Heat and 
Temperature Measur~ment and foi; Photometry of the 
sa,me body, the National Standarqs Commission, the 
Committee on Visc9metry of rpe A1,1stralian Standards 
Association, the Technical Advisory Committee on Optical 
Munitions, and the Australian National Committee on 
n1umiqation. 

2. H~A1'. 

(Division of Physics.) 
In beat investigations the rnjlin activities are in tem

perature measurement, v(scometry, hygrometry, and low
ternperature physics. Althoµgh in this Report reference 
is made only to advances in tbe facilities, techniques, and 
researches, assistance is also constantly given to industry 
and other scientific establishments in the calibration of 
equipment, the making of measurements, carrying out 
a.cl hoc investigations, and giving advice on beat problems. 

(n) Measurement and Control of Temperature.-(i) 
lnterna/ia11al Temperature Scale.- Mucb effort bas been 
i;levotecj to the maintenance of the International Ternpera
tur~ S9aj~ and improvements in it& realiz<1tion in all its 
rapges. 

At the iqyitittion of the Int~rnational }lureaµ of Weights 
and Measures !he D ivision has participated in an inter
national intercomparisoq of r~sistaQc~ tlwrrrornet~rs. 

A precision manometer for the m!!asurement and con
trol qf pr{lss4res to O.QOl mm. (qr the reflljzation of the 
steam and sulphqr po!Jing p9irits ii; n;;11i-iog completion. 
A tin path, yniform to 0.01° C., has been constru9ted to 
replace th~ treez:jng point of antimqoy for the transfer 
from the resist<1nc;:e thermometer to the thermocouple 
pyrometer ranges, 

To minirµize uncertainties in optical pyrometry the 
vi~ual sensitivity curves of a pan~) of observers have been 
qirectly determined and an alternative method of obtain
j.ng tbe brightness match pbotoelectrica)ly has been 
developed. 

(ii) Liquid-in-glass Thermometer~.-Th{lrmom{lter read
in~s fire markedly dependent l'.)n the pr~vious thermal 
history of the thermometers, and p,rocedures paye beeµ 
devised to improve their stability oy reducing the effects 
of qmpieot temperature anc\ oi he!lting to 'Ill elevated 
~!!mperature. 

(iii) Industrial Pyrometry,.- Over 50 industrial furnaces 
and salt baths have been tested, and numerous industrial 
problef\ls in temp,erature rneasurerpent were dealt with. A 
five-wee]} course of instr4ctio,n was given to som{l twenty 
persons frqrn inclµst~ial ~stablislµnents. 
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(iv) Hypot/iermia.-Tbe equipment developed for tb.e 
lowering of the body temperatures in human patients 
for medical purposes has been applied in co-operation 
with hospital staff to a number of operative cases. Im
proved equipment based on the original design will soon be 
available for routine use in hospitals. 

(b) Hygrometry.-T he method of measuring and con
trolling humidity with a hygrometer which uses as the 
sensitive element a water soluble ionic crystal has been 
brought to an advanced stage of development. A detailed 
investigation of the characteristics of the method has 
confirmed its many advantages over other methods for a 
wide variety of applications. An automatic self-balancing 
unit has been constructed which is sensitive to changes 
of less than 0.003 ° C. in the dew point of the gas being 
examined, is accurate to 0.03 ° C., nnd has a speed of 
response of 1 sec. 

Among the investigations made in connexion with 
the further development of the method are the design of 
a system of high thermal efficiency for cooling by carbon 
dioxide expansion, the production of a water vapour 
pressure constant to 0.02 per cent., and the development of 
an electrical analogue for the solution of problems of 
transient heat flow in materials of irregular shape. An 
examination of the fundamental limitations of the dew 
point hygrometer has revealed that undetected errors of 
0.5° C. may readily occur in its use. 

A semi-automatic frost-point hygrometer, intended for 
industrial measurements on gases of very low moisture 
content, bas been designed. 

(c) Viscometry.-The construction of a new system of 
viscometric standards which will be more accurate and 
versatile than the existing ones is proceeding. A critical 
examination has been made of certain standards specifica
tions for the measurement of viscosities. 

From studies of the drainage of liquids from vertical 
surfaces a simple procedure to reduce drainage errors 
in volumetric glassware has been formulated. 

(d) Soil De11.vi1y.- The rapid measurement of soil 
density is important in engineering rolled earth construc
tion, and an instrument devised to do this in terms of 
the absorption of gamma rays is now in use at the 
Adaminaby Dam site. 

(e) Low-tempera/lire Physics. (i) Low-temperature 
Faci/ities.-The low-temperature research. programme bas 
been extended to include measurements on specific heats. 

The 15,000-gauss magnet, which is being constructed 
for use in the production of temperatures below 1° K. 
and for the study of phenomena in the presence of a 
magnetic field, is nearing completion. 

(ii) Conduction Phenomena in Solids.-Work is pro
ceeding on the identification of the dominant types of 
crystal lattice imperfection and the determination of their 
concentrations Crom measurements of thermal conduc
tivities at low temperatures. By comparison with the 
electrical conductivity, information is obtained about their 
spatial distribution. This technique has been applied to 
the study of the imperfections introduced by plastic 
deformation in arsenical copper, and it has been con
firmed that these are mainly dislocations. Measurements 
on a series of copper-zinc alloys both in the deformed 
and annealed states reveal that in these materials both 
dislocations and vacancies are introduced by cold work. 

From measurements of the lattice thermal conductivity 
and electronic conductivities of annealed alloys of copper 
it has been concluded that there is a strong interaction 
between the conduction electrons and the transverse lattice 
waves in these materials, and further evidence has been 
obtained for the band structure postulated to explain 
earlier results. 

Measurements have been made on the thermal and 
electrical resistivities of titanium, zirconium, iron, nickel, 
and chromium. These latter are of particular interest 

since they are the first measurements on pure chromium. 
Further progress has been made on t~e. theory of the 

electrical conductivity and thennoelectnc1ty ?f metals 
under conditions when the lattice waves deviate from 
equilibrium. 

From an analysis of the low-temperature thermal con
ductivity of crystalline quartz irradiated with fast neutrons 
it has been possible to explain the apparently anomalous 
density changes observed in irradiated quartz. 

( iii) Properties of Superfluid Liquid Helium.- Work 
has been continued on the phenomenological theory of 
heat transport in liquid helium and on ao atomic theory 
of dissipative processes in the superfluid state. 

(iv) Specific Heat.-Studies on the specific heats of 
metals and alloys at low temperatures can contribute to 
our understanding of the busic structure of these solids. 
Many specific beat measurements at low temperatures 
have been vitiated by experimental errors. These have 
largely been overcome by using a vacuum calorimeter in 
which is incorporated a mechanical beat switch, by the 
use of carbon resistance thermometers, and by the use of 
specimens of known purity and physical state. 

Measurements on specimens of chromium, nickel, and 
on dilute copper alloys showed that their specific heats at 
low temperatures can be adequately represented as the 
sum of a term due to the free electrons and one due to 
the crystal lattice. The measurements on copper and 
copper alloys reveal that while the second term is little 
affected by impurities in the copper, the first is affected 
to a much greater extent than current theory would 
predict. The physical state of the specimens has little 
effect on either of the component specific heats. The 
measuremen1s on pure nickel and chromium have resolved 
an apparent anomaly in the published results on these 
metals. 

(v) Temperature Measurement.-To facilitate the cali
bration of temperature measuring equipment at the boiling 
point of hydrogen, a small liquid-helium to liquid
hydrogcn converter has been constructed. 

3. LIGHT. 

(Division of Physics.) 

rn addition to the maintenance of photometric 
standards, the research and development necessary for 
the continual improvement of these standards, and the 
provision of facilities for the calibration of precision 
photometric and optical equipment, research activities 
have been continued in physical optics and solar physics. 
Methods have been developed for handling multi
dimensional coherent scattering problems in radiative 
transfer, contrast transfer functions for the assessment 
ol' optical image quality arc being further studied, par
ticularly in connexion with partially coherent object 
illumination, while the physical conditions in solar 
prominences and flares have been more closely determined. 

(a) Pliotometry. ( i) Photometric Standards.-The 
basic standards of luminous intensity flux and colour 
temperature maintained in the Laboratory are filament 
lamps. Much develomental work has been carried out 
in the last year on fiuoresceot lamp standards, and 
standards of luminous flux have now been established in 
the form of tubular fluorescent lamps. In the course 
of this work two problems which have hindered the satis
factory development of such standards have been solved. 
Firstly, account has been taken of the effects of ambient 
temperature on the luminous output of the lamp by 
measuring its internal resistance, this being related to its 
internal vapour pressure which is the significant factor 
in controlling lamp output. Secondly, the disturbances 
introduced by conventional electrical measuring instru
ments on the lamp's voltage and current waveforms and 
their effect on light output and power consumption have 
been investigated, and simple methods found for correctin<> 
for them to an accuracy of better than 0.1 per cent. " 
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(ii) Test Work.-Pnotometric testing and calibration 
has remained at a considerable level, including the calibra
tion of incandescent and discharge lamps, photometers, 
and haemoglobinometers; spectrophotometry and colori
metry; the testing of retroreflectors for trnlflc authorities; 
and the calibration of gloss standards. 

(iii) Assistance to lndustry.-The paper, plastics, and 
ceramics industries have shown increasing interest in the 
use of physical methods for controlling the colour and 
reflectance of their products. The Laboratory has pro
vided assistance by giving technical information, calibrat
ing reference standards, and training industrial personnel 
in the application of spectrophotometric and other 
techniques to their problems. 

(h) Physical Optics. (i) Image Quality-Contrast 
Transfer Functions.- The assessment of image quality 
by the contrast in images of sinusoidal gratings bas 
become one of the major fields of development in optics, 
for it is now realized that conventional test methods based 
on the resolution of fine detail do not give the best assess
ment of the performance of an optical system. The 
Division is concerned at present with the development of 
new techniques for producing monochromatic and white 
light object patterns having known sinusoidal contrast 
variations and with variable degrees of coherence. The 
~athcmaticaJ functions involved in studying defocused 
images have been calculated and tabulated and studies 
have been made of the combined effects of small aberr::i
tions with a partially coherent object pattern. 

(ii) Radiative Transfer.-The mathematical theory of 
the passage of radiation through absorbing and scattering 
media is of importance in underst::inding the properties 
of things as diverse as stellar atmospheres or tbe colour 
properties of paints and pigments. Known as the theory 
of radiative transfer, it has been extended for coherent 
scattering to the stage where most common two- or three
dimensional problems can be handled to an accuracy 
comparable with that obtained by the Eddincton approxi-
mation in one-dimensional cases. ~ 

These methods have been applied to obtain some of 
the opti7a1 properties of imperfectly dispersed pigments. 

Experimental work has also been commenced on the 
optical properties of diffusing media. This field has been 
?Or!lparativelY_ neglected by optical laboratories, although 
1t 1s of considerable importance in many industries. 

(c) Solar Physics.-This work is described in Chapter 
XXIX., Section 2. 

XXVI. ELECTROTECHNOLOGY. 

1. GENERAL. 

Much electrical work, particularly in electronics is 
undertaken in Divisions and Sections as an inte<>ral ~art 
of rc~e~rc~ in other fields of investigation, 

0

but the 
Organiatton s research on electrical measurements and 
standards and on electrotcchnology is carried out within 
the _Division of Electrotechnology, which is part of the 
National Sta~da~ds Laboratory (see Chapter XXJ IL). 

The Organ~za!ton also coJJa?orates with the Electricity 
Supply Assoc1at1on of Australia in encouraging electrical 
research within the universities through its Electrical 
Research Board (see Section 8 of this Chapter). 

. Division of E(ectroteclwology.-The Division is respon
sible for the mamtenancc of the Commonwealth standards 
of measurement of electrical quantities. Tl also main
tains the Commonwealth standard of measurement of 
frequency in conjunction with the Commonwealth Obser
vatory, Mt. Stromlo, and other standards derived from 
frequency. resistance, and electromotive force. The 
Division undertakes electrical and magnetic measurements 
on materials. and the calibration of instruments and 

cquipm~nt sucb as resistors, briuges, potentiometers, 
capacitors, inductors, indicating instruments, instrument 
transformers, signal generators, wavemeters, and flux
metcrs. Research is being continued to improve and 
extend the electrical measurio2 and standards facilities, and 
on the dielectric properties of insulat ing materials an'cl the 
microwave spectra of gases. 

Investigations requiring the design and development of 
special equipment have been undertaken for the Enter
prise B>:ploration Co. Pty. Ltd., the Commonwealth Bureau 
of Mineral Resources, and the D ivision of F isheries and 
Occano~raphy. 

2. DlRECT CuRRE.NT. 

(Division of Electrotccbnology .) 

The volume of standards and measurements work at 
direct current has now increased to such an extent that 
the Division is forced to restrict its service mainly to 
the calibration of precision equipment for other labora
tories and to divert items such as indicating instruments 
to other laboratories approved by the National Association 
of Testing Authorities. 

3. POWER FREQUENCY. 

(Division of Elcctrotechnology.) 

For a number of years the precise measurement of 
voltage at power frequencies and, indirectly, of current 
has been carried out by means of an electrostatic volt
meter which has proved well fitted to the task. Its 
favorable properties have now been embodied in a new 
instrument possessing a number of additional useful 
features. Instead of observing the deflection of the 
insrrument by means of the usual lamp-and-scale optical 
system, the deflection of the new instrument modifies the 
balance of a capacitance bridge of which the electrostatic 
vollmcter forms one arm. The balance of the bridge is 
rcslored by adjusting a variable air capacitor scaled in 
volts. Since no direct observations need be made on the 
vollmeter movement itself, the instrument is easy to 
mount. 

Measuring fac ilities a t higher voltages have been 
improved by the construction of a recurrent surge oscillo
graph for investigating the voltabe distribution on trans
former windings under impulse conditions. 

4. AUDIO AND RADIO FREQUENCY. 

(Division of Eleclrotechnology.) 

(a) Calculable Capacitor and Absolute Determination 
of tlic 0'1111.-A major research effort has been con
centrated on the development of a capacitor whose 
value may be calculated from its dimensions and on the 
'.11casuring techniques required to measure its capacitance 
rn terms of frequency and tho 1-ohm standard of 
resistance. If sufficient precision can be obtained then 
it becomes an alternative method for the absolute 

1

deter
~1ination of the ohm, using the value of the velocity of 
lrght to convert tbe capacitance, calculated in electrostatic 
units, into electromagnetic units. 

One of the most significant advances has been the 
discovery of ~ entirely new form of capacitor consisting 
of. a symmetncal arrangement of straight bars. With 
this arrnngemcnt the mechanical and metrological require
ments a~e notably less strin.ge~t than for earlier designs. 
Almost its only drawback 1s its low capacitance for its 
size, and it is likely that the calculable standard will have 
a capacitance of less than one picofarad. It is fortunate 
that. in recent years the Division bas specialized in the 
precise measurement of small capacitors and that exist
ing te.chniques can be refined for measuring such a small 
capacitor. 

Less spect~cular but equally necessary progress has 
been made in the other measuring links required to 
complete the chain back to the 1-ohm standard of 



resistance. Advantage has been taken o,£ modexn elec
tronic techniques and cqmp_onents in the dev~lopment of 
special ratio transformers, dete~tor-ai::iplifi~rs, and 
cathode-ray display units for ;\.C. b{1dges so that 
measurements of qapacitanc;:e <ind resi$tance may be made 
with the maximum possible precision, With a new method 
of display the bridge balance is acl\i~ved with muqh. less 
time and skill tban that normally requITed, because the 
out.of-balance condition is g{aphic111\y indicated. 

(b) Capaci(or Transducers,-:The successf\11 deveJop
ment of equipment for measuring very small capacitors 
accurately and easily enables capacitor transducer tech
niques to be used for mechanical flO~ physical measure
ments. In collaboration with other Divisions of the 
National Standards Laboratory these techniques have 
been applied to a barometer, a manometer, and. a_ ~iquid 
heli1nn depth gauge. To demonstrate the potentt<1hlles of 
the techniq4e a0 e/(hibit wa~ <irranged which showed the 
def!ecti0n ot a l~rg~ steel joist under ligl1t finger pressure. 

(c) Co,ndttctance Standard for Very High Frequencies. 
- Assistance bas been given to the DiyisioQS of Plant Indus
try and of Food Preservation and Transport in measuring 
the A.C. impedance of plant tissue. This has been of value 
in research on the infections of potatoes by virus and on 
the physical prop~r.tiei; of plant cells. The Department 
of Agriculture of the University qf Sydney has l;>een 
give\"1 adyice on measuring conductivity l;>y an A.C. bridge. 
This techqique is of ipter~st for deterrnin\ng the amount 
o.f calcium in milk. 

(d) Frequency Measurement.- Newly acquired appara
tus now permits the measurement of frequencies up to 
100 Mc/, s. with ease and precision. These measuring 
facilities are being extended to cover the television and 
higher frequencies. 

(e) Conductance Standard for Very High Frequencies. 
-The greater use of very high frequencies for services 
sµcb as television and navigational aids has created a 
demand for the corresponding basic standards of measure
ment. One of the most important quantities to be 
measured is the impedance. of the various transmission 
circuits and components. Several commercial impedance 
measuring equipments are available and regular reques ts 
for their standardization are being received. At these 
frequencies it is no longer possible to derive precise 
impedance standards from the 1-ohm resistors maintained! 
at di.rect current, and such standards must be based om 
the known properties of coaxial line!l made with sufficient 
mechanical precision and frow metals with adequate con
d,uctivity. Standards of this type are under development. 

(f) Po1ver Measurement at High Frequencies.-Bolo
ll\etric methods 9f power rµeasurement for the microwatt 
aµ~I milliwatt ranges are being developed. The immediate 
l\pplication for these methods is the direct determination 
Qf th\:\ power outptJt of standard-signal generators. 

(g) Microwave Measuring Equipment.- Facilities for 
making accurate measurements at microwave frequencies 
are being extended as rapidly as funds and available work
shop assistance permit. The main effort is being devoted 
to the 3-cm. waveband together with some work at 
10 em. and 8 mm. A .frequency-stabilized klystron 
oscillator controlled by mearis of an invar cavity resonat or 
is under development. 

(Ii) Mir:rowave Spectroscopy.- Hyperfine structure, 
arisiQg from the quadrupole moment of the deuteron, has 
oe~n observed in the microwave spectru111 of the heavy 
water molecule.. Good resolution of these deuteron 
quadrupole effects bas been achieved with the spectroscope 
operating und,er high-resolutioQ conditions, and an attempt 
is· being made to correlate the spectrum with the currently 
a<;cepted electran~c; stn.1cture of the water molecule. 

(i) Random Noise.-One of the fundamental limita
tions in aQ.y electrical measuring technique occurs when 

ihe cnl;lnges iq the desired signal are mas¥ed by the back
gn>u111'.1 of random electrical variatiOP-S, tP,at is, by noise 
arising from the measuring girgµits tbeillS!llves. A pro
gramme to study t.Qe characteristics Qf electrigal noise 
generally h&s been un{iertaken. 

A theoretical inves.tlgatipn of the effects o.f random 
vQ)tages ip non-1\peaf electrical networb is being carried 
out, and ip p(Jrticular the problem of findiqg the probability 
di§tril:!Uli9n for tjle fi]ter~p Ol~tput of 1\ muWplier whose 
i:m>uts are correlateq ranqom voltages, with O\\\!§Si<1n 
(:lis~ribyti9q, has be~n s9lved. 

$. MAGNETIC MEASUREMENTS. 

(Division of Electrotechnology.) 

A new instrument, greatly facilitating the calibration of 
fluxmet~rs and ballisti9 galvanometers, bas been produced. 
It is a "ftux-lin~age gener~tor '1 i11 wbic~ the saturation 
magnetization of a grain-oriented nickel-iron magnetic core 
provided with output windings is reversed by reversing the 
b.C. current ip an exciting windi11g. 

-:resting f(lcilities gavt; beeq extended by the addition of 
a 25-CIJ'I. E_p.stein square foi: Io.ss and permei'\P.ility tests, OP, 
rnagqetic Illateria\s it\ &heet form and of a f~t X-¥ 
recorder for plottiug characteristics of magnetic materials. 

6. DIELECTRIC lNVESTIOATJO.~S. 

(Division of Electrotechnology.) 

Jn previo1,1s years this work has centred arou!\d the 
dielectric properti~s, of orgl\fiic 9ompounds, in the solid 
state. In<;reasing evidence has been obtained that in 
many case~ the magnitude of the dielectric absorption in 
Qi:ga11ic; s.olids is greatly influenced by tl:\e presence of 
crystal imperfections. More &ttention is now being paid 
to the die\ectric properties of liquids and inorganic s01ids. 

(a) Alkali Halides.- The dielectric absorption has been 
stµclied in several alkali halides containing small amounts 
of a divalent metal ion of approximately the same size 
;is the alkali cation. Io this way quantitative information 
about the energy barriers to ionic movement in these solids 
has been o.btained without having to grow large crystals. 
From some points of view this method yields results having 
less ambiguity than those achieved with the alternative 
techniques based on diffusion and D .C. conductivity 
measurements. 

( b) Modified Barium Titanate-Type Con~pounds.
Compounds of the general formula Ba., Tis- x Mg:o: 0 16 
have been studied. It has been found that they have con
siderable dielectric absorption at radio frequencies. This 
absorption is attributed to the transition of barium ions to 
adjacent unoccupied sites in the crystal structure. 

(c) Wool Wax and its Derivatives.-Tbe investigation 
of the dielectric properties of wool wax bas been extended 
to a number of easily obtained derivatives, including the 
a~etC\tes of tbe alcohols, the methyl and ethyl esters of the 
acids, and also the ketones, secondary alcohols, and hydro
i;:arbons 9btainec1 from tQe {lci.ds. The results suggest that 
some of the materials may h('\ve commercial application 
and arrangements are in hand to impregnate some capaci
tgr~ with tht? nwre p.romising derivatives. 

(d) Wool Wax-Water Mixtures.-During the above 
investigation it was realized that mixtures of wool wax 
and water would provide an excellent example of the 
simplest forlJ\ of a heterogeneous dielectric, viz., one con
taining spherical regions of conducting impmity. Good 
agreement between experiment and theory was obtained 
f()r mi~tures containing up to 30 per cent. of water. 

(e) Hindered Hydroxy Compounds.-Previous work 
on alipbatio long-chain alcohols revealed very large 
dielectric absorption at audio and radio frequencies. 
Although the mechanism causing this is obviously due to 
the hydroxyl groups and their interaction the details are 
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by no means clear. Work ~vas un~ertakc.n to establish 
the dielecrric properties associated ":'1th a. smgl~ hydro~yl 
group stcrically hindered from bondtn~ with ne1ghbounng 
groups. Two compounds, 2:4:6-trt-t-butylphenol a~d 
tt icyclohexylcarbiool, both showed. petfcct Debye r~laxa
t ion type of absorptioh over a wide teniperature range. 

(/) Chlorinated Aromatic Co!"!pounds a~ Commercial 
Diclectrics.-Appreciable quant1t1es o~ tn- and tei:a
chlorobeozenes occur as by-products 10 the .Australian 
chemical induslry. A t the request of ~ chemical ma_nu
facturer these by-products were investigated as possible 
impregoants for capacitors and transformers. It was f~~d 
that after purification of the compounds the conductmty 
was st ill too high. This could be reduced ~o an accept
able value, however, by mixing with approximately equal 
quantities of more Viscous compounds such as the 
chlorinated diphenyls. 

(B) X-rr1y Crystallography.- Dielectric studies sug
gested tbc existence of three separate phases of butyl 
stcarate in which the compound remains translucent in 
appeurancc. X-ray measurements have confirmed the 
existence of the three separate phases. 

(h) Theoretical.-lh recent years vari.ous a~thors have 
published conflicting treatments of the d1electnc constant. 
l t has now been shown that a proper interpretation of the 
relevant statistical mechanical averages is of the utmost 
importance in general theories of the dielectric constant 
and that several theories apparently in disagreement do 
.in fact state the same result. 

}>rogress in the theory of electron-lattice Interaction in 
mctnls hns been made by the use of electron-hole pairs 
which have interesting particle properties. Useful results 
obtained relate to the chahge of sound velocity induced 
by the electron-lattice interaction. 

7. SPEC£AL lNV.ESTlOATIONS. 

(Division of Electrotechnology.) 

(a) Physical Oceanograplzy.-The two instruments 
ueveloped for the measurement of temperature and 
sallnity have been completed. One of these, a portable 
unit for use in cst1iaries is in regular use, and a number 
of similar instruments are being assembled by a local 
manl1focturcr for the Division of Fisheries and Oceano
graphy, and for export to New Zealand and New 
Caledonia. The other instrument, a recording instru
ment for use in the open sea to depths of 3,000 feet, has 
given encouraging results in its first sea trials, but further 
~light modifications will be necessary. 

The variations in mean sea-level on the east Aus
tralian coast are being studied. It has been found that 
sea-level changes are correlated with atmospheric pres
sure changes, aod with the component of wind parallel 
to the coast. 'The study of mean sea-level variations is 
expected to throw light on the general circulation of the 
Tasman Sea. 

(b) Eq11ipme11t for Bore Hole Exploration.- An investi
gation is being carried out for Enterprise Exploration 
Company Pty. Ltd. to facili tate measurements of radio
activity ih exploratory drill holes. A system is being 
developed to transmit information to the surface without 
the difficulties of using an electric cable or special rods. 
Following laboratory tests on the normal drill rods, equip
ment is being built for field trials. Pulses from a Geiger
M iiller tube in the drill hole are converted into vibrational 
pulses in the drlll rods in which the pulses arc propagated 
to the surface where they may be received by suitable 
equipment. 

(c) A 11xi/idry Equipment for S!ioran.-Assistance bas 
been given to lhe Commonwealth Bureau of Mineral 
Re~ourtcs in the design and construction of auxiliary 
cq;iipmcnt for a Shoran radar set. The Shoran is used 
for navigating and plotting the position o( an aircraft 
cngngcd on geophysical surveys. Ao aided layer has 

been designed and constructed for assisting the radar 
operator lo keep the range signals aligned, and a straight
line flight indicator has been designed. As Well as 
providing a signal for the pilot so lhat the aircraft may 
be flown along a series of straight lines, the flight indicator 
also plots to scale the track of the aircraft. 

8. ELECTRICAL RESEARCH BOARD. 

The general objective of the Electrical Research Board 
is to foster fundamental electrical research in universities 
and the training of gtaduates in research methods. Grants 
are made for projects suggested by the universities. 

The Board is representative of the Electricity Supply 
Association of Australia, the universities, and the Organi
zation. Financial support from member organizations of 
the Electricity Supply Association bas enabled lbe Boatd 
to support investigations in most or the universities of 
Australia. 

Investigations on the stability of power supply systems 
are being continued in tile University of Adelaide 'with 
projects on betwork analysers ahd in the University of 
Melbourne by using model macnine techniques. Tran
sients are being studied in the University of Tasmania. 
In the University of Queensiand work has been completed 
on tbe construction of the impulse generator and ancillary 
measuring and recording equipment; substantial progress 
has been made on thunderstorm studies and the prepara· 
tion of no isoccfaunic map. Work has been continued 
on electronic counters and ah1plitlers bf extremely sbort
!Hne resoll1tion and oti the Hall effect in semi-conductors 
iL1 the University of Sydney where a new project on the 
dynamic stability of alternators bi'ls been started. The 
New South Wales Uhiverslty of Teclinology bas also 
started a project on the representation of synchronous 
machines by electronic models. Investigation of the loss 
of electrode material from hot spots in electric arcs is 
being continued in the University of New Zealand. 

XXVII. RADlOPHYSICS. 

1. GENERAL. 

The techniques of radio and particularly its more recent 
offshoot, radar, have found employment in an ever Widen
ing field of bot11 scientific and industrial application. The 
use of pulse methods and the exploitation of very much 
higher frequencies than was possible a decade ago h ave 
provided scientists with new tesearch tools of surprising 
versatility and power. The Division of Radiophysics is 
organized to carry out investigations in fields in which 
modem radio techniques have particular application. 
Chief among these are fundamental researches in cloud 
anti rain physics and radio astronomy-fields in which it 
bas already estaolisbed an itltethntional reputation. The 
Division is also concerned with the study of physical 
properties of semi-conductors, and especially the devices 
known as " transistots " which are initiating a major 
revolution in electronic techniques; with the development 
of radio aids to navigation; and with high-speed computa
tion by electronic means. 

T he Organization's researches on the propagation of 
radio waves under the direction of the Radio Research 
Board date back a long way in lhe history of radio and 
have contributed much to the understnnding of funda
mental conditions had processes in the ionosphere. The 
Board, which was established io 1!>27, co-ordinates the 
1'esearches of a group of permanent C.S.I.R.O. officers 
With allied investigatibnS in the Services, the Posttuas'tet
Oeberal's Department, and the universities. It fosters 
approved projects in the universities where stall and 
student interest exists. Liaison between the various 
bodies carryihg out research in the tadio field and those 
Who make Ilse of the results of this research is facilitated 
by a Consultative Committee on Radio Research. 
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The work of the D ivision of Radiophysics is outlined 
in Sections 5, 6, and 7 of this Chapter and in Chapter 
XXVIII., Section 8; Chapter XXIX., Section 3; and 
Chapter XXX., Section 3. That of the Radio Research 
Board is described in Section 8 of this Chapter. 

Dfrision of Radioplzysics.- The Division. i~ pr~
dominantly engaged in basic and applied investigations 10 
the field of rain and cloud physics, anti fundamental 
research in rndio astronomy. Some effort is being ~evoted 
lo the study of the physics of sem.i-co.nduc~ors, Ill pa:
ticular of transistors and their appltcat1ons m electroruc 
circuitry; and to some aspects of radio navigation and 
of the propagation of radio waves. 

The past year bas provided a sig~can.t forwa:d step 
in the Division 's rain physics inveshgat1ons, wit~ the 
initiation of the first carefully planned field experiment 
designed to test the efllcacy of airbo~ne seedi?g .with 
si lver iodide as a means of increasing rumfall. Highlights 
in radio astronomy have been outstanding work with the 
Division's Mills Cross; and further support for the pro
posed giant radio telescope in the form of a gift of 250,000 
dollars from the Rockefeller Foundation of New York, 
and smaller amounts from donors within Australia. Plans 
for this instrument have been advanced a further stage 
with the placing of a design study contract with a leading 
firm of consulting engineers in England, Messrs. Freeman, 
Fox & Partuers. 

The Chief of the Division, Dr. E. 0. Bowen, visited 
the United Kingdom at the beginning of the year to 
investigate problems connected with the engineering 
design of the giant radio telescope and to discuss problems 
ot cloud seeding with the British Meteorological Office 
and Imperial College. He also visited the United States 
of America by special invitation, to attend a symposium 
nt the University of Arizona on "The Scientific Basis for 
Weather Modification Studies", and to advise the United 
Stntes Weather Bureau on its hurricane research project. 
The opportunity was also taken to discuss radio telescope 
design studies now being initiated in the United States 
of America. 

The Assistant Chief of the Division, Dr. J. L. Pawsey, 
as President of the Radio Astronomy Commission of the 
International Astronomical Union, attended the General 
Assembly of the International Astronomical Union held 
in Dublin in August, 1955, and also a symposium on radio 
astronomy at Jodrcll Bank, Manchester, which preceded 
it. Dr. Pawsey was President of Section A at the meeting 
of the Australian and New Zealand Association for the 
Advancement of Science, held at Melbourne in August, 
1955. 

Mr. J. P. Wild, Senior Research Officer, also attended 
the International Astronomical Union symposium at 
Jodrell Bank and General Assembly at Dublin and then 
proceeded to the United States of America. at the invita
tion of several radio astronomy research centres anxious 
to benefit from his specialized knowledge and experience. 

Radio Research Laboratories.-Interest is in radio 
propagation and any factors affecting it, particularly in 
the region from 50 to 200 miles above the earth known 
as the ionosphere. Present researches include observa
tional and theoretical studies of upper atmosphere con
ditions and variations, mainly by radio methods. The 
information so obtained has always had important prac
tical application in improving the emciency of radio 
communication, and it is now becoming of increasing 
interest in examining its relation with meteorology and 
assessing its influence on projectional flight. 

The research work now in progress or planned will 
play an important part in the co-ordinated programme of 
world-wide investigations during tbe International Geo
physical Year in 1957-58. 

The Board's Chairman is also Chairman of the Aus
tralian National Committee of Radio Science appointed 
by the Academy of Science to maintain co-ordination 
with the Interna tional Union of Radio Science (U .R.S.T .). 

The recently occupied new premises at Camden, 
adjacent to the old ~cld station th~re, ~hic.h provide 
residential accornmodat1on for the Chief Scientific Officer 
and some of the staff as well as improved laboratory 
facilities and space for aerial systems, will greatly 
improve the efficiency of the Camden and Sydney 
investigations. 

2. CLOUD AND RAIN PHYSICS. 

(Division of Radiophysics.) 

This work is reported in Chapter XXVIJJ., Section 8. 

3. RADIO ASTRONOMY. 

(Division of Radiophysics.) 

This work is reported in Chapter XXIX., Section 3. 

4. MATHEMATICAL COMPUTATION. 

(Division of Radiophysics.) 

This work is reported in Chapter XXX., Section 3. 

5. RADIO PROPAGAT ION. 

(Division of Radiophysics.) 

The Division is represented on the Consultative Com
mittee on Radio Research which was recently formed from 
the principal organizations in Australia using radio com
munications and those engaged in radio research for 
the purpose of co-operative action towards the solution 
of problems arising in the use of radio communications. 
The Division is at present engaged on two such co-operative 
investigations. 

(u) Radio Noise Levels.-One important factor in 
limiting the usabili ty of a radio communication link is 
the interference produced by "noise... A survey of the 
radio noise levels throughout Australia is therefore being 
carried out. T he observations are being made by per
sonnel of the various user organizations at their own 
receiving sites, using modified communications receivers. 
T he Research Laboratory of the Postmaster-General's 
Department has undertaken the modification and calibra
tion of the necessary equipment. An officer of the Divi
sion who has had considerable experience in this field 
has undertaken responsibility for the scientific organi
zation of the project, and for the evaluation of the results. 

This co-operative venture is proceeding very satisfac
torily and should. in the few years necessary to obtain an 
adequate sample of conditions, provide a useful picture 
of noise levels lhroughout the Commonwealth and the 
islands to the north. 

( b) Comm1111icarion Anoma/ies.-Unexplained failure 
of communications have been reported between civil 
aircraft and ground stations operated by the Department of 
Civil Aviation. The aircraft were using frequencies 
(around 3 Mc/ s.) when, according to ionospheric predic
t ions, communication conditions should have been excel
lent. The D ivision will be responsible for a co-ordinated 
investigation of this anomaly, which is being attempted by 
recording continuously on a 24-hour basis the signal 
level over two similar communication links (set up by the 
D epartment of Civil Aviation), and by simultaneously 
observing ionospheric conditions by means of a pulse 
transmitter operated by the D ivision. 

6. RADlO NAVIGATION. 

(Division of Radiophysics.) 

Distance Measuring Equipment, a system originally 
developed by the Division which enables the pilot of an 
aircraft to determine his distance from radio " beacons " 
installed at known locations on the ground, is now in 
regular use on commercial air routes throughout Austral ia. 

The Department of Civil Aviation has indicated, in 
general terms, its requirements for the addition of facilities 
to the existing ch11in of D .M.E. stations, whereby a 
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pilot could also obtain his bearing from known ground 
stations. The Division is investigating means by which 
this desirable facility might be provided. A method 
holding some promise involves the use of a rotating antenna 
system, together with equipment in the aircraft which 
enables the phase of the signal received in the aircraft 
to be compared with that of a reference signal emitted 
by the transmitter, as a fixed point on the rotating antenna 
system passes through north. 

The design of an aerial mount capable of rotating at 
J,500 r.p.m. has been completed and equipment is being 
assembled so that tests may be carried out. 

7. SEMJ-CONDUCTORS AND TRANSISTORS. 

(Division of Radiophysics.) 

Intensive research into the properties and behaviour of 
materials which are neither conductors nor insulators
and hence are known as semi-conductors-has followed 
tbe discovery that devices of semi-conducting material
transistors-can be constructed whose characteristics 
render them eminently suitable for some fields of use pre
viously relegated exclusively to electronic valves. The 
Division is investigating the basic physical properties of 
semi-conducting materials, and the techniques required 
for producing this material in a form suitable for use in 
transistors. This involves the growth of single crystals, 
e.g. of germanium an d silicon, of extraordinarily high 
purity; the introduction in minute but controlled amounts 
of selected impurities to provide the desired properties; 
and the construction of sample quantities of transistors for 
test and measurement. 

(a) Fundamental lnvestigatio11s.- Experimcnta1 work 
has continued in three principal investigations: (i) the 
growth of monocryscals of germanium and silicon; <ii) the 
development of alloyed junction transistors capable of 
switching large currents; (i ii) the distribution of charge
carricrs in a semi-conduc1or under non-equilibrium 
conditions. 

In the growth of single crystals of pure germanium, 
special attention has been given to material of as high 
a degree of perfection as possible, particularly with 
respect to dislocations in the crystal structure. Work has 
also been done on the solidification of germanium (at 
temperatures well below the melting point of pure ger
manium) from alloys with clements such as indium. I t is 
found that the shape of the liquid-solid interface may 
readily be determined, and this bas been studied for growth 
in different crystallographic orientations. 

Small quantities of experimental junction transistors, 
both p-n-p and n-p-n types, have been fabricated by the 
alloying technique. The aim is to develop a transistor 
switch capable of passing a current of 40 amperes in 
the " on " condition, while passing negligible current 
under an applied potential of 25 volts in the " off" con
dition; the unit is required for the Division's programme in 
transistorized Distance Measuring Equipment. A p-n-p 
unit with these properties has been developed; further 
work is proceeding with the aim of reducing the switching 
time to a value of f microsecond. 

( b) Transistor Circuit Development.-Development of 
a transistorized version of the airborne Distance Measur
ing Equipment (D.M.E.) which is at present in service 
on Australian airlines is continuing. This equipment 
comprises a small pulse-transmitter capable of 400 watts 
peak power output at 206 Mc/s., a 224 Meis. receiver, 
and an automatic ranging unit with meter presentation. 
Many of the functions required in the D.M.E. involve the 
generation and manipulation of low-power pulses and 
can be carried out without great difficulty using transistors. 
Special problems are arising, however, where very long 
" memory " time-constants are required, and also where 
calibration accuracy is affected by the temperatt,1re sensi
tivity of the parameters of germanium transistors. How
ever, means of overcoming these difficulties are being 

found; and it is also expected that they will be minimized 
when silicon transistors become freely available. T he 
only position in which there is not prospect of using 
transistors in the foreseeable future is in the transmitting 
oscillator; a new principle will need to be discovered to 
extend the operation of transistors to the necessary fre
quency and power range. Encouraging progress is being 
made towards transistorization of the transmitter modu
lator where the problem is to generate pulses of 1 kW. 
peak power with a fast rise time. A switching transistor 
has been designed for the purpose but the " turn-on " time 
of models produced so far is still too large. The receiver 
will use a valve as local oscillator for the time being, but 
even this will be eliminated when experimental high
frequency transistors become readily available. 

The application of transistors in D.C. convertors is also 
being studied and an automatic power regulator for the 
Division's induction heater is under construction. 

8. IONOSPHERE. 

(Radio Research Board.) 
All long-distance radio propagation takes place through 

the ionosphere. The normal ionosphere is maintained in 
its ionized condition mainly by radiation from the sun 
and therefore shows daily and seasonal variations. These 
are now reasonably well known for most regions of the 
Earth. Less is known about the abnormalities, such as 
ionospheric storms, which disrupt r adio communication 
from time to time, particularly when sunspots are active on 
the visible solar disk. The method most used for studying 
the ionosphere involves reflection of radio signals. With 
techDiques now in use it is possible to record ionospheric 
conditions continuously and also to study disturbances 
Lravclling through the ionosphere and the moving ionization 
trails caused by meteors. 

(a) Regular Variatio11s.-Tbeoretical studies continue 
to increase the understanding of the regular processes in 
the ionosphere which are subject to diurnal, seasonal, and 
sunspot cycle variations. Recent deductions regarding the 
cITccts of diffusion have taken this another stage forward. 

(b) Winds and Moveme11ts.-The ionosphere is subject 
lo atmospheric winds and ionospheric drifts and to travel
ling disturbances which may be affected by either or both 
of these. Observation of movement by radio means is 
possible in the two main regions; the upper or F region 
150-250 miles above the Earth and the lower E region at 
a height of some 50-100 miles. 

StuJics of E region winds are in progress at Adelaide 
by observing meteors and at Brisbane and Sydney by 
observing moving patches of ionization. 

Recording the progress of travelling disturbances con
tinues to supply factual information concerning the F 
region. This is the main line of work at present at Sydney 
and Comden, mostly by day, and work has also been done 
along similar lines at Brisbane at night. Theoretical 
aspects of these results are under constant review. 

Radio has so far provided almost the only means of 
obtaining information from this region but rockets a.re 
likely to soon be reaching this height. , 

(c) Magnetic a11d Ionospheric Storms.-SOme erup
tions on the sun have delayed effects on the earth result
ing in variations in the magnetic field known as magnetic 
storms and associated effects in the ionosphere known as 
ionosphere storms. These affect radio propagation 
generally adversely, for periods up to three days after th~ 
commencement of the storm. Investigation by Board 
officers has shown that the radio effects can be predicted 
once a storm has begun, and the practical application of 
this information is being investigated in collaboration with 
the Iono~pberic Prediction Service of the Department of 
the Intenor. 
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xxvm. AT MOSPHERIC PHYSICS. 

1. GENERAL. 

T he Organization is undertaking a 01;11llber of. basic 
studies of the physics of the atmosphere with the ob1ect of 
attainin g a more fundamental understanding of the weather 
and the processes which control it. Meteorology is a 
public uti lity on which almost every phase of the c?m
munity life depends in some way. It already provides 
a wide range of services to the public, but these can 
prosper and improve only against a background of basic 
research into the many problems yet unsolved. Further
more, Australian scientists have played a leading part 
in a series of experiments in rain physics, which couJd lead 
to results of great interest for a continent such as Aus
tralia which lacks adequate water supplies over wide 
areas. 

The Organization's major investigations in the field of 
meteorology are undertaken by the Division of .Meteoro
logical Physics at Aspendale, Victoria. This work includes 
studies of dynamic meteorology, general circulation, con
vection, and micrometeorology, including its application 
to frost prevention (see Sections 2-7 of this Chapter). 
The Division of Radiophysics, on account of its access to 
the radar techniques employed in this work, is engaged in 
a careful scientific study of the processes in nature which 
give rise to cloud and rain, and of possible methods of 
stimulating rainfall by artificial means (see Section 8 of 
this Chapter). 

Division of Meteorological Physics.-The Division aims 
at closer understanding of the behaviour of the atmo
sphere, both to improve the prec.liction of its effects and 
to· utilize them to the greatest advantage. 

Meteorology is an international science, and inter
national aspects of the work bave continued to receive 
attention. The World .Meteorological Organization has 
in recent years set up working groups in special subjects, 
and the Chief of the Division is a member of that on 
microclirnatology, chairman of the newly formed group 
on atmospheric dlliusion, and a member of the executive 
committee of the International Meteorolo~ica l Association, 
otle of the <.livislons of U.G .G.I., while Mr. W. C. 
Swinbank has been appointed to the ozone commission 
of that body. The decision of U.N.E.S.C.O. to hold a 
conference on Climatology of the Arid Zone in Australia 
later this year is a recognition of the country's stake in 
and contribution to this field. 

Work has begun on the extension to the Division's 
building at Aspendale, Victoria, to provide more space 
particularly for physical laboratories, the instrument work
shop, ahd art adequate synoptic laboratory. The wind 
tunnel room was completed and the wind tunnel installed, 
with the addition of a smaller working section to give 
air speeds up to 55 m.p.h. 

2, GENERAL CIRCULATION. 

(Division of Meteorological P hysics.) 

The studies of the genei'a1 circulation previously 
reported have been temporarily set <iside to allow a 
greatet concentration on problems of more immediate 
local significance lo the Australian region. 

3. DYNAMIC METEOROLOGY. 

(Division of Meteorological Physics.) 

(a) Large-scale Circ11/atio11.-The study of interactions 
between monsoonal and general circulations in the Aus
tralian region is being extended to lhe trade wind regime 
anti tbc distribution of rainfall over the continent. 

Special obs::?rvations on " cool changes " from a large 
number of places in south-east Australia have now been 
taken for two summer seasons. These have been collated 
with the more routine observational data, and the statistics 
of the phenom~noh over the \\tholo regioh are being built 
into a semi-climatological survey. It has been found that 

the speed of movement varies through the day, and this 
results iu the change tending to occur at preferred times of 
day, which vary comparatively linle from place to place. 
Upper wind observations at the coast show that the 
sloping frontal surface (shear zone) is distorted, and this 
bears on the complex problem of the multiple structure 
of these changes. Intensive field work was carried out in 
a wide region centred on Mount Gambier in January, 
1956, in co-operation with the Bureau of Meteorology and 
voluntary helpers, supported by a temporary increase in 
the network of local recording stations. 

A quite strong vertical circulation has been found to 
occur near the elevated part of the shear zone. This 
may well derive much of its energy from surface heating 
and affect the speed of movement of the changes. 

A general method has been developed for calculating 
energy change~ involved in disturbing a dry atmosphere 
and which has application to the above problem and to 
that of frost prevention1 among others. 

(b) Wind and Pressure Surges.-Wind surges are a 
fe:Hure of many regioliS of interest, particularly in 
Antarctica where their suddenness and violence has 
hitherto defied explnnation. A hew dynamical treatment 
of k<itabatlc (downslope) flow accounts for the discon
tinuity and associated phenomena, and should prove 
relevant to the genesis of discontinuities in other regions. 
A formula has been developed for tbe position and charac
ter of the jump in terms of conditions up- and downstream. 

The South Australian field data provided useful infor
mation on the behaviour of penetrating sea-breezes and 
should help to explain late-evening wind surges in places 
such as Renmark and Kalgoorlie. 

A sensitive miorobarograph has been constructed for 
the observations of pressure jumps, &c. associated with 
cool changes. Pulses caused by H-bomb explosions at 
Dikini Atoll (distance 3,500 miles) have been recorded. 

4. CONVECTION. 

(Division of Meteorological Physics.) 
The solution for the velocity and temperature field 

above a continuous source of heat in calm conditions has 
now been adapted to provide a working so1ution under 
conditions of wind. Fair agreement is obtained with 
measurements on plumes from factory chimneys and 
smaller sources, and a basis now exists for estimates 
under qwtc general conditions in the many problems 
(atmospheric pollution, frost prevention, flying condi
tions, rain physics, alr conditioning) in which convection 
plays a part. 

This solution is capable of accounting for the quite 
sudden change in mechanism of heat transfer from 
ground to air which occurs with decrease in wind speed. 
Further measurements of heat flux made in extreme 
conditions of strong heating and light wind confirm a 
formula suggested previously, and the rate of transfer may 
now be predicted from measurements of wind and tem
perature gradient near the ground. 

5. MrcROMETEOROLOOY. 

(Division of Meteorological Physics.) 

The principal aim has been, through detailed observation 
of the fine structure of temperature, water vapour con
tent, and motion, to study the turbulent mechanisms which 
achieve the interchange of heat, water vapour, and momen
tum between atmosphere and earth. 

Earlier work has been consolidated during the pasl 
year. In particular, the transfer coefficients for water 
vapour and momentum have been found to be approxi
mately equal and, in unstable conditions, both substantially 
less than that for heat transfer. Further spectral analysis 
indicates that, in the transition state between free and 
forced <::onvection, there are air motions with horizontal 
scale greater than in llny otbet condition, being several 
times larger than the height above ground. 
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The question of response time has been under further 
investigation. While 2-sec. galvanometers have been 
found adequate for flux measurements a t heights above 
2 m. in light winds, at lower heights and in stronger winds 
some decrease in response time is necessary. 

There is a pressing need in agricultural . research for 
an accurate, automatic method of measuring evaporation 
from natural surfaces, including growing crops, over 
varying time intervals. Such a method, based on 
techniques developed for turbulent transfer studies in the 
Division, has reached an advanced stage of development, 
and field trials with a prototpye model have now begun. 

There is some evidence that, in conditions of strong 
convection, the strong temperature gradient near the 
ground changes to approximately zero gradient at an 
unexpectedly low level, sometimes as low as 10 m. 
Further measurements of the temperature profile up to 
100 m. arc being made from a kite balloon. 

Since most of the Earth's surface is water, more funda
mental knowledge is required of the sources of atmospheric 
energy, water vapour, and motion from interaction with 
the ocean; there is a reciprocal interest in atmosphere as a 
controlling factor in ocean currents and temperatures, and 
so in fisheries' problems. Micrometeorological observa
tions have been made during October, 1955, from the 
F.R.V. Derwent Hunter operating in Port P hillip Bay and 
the nearby waters of Bass Strait. A large number of wind 
profiles up to 45 feet have yielded useful information on the 
frictional stress between atmosphere and ocean, which 
will find application in the study of wind-driven ocean 

. current systems. Records of the turbulent fluctuations of 
wine.I and temperature were also taken, preliminary to the 
measurement of heat exchange between the sea and 
atmosphere. 

The Division has acted in an advisory capacity for 
problems relating to primary production and has 
undertaken the construction of special apparatus for a 
number of other D ivisions and institutions outside the 
Commonwealth Scientific and Industrial Research 
Organization. A small group has been formed to 
promote this activity further. The development of 
instrumentation for a mobile microclimate station is well 
advanced. The Division provides for outside bodies a 
calibration service for anemometers and air meters. 

Work has started on the installation of a battery of 
12 large (diameter 5 ft. 3 in.) lysimeters, intended primarily 
for the study of evapotranspiration under controlled soil 
mois ture conditions. Later work envisaged embraces a 
wide range of problems, mainly of agricultural interest. 

6. FROST PREVENTION. 

(Division of Meteorological Physics.) 

The current series of trials on the use of wind machines 
for frost prevention were completed during the year. The 
final points to be investigated were the effects of air jct 
height and of crop type on the area covered. 

The coverage has been found to increase with increasing 
height of the air jet, but the performance of the machines 
appears to be largely independent of the crop type, pro
vided the mixing action of the jet penetrates adequately 
to ground level. 

7. 0ZONB lNVESTIOATJONS. 

(Division of Meteorological Physics.) 

Atmospheric ozone, though small in total amount, 
makes an important contribution to the radiation balance 
of the atmosphere, and there is a close connexion between 
ozone content and latitude, season, and synoptic situation. 
Measurements have been made for some years under 
international auspices in a number of countries, mainly in 
the northern hemisphere. The three Dobson spectro
photometers in Australia have now all been adjusted and 
calibrated in the Division, and regular measurements have 
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been made at Aspenda.le during the past year. It .is 
proposed to continue these, and the other instruments will 
be installed soon a t Macquarie Island (52° S., 159' E.) and 
Brisbane (27 ° S., 153' E.) in collaboration with the Aus
trnlian National Antarctic Research Expedition and the 
Bureau of Meteorology respectively, in preparation for 
observations during the International Geophysical Year. 

8. CLOUD AND RAIN PHYSICS. 

(Division of Radiophysics.) 

The experimental investigations of the physical pro
cesses responsible for the formation of cloud and ram 
which were initiated in the Division in 1947-following 
the successful demonstration that some clouds could be 
induced to rain by artificial means-have been actively 
continued. The original objectives were to provide a 
sound background against which this potentially important 
discovery might be assessed, and an indication of whether 
or not it might be possible to produce economically 
significant increases in rainfall by artificial means. 

While related work has also been. proceeding in other 
countries of the world, it is largely as a result of investiga
tions carried out in Australia that the basic problems 
involved are now more clearly understood. There are 
two quite separate processes by which rain occurs in 
Nature: 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 work, described in earlier Reports, has estab
lished the vital role played in both types of rain by certain 
minute dust-like particles in the atmosphere known as 
·· nuclei " and has demonstrated that by supplying appropri
ate substitutes when naturally occurring nuclei are absent 
or ineffective, rain may be induced anificially. There are 
indications that supercooled clouds are the more important 
from the point of view of artificial rainmaking. Work 
has therefore been devoted during the past year, for the 
most part, to a detailed study of the nature and occur· 
rencc of natural " freezing" nuclei (which arc responsible 
for initia ting rain from supercooled clouds) and to field 
experiments designed to show whether useful increases in 
rainfall may be induced by the use of the most effective 
source of artificia l freezing nuclei yet discovered, viz .. 
silver iodide. 

(a) Cloud Formation and Cloud Properties.-(i) 
Warm Clouds.-" Project Shower ".-The Division has 
been responsible for editing and preparing for publication 
the observations made by the numerous individual parti
cipants in this interesting co-operative study of the 
processes involved in the formation of warm rain which 
was carried out in Hawaii. This task has now been 
substnntia lly completed. 

(ii) Cloud Droplet Spectra.- Measurcmcnts of the size 
and concentration of droplets in maritime and continental 
cumuli show a systematic difference, the droplet concen
tmtion being higbcr by a large factor in continen~al 
cumuli. While the speed of updraught is one importan: 
factor in determining the droplet spectrum in a cloud, it 
is insufficient to explain the marked contrast between 
cumuli formed over land and over sea. The presence of 
giant sea salt nuclei in maritime clouds also appears 
unable Lo account for the differences found, which ma} 
arise from the presence of droplets of intermediate size. 
at present beyond the range of existing measurement 
techniques. 

(iii) Electric Charges on Cloud Droplets.-Experi
ments in the laboratory have shown that the rate of 
coalescence between droplets can be markedly increased 
by introducing charges of opposite sign, and reduced by 
charging all droplets to the same sign. Coalescence, and 
hence the liability to produce rain, in a natural cloud is 
likely to be modified if the droplets become charged. 
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Preliminary experiments were initiated last year to 
determine whether the droplets present in natural clouds 
do, in fact, carry electric charges. A method has been 
developed in which the paths taken by cloud droplets ar,e 
photographed as they fall through a region in which an 
electric field is set up. The electric field is reversed at 
periodic intervals, which results in any charged particles 
executing a zig-zag path, from which the sign and magni
tude of the charges on each drop can be determined. The 
results obtained with improved and more sensitive equip
ment operated on a mountain summit showed that a higb 
proportion of the droplets sampled in liquid water clouds 
consistently carried positive charges; and that it was only 
in clouds containing ice crystals that negative or mixed 
charges were found. It seems likely, therefore, that elec
tric charges may play an important part in the physics 
of rain formation. 

( b) Rain.- During the past year convincing evidence 
has been found that naturally occurring freezing nuclei
the minute aerosols which provide the essential triggering 
action that causes supercooled clouds to rain- are much 
more abundant and active on some days than on others, 
and that this occurs on the same days at widely separated 
localities, apparently on a world-wide basis. That this 
discovery is likely to be of far-reaching importance to 
practical meteorology is indicated by the fact that these 
days of high nucleus count appear to be fixed in relation 
to the calendar and occur on or close to the calendar dates 
on which, taken over a long period of years, more rainfall 
has already been shown to have occurred. 

(i) Measurement of Freezing Nucleus Concentration.
Freezing nucleus measurements have been made in pre
vious years by estimating visually the numbers of ice 
crystals formed when samples of the outside air are 
admitted to a " cold box " fitted inside an aircraft. The 
ice crystals are detected by the scintillations produced in 
a strong beam of light, but the observations are subjective 
and it is difficult to distinguish ice crystals from other 
particles with certainty. An improved technique has been 
developed during the year which does not have these 
disadvantages, and is likely to become generally adopted 
for freezing nucleus measurements. In this method ice 
crystals formed in a cold chamber are allowed to fall into 
a shallow layer of a solution of sugar in water, which 
has been supercooled by a few degrees. They then grow 
rapidly (but at a rate which can be controlled) and after 
about one minute are large enough to be counted easily 
and accurately. The equipment itself is relatively simple 
and portable; numerous tests with it show that measure
ments may usefully be made at ground level at sites free 
from contamination by low-level dust, smoke, and other 
pollution. 

(ii) Variations in Freezing Nucleus Concentration.
Last year it was reported that the nucleus count during 
the month of J anuary was substantially higher on some 
days than on others, and that the maxima apparently 
occurred simultaneously at widely separated localities, 
This has been confirmed by further measurements 
organized by the Division and made in Australia, South 
Africa, and California, United States of America, during 
January, 1956. 

A particularly complete and striking series of measure
ments covering the period November, 1955, to February, 
1956, was carried out at Carnarvon, Western Australia, 
this site being chosen because of its freedom from cloud 
and rain at that time of the year, and because the pre
vailing on-shore wind ensured that the air would be free 
from pollution by dust and smoke. These showed features 
similar to those previously observed for the month of 
January, namely, periods of minor variations separated by 
brief periods when the nucleus count attained abnormally 
high values. T he dates of the latter were not related to 
local wind and weather over the region, but were in close 
agreement with those on which, over a period of years, 
substantially more and heavier rainfall bas been recorded. 

/ 

It was also found that the number of occasions on which 
high cloud of cirriform type was reported over Western 
Australia was markedly greater around the dates on which 
the nucleus count was observed to be high. 

(iii) Meteoritic Dust and Rainfall.-Examination of 
rainfall data covering long periods from additional places 
throughout the globe lends further support to the revolu
tionary theory, reported last year, that rainfall tends to be 
greater on certain " preferred " dates of the calendar year; 
and from the fact that these dates occur approximately 
30 days after the Earth's passage through the orbits of 
the various meteor streams known to belong to the solar 
system, the cause is probably the minute particles of 
meteoritic dust which enter the Earth's outer atmosphere 
at those times, and slowly settles to the lower cloud-bearing 
levels. The measurements of freezing nuclei reported 
above are obviously consistent with this theory. 

Attempts are being made, by more direct physical 
methods, to check whether meteoritic dust is, in fact, 
responsible. One series of experiments is designed to 
detect the presence of dust layers and to trace their 
passage through the atmosphere by observing whether 
there are discontinuities in the amount of sunlight scattered 
at various heights. Preliminary results indicate that 
increased scattering can be detected at great heights, and 
that there appears to be a tendency for this to be more 
marked near days of known meteor showers. More sensi
tive equipment bas been designed and the observations are 
being repeated. Samples of the nuclei are also being 
collected from aircraft at high altitudes for careful 
chemical and physical analysis. 

ln order to provide current information on the incidence 
of meteor showers, particularly those which are observable 
only in the southern hemisphere, regular observations by 
radio methods are being carried out with equipment 
developed by and installed at the University of Adelaide, 
by an officer of the Division stationed at Adelaide. 

( c) Artificial Rain Formation.-Experiments described 
in previous Reports have suggested that seeding of super
cooled clouds with artificial freezing nuclei offer the most 
economically attractive method of inducing worth-while 
increases in rainfall. Silver iodide is the most effective 
source of such nuclei yet discovered. During the past year 
cloud seeding with silver iodide bas been carried out on a 
routine basis in two selected areas. Further tests have 
also been made on the behaviour of silver iodide nuclei 
in the atmosphere. 

(i) The Properties of Silver Iodide.-The method 
almost universally used in commercial rainmaking opera
tions in other countries bas been to burn a solution of 
silver iodide in a "smoke generator" on the ground <so 
called because it produces a "smoke " consisting of minute 
crystals of silver iodide), and to assume that air currents 
and general turbulence will carry the material to high 
levels in the atmosphere. Previous work by the Division 
has shown that this assumption is unjustified, and that 
silver iodide particles released at ground level do not, in 
general, diffuse to. big~ .altitudes-and, equally important, 
they may lose their ability to form ice crystals soon after 
leaving the generator. 

Both these aspects of the behaviour of silver iodide have 
been carefully checked by further tests during the past 
~ear, du:ing whi.ch it :-vas sh.own tha~ whereas the decay 
m ~ffect1veness 1s rapid dunng daylight, it is negligible 
dunng hours of darkness. The implications are, clearly 
that if seeding with silver iodide is to have a reasonabl~ 
chance of success the particles must be generated under 
con.ditions which ensure that they reach the supercooled 
regions of the atmosphere as soon as possible after release. 
The most effective way of doing this is to release the smoke 
at the appropriate level in the atmosphere, and special 
generators that can be fitted to aircraft have been designed. 
Techniques f~r cbeck~g the actual ~utput of these gene
rators when m operation, by detecting the silver iodide 
smoke in another aircraft and measuring its activity and 
distribution, are being developed. 
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(ii) Cloud-seeding Operations with Silver lodide.-Two 
cloud-seeding operations have been set up in separat~ 
areas of south-eastern Australia. 

(1) The Kicwa P roject is designed to test whether 
useful results may be obtained with a silver iodide ground 
generator when sited under the most favourable con
ditions, i.e. in a high mountain area where the necessary 
updraughts to carry the seeding material rapidly to high 
altitudes might be expected to occur. Jn co-operatiori 
with the Victorian State Electricity Commission a ground 
generator is being operated on Mt. Stanley (3,400 feet) 
io north-eastern Victoria, the objective being to determine 
whether increased precipitation is induced over the 
Kiewa Catchment area. The generator bas been operated 
on suitable occasions, i.e. when cloud bas developed a.nd 
the wind is from the appropriate quarter (approximately 
north-west) , since 1954. No significant effect on the 
rainfall over the target area was disclosed after fifteen 
months' operations. The output of the generator has 
therefore been substantially increased, and the experiments 
will be continued at the new output rate for a further 
year or more. 

(2) The Snowy Mountains Project is being conducted 
in co-operation with the Snowy Mountains Hydro-elec
tric Authority, over a portion of the area controlled by 
the Authority. It was initiated in June, 1955, and will 
continue for a period of several years. Seeding is being 
carried out over a defined " target " area by means of 
silver iodide smoke generators mounted in the Division's 
experimental Avro Anson aircraft. and the rainfall over 
this area is compared with that which falls on an adjacent 
unseeded •· control " area. 

The weather in this region may be divided into well
llefincd na1ural periods determinl!d by the passage of 
successive pressure systems. Seeding, however. does not 
take place during every such period, but only during 
those which have previously been selected on an entirely 
random basis. The experiment has been designed in 
tbis way in order to provide the best possible chance 
of detecting any effects due to the seeding, the essential 
comparison between the natural rainfall over the target 
and control areas being obtained from the data derived 
uuring periods when no seeding takes place. 

The operations will need to continue for a long 
period before results of reliable significance can be 
expected, but there are indications that the rainfall over 
the target area has been greater during the seeded periods. 

(c) Electrical Tec/111iq11es.-Preparations are being 
made to check whether it may be practicable to increase 
the coalescence rate within a cloud to the point where 
rain is induced, by artificially charging cloud droplets 
to opposite polarities. This has been suggested as 
feasible ns a result of other work by the Division which 
has established that the coalescence rate between droplets 
is markedly increased in a population of mixed charges, 
and that natural clouds tend to contain only droplets 
which are posi.tively charged. 

Equipment to develop tbe very high voltages required 
has been designed and tested, in readiness for fitting within 
the bomb compartment of a Lincoln aircraft, made avail
able through the co-operation of the Royal Australian 
Air Force. 

XXl X. EXTRATERRESTRIAL PHYSICS. 

1. GENERAL. 

The new science of radio astronomy-the study of the 
universe by means of radio waves-is now recognized as 
an important and integral part of astronomy itself. Apart 
from providing information which supplements that 
obtained by optical methods, it has led to entirely new 
discoveries which could not have been made by the 

methods of classical astronomy. A more recent develop
ment, which is certain to shed light on the origin and 
structure of galaxies-including that to which the Earth 
belongs-is the discovery of a radio " spectral line " at a 
wavelength of 21 cm., due to atomic hydrogen. 

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 ionosphere 
are carried out by the Radio Research Board (see 
Chapter XXVIl., Section 8). Work on solar radiation 
is carried out by the· Division of Physics (see Section 2 
of this Chapter) and cosmic ray investigations at the 
University of Tasmania (see Section 4 ) . 

2. SOLAR PHYSICS. 

(Division of Physics.) 

(a) Theoretical Studies.-Theoretical methods have 
been developed for predicting the strengths of various 
spectral lines emitted or absorbed by hot atmospheres in 
the absence of thermodynamic equilibrium, and applica
tion has been made to the interpretation of the spectra 
of prominences and flares. A consistent picture has 
emerged from an analysis both of the hydrogen Ha and 
helium D3 prominence lines, showing that the prominence 
temperature is normally in the range 10 • to 2 x 104° K., 
with electron concentrations in the range of 1010 to 5 x 
io10 cm.-3; and that the ratio of the abundances of helium 
and hydrogen atoms is in the range 0.12 to 0.4. For the 
spectral Jines Ha and D3 the major part of prominence 
emission turns out to be due to scattering by the pro
minence of radiation incident on it from the solar disk. 

An analysis of present data shows that in flares also 
the temperatures lie normally in the range 10 1 to 1.5 x 
104° K., but the electron concentrations are higher than 
in prominences. and are in the ra nge 5 x I 011 to 1013 
cm-'. 

(b) Chromospheric and P1omi11e11ce Observations.
Since the beginning of 1956, H,4 filtcrgrams have been 
obtained on 35-mm. film at half-minute intervals on a 
routine basis. Co-operation has been maintained with 
the Fraunhofer Institut, Freiburg, in the supply of daily 
Ha. filtergrams for incorporation in their daily charts of 
solar activity. 

P reliminary studies of chromospheric granulation have 
shown that there is no significant correlation between 
elements spaced further than 3 x 1 Qt km. apart, and that 
the life- time of individual granules is of the order of 
5 hr. 

(c) Solar Physics Field Station.-During the year a 
field station has been in the course of erection at Fleurs, 
some 30 miles west of Sydney, to facilitate high-resolution 
cinematography of the solar chromosphere and photo
sphere. 

3. RADIO A STRONOMY. 

(Division of Radiophysics.) 

The D ivision of Radiophysics now bas in operation a 
unique collection of powerful instruments for the study 
of radio astronomy; the solar radio spectrometer, the 85 
Meis. Mills Cross (1,500 feet in extent), and a new 
19 Meis. Mills Cross of 3,500 feet. The original multi· 
element interferometers used for the study of the Sun 
have been dismantled and are being replaced by a multi· 
element cross which utilizes the principles of the Mills 
Cross. It will scan the Sun, television-wise, and will 
provide a day-by-day picture comparable in detail with 
that given by the human eye. All these instruments were 
devised in the Laboratory; all are being copied in the 
~Joited States.. In a few years' time, when the existing 
mstrumeots will have mostly completed their useful func
tions, the giant radio telescope will become available. 
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As mentioned in Chapter I. and Chapter XXVII., 
further generous donations including 250,000 dollars from 
the Rockefeller Foundation, have made it virtually certain 
that adequate fu nds will become available for the pro
jected giant radio telescope. In consequence, work on 
the design bas been initiated with the placing of a design 
study contract with the well known London firm of con
sulting engineers, F reeman, Fox & Partners. 

(a) Radio Waves from beyond tlie Solar System.
Two types of radio waves are received from beyond the 
solar system; one which is observable over a wide range 
of wnvelengths but which is stronger a t longer wave
lengths; and the other, a radio "spectral line " at a wave
length of 21 cm., arising from interstellar hydrogen. Out
standing observations of the former arc in progress using 
the two Mills Crosses, and are giving a wealth of detail 
concerning the discrete sources and the background 
radiation. 

The 1,500-ft. cross, which bas a beam width of 50 
minute arc at its wavelength of 3i m., bas now been in 
operation for two years, and a systematic survey of the 
sky visible to it is well advanced. The observations of the 
general survey are partly reduced, and n large number of 
particular problems have been investigated. This is the 
first time such a detailed survey including both the discrete 
sources and Lhe background has been possible. H owever, 
a survey of the discrete sources on a similar wavelength 
was recently completed at Cambridge. T he results of 
this survey disagree grossly with the D ivision's interim 
results and every effort is being made to t race the cause 
of the discrepancy. So far no evidence casting doubt on 
the Sydney results has been found. Unless these results 
are indeed wrong, spectacular cosmological conclusions 
drawn by the Cambridge workers from their obsei;vations 
are meaningless. 

In the course of the observations a large number of 
particular objects have been examined. For example, a 
considerable fraction of the nearer external galaxies were 
identified, sufficient to provide some statistical indication 
of the emission characteristic of the various types. 
Similarly, a number of emission nebulae (regions of 
glowing hydrogen) were examined nod found either in 
emission or absorption, depending on whether the back
ground was brighter or duller than the nebula. 

As a part of the survey, the region in Sagittarius, the 
direction of the galactic centre, has been investigated, and 
brightness contours have been plotted. Previous observers 
bad obtained discordant results. The survey showed that 
observers at different wavelengths had been observing 
different things; those at shorter wavelengths a region of 
ionized hydrogen, those at longer wavelengths an extended 
region of non-thermal emission. 

The limit of resolution of this cross is 50 minutes of 
arc, while many of the discrete sources are a minute of 
arc or less in extent. A parallel set of observations was 
therefore undertaken at about the same wavelength using 
a radio-link interferometer with a base-length of several 
kilometres. About 70 discrete sources could be observed. 
This type of measurement should be extended to fainter 
sources, and it is planned to do this using larger aerials. 

A second extension of these observations is to repeat 
them at very diliercnt wavelengths. This is analogous to 
photographing the sky in red and in blue light. A second 
cross working on 19 Mei s. is just completed and pre
liminary observations have begun. T his instrument is 
3,500 feet long and has a beam width of about l t°. 

Turning now to the line radiation from interstellar 
hydrogen, work is proceeding on a study of the distribu
tion of hydrogen in the southern Milky Way. The extensive 
observations necessary are nearing completion and arc 
giving, when taken in conjunction with the complementary 
work carried out at Leiden for the northern hemisphere, 
a comprehensive picture of the sp iral st ructure of our 

galaxy. Because of the great n umber of observationl> 
required for such a study the work is necessarily proceed
ing slowly. A new receiver which observes the complete 
line profile simultaneously is nearing completion, and 
should permit similar observations in the future to be 
completed much more quickly. 

(b) Solar R,adio Waves.-The Division of Radlo
physics bas pioneered two main lines of development in 
solar radio astronomy; the study of the spectra of metre
wavclength solar bursts, and studies of very high resolu
tion of Lhe distribution of radio brightness over the solar 
disk at decimetre wavelengths. In both fields equipment 
is being further developed to increase the effectiveness of 
the observations. Both sets of observations are very 
relevant Lo the recording of solar activity which is n eces
sary for the proper understanding of the geophysical 
observations to be made all over the world during the 
International Geophysical Year. Neither has previously 
been attempted elsewhere, althougb similar but not 
identical equipment will be set up in America in the near 
future in order to try to extend the hours during which 
the Sun can be observed each day. 

The radio spectrometer is being extended by the provi
sion of facilities for observing both polarization and the 
place of origin on the Sun. The first is desirable because 
the emission may be associated with solar magnetic fields, 
and polarization is an indicator of this; the second 
because the spectrum observations have suggested that 
certain disturbances arise in explosively ejected streams of 
gas, and it should be possible to verify this by directional 
means. Initial observations of both polarization and 
position have been made, but the system requires altera
lions so as to be capable of an extended series of 
observations. 

The instrument for observing the detailed brightness 
distribution over the Sun at a wavelength of 21 cm. 
combines the principles of the Christiansen multi-element 
interferometer and the Mills Cross. It will consist of two 
rows, each of 32 parabaloids of 19-ft. diameter, arranged 
in the form of a cross. Each row is 1,240 feet long. The 
system gives a number of pencil beams in the sky, each 
2 minutes of arc in diameter. Successive beams will scan 
the Sun, television-wise, and will build up a picture of 
what it looks like while using radio waves, i.e., a radio
heliogram of tbe Sun. Preliminary work on the Sydney 
model is complete, and lhe erection of the aerials is now 
proceeding. 

Routine observations at single frequencies are being 
continued, and similar observations from all over the 
world are edited in this D ivision prior to publication in 
lhe International Astronomical Union's Bulletin on Solar 
Activity. 

(c) Radio Waves from Jupi1er.-Early in 1955, workers 
in America discovered that Jupiter emits radio waves, but 
tbe nature of the emission was a mystery. Equipment to 
search for the waves over a number of b'ours each day 
wns set up near Sydney, and a number of old records o f 
cosmic noise taken at times when J upiter was in the beam 
of the aerial were examined. It was discovered that the 
strong emission occurred infrequently and spasmodically. 
but the limes when it was observed were correlated with 
fopiter's rotation. In fact, over a period of months, emis
sion was observed only when a particular section of 
J upitcr was facing the E arth. I t follows that the emission 
at that time was restricted to a small area on the planet. 
quite unlike, for example, the distributions of thunder
storms over the Earth. Other facts were gathered-the 
frequency of occurrence, variation with waveleo!rth 
~egrcc _of polariza~on, and so on-but they are, so far: 
msuffic1cnt to provide an explanation of the mechanism 
of emission, which is a greater mystery than when it wa~ 
discovered. 
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(ii) Etectrcmag11ettc Theory,:_The mechanism of 
origin of solar and cosmic radio waves is not yet properly 
understood, but contributions which are probably 
important arise from high-energy electrons moving in 
magnetic fields. Consequently, the study of phenomena 
~n highly rarefied gases in the presence of magnetic fields 
is related to radio astronomy. It is a1so significant in 
many other branches of astronomy. Such studies ate in 
progress and have led to important generalizations con
cerning the types of waves which can occur in such n1edia. 
They have also given evidence for a cause of heat dis
sipation which may be important in the heating of the 
$Olar corona. 

4. CosMIG RAY RESEARCH. 

(University of Tasmania.) 
Outing the preseflt financial year funds provided by the 

Organlz:ition are being used mainly to provide tbe 
salaries of part-time assistants carrying out the analysis 
6f ~ata obtained from equipment in operation at Hobart 
and the re-exAmination of past results from Antarctic 
bases of the Australian National Antarctic Research 
Expedition. Work on the following topics is being assisted 
in this way by the Organization. 

'the diurnal variation of the east-west difference and 
the long-term drift in the value of the east-west asymmetry 
of cosmic rays have been investigated. A paper on the 
first of these projects was presented in September, 1955', 
at an international conference on cosmic rays at 
Guaoajuato, Mexico. 

A diurnal variation of the pressure coefficient for the 
penetrating component of cosmic rays has been observed. 
A paper on the implications of this in the correction of 
data for atmospheric effects should be ready for publication 
in the near future. 

Preliminary work has commenced on the calculation of 
the trajectories of particles arriving at the earth from 
various directions after deflection in the earth's magnetic 
fielc!. This is important in its application to the interpreta
tion of solar flare effects, such as occurred on 23rd 
February, 1956. A paper on the observations at Hobart 
Macquarie Island, and Mawson during this event has bee~ 
accepted for publication. 

XXX. MATHEMATICAL STATISTICS AND 
MATHEMATICS. 

1. GENERAL. 

Mathematical work plays an important part in all phases 
of the Organization's research programmes. A separate 
Div.ision of Mathematical Statistics is maintained to pro
vide 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 4 of this 
Chapter). Work on computing equipment is also under
t51keo in the Division of Radiophysics (see Section 3 of this 
Chapter). 

i . D rvlSION OF MATHEMATICAL STATISTICS. 

In the period under review, only one major change has 
been made in Divisional organization. Responsibility for 
the former collaborative investigations with the Division of 
Animal Health and Production, on breeding and genetical 
studies in sheep, has been undertaken entirely by the latter 
bivision, and the staff concerned have accordingly been 
transferred. 

Advisory assistance has been provided to an increasing 
extent to the personnel at each Divisional centre, and to 
Government departments, private research workers, and 

others. Investigations associated Witli various asvect'S of 
the Organization's programme ate discussed elsewhere ifl 
this Report. Recent developments in the Division's owtt 
research interests include multivariate analysis; applications 
of the theory of group representations in experimental 
design; the analysis of farm survey data; statistical quality 
control: sigtiillcance tests for discriminant functions; and 
futtber Work 011 the intercorrelations of rainfall at given 
observing stations, with the object of increasing the 
accuracy of prediction at intervening points. 

Great stimulus resulted from the visit, at C.S.LR.O.;s 
invitation, of Professor M. G. Kendall, Professor of Statis
tics, and Director, Division of Research Techniques at 
the London School of Economics. Professor Kendall 
spent the major part of his time in C.S.l.R.O. laboratories, 
discussing problems with Divisional staff, and addressing 
small gatherings on specialized topics. His visit culmi
nated in a conference on mathematical statistics (the first 
of its kind to be held in Australia) , in Melbourne, which 
was attended by interstate representatives from statistical 
and mathematical departments of universities and other 
interested bodies, along With the staff of this Division and 
other officers of the Organization. 

Interest and stinmlation were maintained when, im
mediately following Professor Kendall's visit, Professor 
S. S. Wilks, Professor of Mathematical Statistics at 
Princeton University, United States of America, came to 
Australia, under the sponsorship of the Carnegie Founda
tion, for the specific purpose of studying the teaching of 
statistics in the universities, and tesearch in Mathematical 
Statistics in C.S.I.R.O. 

3. MATHEMATICAL C OMPUTATION. 

(Division of Radiophysics.) 
Following the decision made last year to transfer on loan 

to the tJniversit}' of Melbourne, the electronic computer 
developed by the Division of Radiophysics, the machine 
has been erected by the Division at its new site, and was 
formally handed over to the University of Melbourne at an 
official opening on 14th June, 1956. It will be operated 
jointly by the Departments of Mathematics and Physics. 

4. MATHEMATICAL INSTRUMENTS SECTION. 

The Section bas continued to work in close co-operation 
w~th the Electrical Engineering bepartment of the Univer
sity of Sydney in both aspects of its research programme, 
which involve the operation of the differential analyser and 
the development of new equipment. 

The major problems solved by using the differential 
analyser were: (a) a continuation of the power system 
stability problem by the University of Sydney; ( b) further 
studies of the undamped free pulsations of an ideal bubble, 
carried out jointly by the University of Sydney and the 
New South Wales University of Technology; (c) investiga
tion of non-linear control systems by the Radiophysics 
Division; ( d) an examination of factors affecting the design 
and operation of a saltfield. 

The second aspect of the programme is the development 
of a digital differential analyser in co-operation with the 
University of Sydney. Machines of this type have recently 
been developed overseas and appear to be particularly 
well suited to the solution of non-linear hydraulic problems 
of the type required by the Snowy Mountains Hydro
electric Authority. The new machine will use junction 
transistors instead of valves as its active circuit elements. 
Consequently it will be of relatively small size and power 
consumption, and can be mounted on a desk of normal 
size. 

• 
XXX.I. RESEARCH SERVfCES. 

1. LIBRA.RIES. 

l'he Organization's library network bas this year con• 
tentrated upon greater co-ordination of its services. 
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In August, 1955, allvaniage was taken of the eighth 
Conference of the Library Association of Australia in 
Brisbane to hold a meeting of senior librarians. Twenty 
were present and a stimulating interchange of ideas took 
place. It is hoped that regular meetings of this kind 
will be held in future. 

As one result of the Brisbane meeting, Divisional and 
Sectional librarians submitted to Head Office library 
details of interdivisional routing. By correlating this, it 
has been possible to reduce the time that journals are 
away from their holding libraries and to reduce the costs 
inherent in routing generally. 

Another result has been the establishment of a duplicate 
exchange service between C.S.I.R .O. and other libraries 
both within Australia and overseas. Much valuable 
material has been acquired in this way and a considerable 
sum of money has been saved. 

In addition to the set of cards forming the Common
wealth Index of Translations filed under author by the 
Translation Section, Head Office Library houses a dupli
cate set filed under journal. There are some 17,000 
cards at present and anyone seeking a translation may 
refer to them. 

Publication of the General Supplement to the Union 
Catalogue of Scientific and Technical Periodicals in the 
Libraries of Australia has commenced. It will be typed, 
not varityped as before, and reproduced by photolitho
graphy. It should be available in 1957. 

The increased use of the libraries of the Organization 
is best reflected in the rise in the number of requests for 
specific references, subject bibliographies, and general 
subject enquiries channelled through Head Office library. 
During the first six months of 1954 a total of 4,565 
enquiries were handled as against 10.236 for the first six 
months of 1956. Requests for photocopies have risen 
correspondingly until they now average over 200 per 
month. 

2. ThANSLATfON. 

The Translation Section has performed both written 
and oral transla tion for the Divisions and Sections of 
the Organization. The requirements of the Organization 
permitted only a trivial amount of assistance to other 
governmental bodies and scientific workers. Outside trans
lators were used for some of the work. 

The Section has operated as Australian agent for tbe 
Index of Translations of the British Commonwealth 
Scientific Office. A reference card index of available 
translations has been kept, and has occasionally pre
vented duplication. Microfilm copies of all translations 
made by the Section from Russian have been prepared 
for the National Science Foundation, United States of 
America. 

T he languages that can be handled by the Section are: 
German, D utch, Swedish, Norwegian, Danish, Icelandic, 
Latin, F rench, Italian, Spanish, Portuguese, Russian, 
Polish, Ukranian, Lettish, and H ungarian. For other 
languages use must be made of outside translators. 

3. ENGINEERING SECT ION. 

Whilst a number of Divisions and Sections undertake 
work of au engineering nature, the Engineering Section is 
engaged principally in the field of applied thermodynamics, 
the utilization of solar energy, and a study of electronic 
control systems required for this work. The Section has 
developed from the former Central Experimental Work
shops which was established some years ago to undertake 
the design, development, and manufacture of special 
equipment and installations for other Sections of the 
Organization. This work has been continued and 
extended; in fact, many of the engineering investigations 
in which the Section is involved have emerged from the 
research equipment requirements of our various Divisions. 
This applies particularly to the study of both growing 

planls and Living animuls in 11 controlled environment. 
Assistance in the shape of advice on special installations, 
as well as the design and manufacture of special-purpose 
machines and equipment, continues to be sought by 
Divisions an d Sections, par1icularly those without engineer
ing facilities of their own. 

During the year the Officer-in-charge of the Section 
attended the World Symposium on Applied Solar Energy 
at Phoenix, United States o( America, and presented a 
paper on solar water heaters. 

(a) Air-conditioning and Refrigeration.-Precise con
trol of temperature and humidity is being found necessary 
to an increasing extent by workers in many different 
scientific fields. To meet these broad requirements a 
standard laboratory air conditioner has been developed 
with considerable flexibility to cope with the range of 
requirements. The conditioner applies proportional con
trol to its beating and cooling operations, and also to 
humidification and dehumidification. Using commercial 
sensing clements it can, under normal conditions, control 
temperature to within ± l ° F., and relative humidity to 
within 1.5 per cent. The unit has been designed for easy 
installation in existing laboratories and does not occupy 
floor space within the laboratory. 

In order to maintain close temperature control using 
dry expansion cooling coils, a by-pass injection refrigera
tion system has been developed which enables the 
evaporator 10 be maintained at substantially constant 
rcmperature irrespective of load. Accordingly it bas 
been found possible to maintain temperature within very 
close limits without having recourse to brine systems with 
their attendant thermodynamic inefficiency and added 
complications. 

A small, automatic three-phase electrode humifier has 
been developed to supply steam for humidification, and 
work is al present being carried out on a similar single
phasc unit. 

Some work is in progress on the accurate control of 
temperature and humidity in large spaces using a multi
plicity of relatively small units. This bas application in 
the textile industry and the work is being carried out in 
conjunction with the Wool Textile Research Laboratories. 

For more precise temperature and humidity control 
tban can be obtained by using commercially available 
sensing devices, electronic control systems have been 
developed. For temperature control, thermistors are 
employed, whilst the sensing device for humidity is a 
modified form of the electrolytic hygrometer developed 
by the Division of Physics. Stability of operation is 
always a factor to be considered in any control system, 
and a novel type of thermal delay is being used for this 
purpose. 

The suitability of the heat pmnp under Australian 
conditions is being examined, particularly as a means of 
both heating and cooling relatively small buildings. Work 
is proceeding to determine the amount of heat that can 
be extracted from soil under specified conditions. 

(b) Controlled Climate Rooms.-Construction of the 
two extended-range controlled climate rooms at the Sheep 
Biolo~ Laboratory, Pr~spect, bas now been completed 
and virtually all associated equipment installed. An 
extensive series of tests is at present being carried out, to 
check the performance of the equipment and to enable 
suita.ble operating. tc~tmiques to be developed. The results 
obtamed so far md1cute that the aim will be achieved 
of o~t~inin~ precisely controlled temperature and humidity 
condi tions 111 the rooms, corresponding to those encoun-
1ered anywhere in Australia. 

(c) Cooling of Glass-ho11ses.-Wbile much work bas 
been done overseas on the subject of heating glass-houses, 
there has been no commensurate attention paid to their 
summer cooling whic~. in Australia, is generally a greater 
problem. The Seclton has developed a simple form 
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of evaporative cooler, primarily for use with the Waldor 
glass-house, and installations of these at Canberra and 
Merbein have shown that substantial cooling can be 
obtained by this means. This method of coolin¥ involves 
the circulation of very large quantities of air at tem
peratures slightly higher than wet bulb temperature. It 
is therefore suitable only in districts where high wet bulb 
temperatures are not encountered. Work is proc:ediog to 
simplify the equipment and improve the efficiency of 
evaporation. 

(d) Utilization of Solar Energy.- During the past 
twelve months experimental Oat-plate solar water heaters 
have been installed in the Organization's laboratories at 
Brisbane, Prospect, Canberra. Deniliquin, Geelong, ~nd 
Adelaide. In addition, a similar beater bas been put mto 
operation at the Chiswick Field Station, Armidale, to 
supply bot water to the new living quarters. there. Data 
on daily radiation absorption are being obta10cd regularly 
from all these points to supplement the figures previously 
obtained in Melbourne and Mcrbein. Further develop
ment work on the water heater is being carried out in 
Melbourne, where additional equipment has now been 
installed to record and integrate incident radiation. Con
sideration is being given to the extension of the work to 
other thermal processes. Improvements in design of 
Oat-plate absorbers are being investigated with the object 
of encouraging manufacturers to enter this field. 

(e) General E11gi11eering.-During the year several 
interestLng machines and pieces of equ ipment were 
developed and put into operation. Among these have 
been two pilot-scale yarn-winding machines for use in 
textile research, and a twin-beam weighing apparatus with 
flexure pivot suspensory elements and an accuracy of 
better than 1 part in 10,000, for use in conjunction with a 
closed-circuit meat dehydrator. A nursery seed thresher, 
of the type previously developed for the Division of 
Plant Industry, was supplied to the United Nations Food 
and Agriculture Organization in Italy, for use with annual 
species of Medicago and other hard-podded legumes. 
Work is at present proceeding on the construction of 
a large experimental cheese cheddaring machine for the 
Dairy Research Section. 

XXXIJ. PUBLICATIONS, EXTENSION. AND 
LIAISON ACTIVITIES. 

1. GENERAL. 

The Organization's research results are made availabfa 
through various channels. 

Formal scientific publication is supplemented in several 
ways; by tbe preparation of films (Section 6 of this 
Chapter) which may, for example. give a farmer or 
extension officer more help in diagnosis of animal diseases 
than would a list of clinical data; by the continuous and 
close contact with industry of officers of the Divisions 
and Sections. through whom much information-derived 
from the literature, accumulated knowledge and experience, 
and current research-is disseminaled; by the provision 
of facilities for guest workers in laboratories; by the 
publication of trade circulars, newsletters, and articles 
for trade journals; by press releases; by lectures and 
short courses of specialized training; and by lhe organi
zation 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 research in the secondary industries 
is being assisted by the newly formed 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 nnd 
Washington. 

2. P UBLICATIONS. 

The Organizat.ion now publishes the following eight 
scientific periodicals:-

A ustralian 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. Issued as material 
becomes available. 

Australian Journal of Chemistry. Issued quarterly. 

Australian Journal of Marine and Freshwater Re
search. Issued as material becomes available. 

Australian Journal of Physics. Issued quarterly. 
Australian Journal of Zoology. Issued as material 

becomes available. 
General editorial policy is decided by an Editorial Board 

comprising D r. N. S. Noble (Chairman), Professor J. S. 
Anderson, Professor Sir Macfarlane Burnet, Professor 
L. H. Martin, and Professor J. G. Wood. Editorial Ad
visory Committees are responsible for editorial matters 
affecting each individual journal, and members of the 
Board serve on appropriate journal committees. 

The 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 A ustralian Journal of Physics, 
and the Australian Veterinary Association and the Aus
tralian Institute of Agricultural Science collaborate in the 
pu blication of the A ustralian Journal of Agricultural 
Research. 

The Org<lllization's research results are published in 
1he abovementioned journals, in its Bulletins and the 
Technical Papers of its Divisions and Sections, and in 
special series such as the "Land Research " series and the 
·' Soil Publication" series. Many research papers are also 
contributed by officers of the Organization to specialized 
scientific journals both in Australia and overseas. 

The journals listed above are open to receive contribu
tio ns of merit from research workers, irrespective o f 
country or of the organization to which they are attached. 
Many papers from workers in Australian universities and 
a limited number from overseas have been published and 
the marked increase in tbe annual volume of the journals 
represents growing support from all sources. 

A complete list of scientific papers published dw-ing 
the year by Officers of the Organization will be found 
in Chapter XXXV. 

3. AGRICULTURAL RESEARCH LIAISON SECTION. 

The chief a im of the Agricultural Research Liaison Sec
tion is to ensure that the Organ.ization's research results 
nre made available to State Departments of Agriculture for 
use in their extension work with far mers. The work of 
the Section is concerned chiefly with marshalling im
portant research material and presenting it in suitable 
form to State agricultural authorities by means of pub
lications and conferences. 

A major development has followed discussions with 
State authorities regarding the possibility of closer col
laboration regarding important agricultural regions. A 
pilot area comprising a complete river valley of about 
600 square miles has been selected for intensive study of 
the physical. agronomic, and economic features associated 
with its agricultural development. In the first place, 
research results applicable to the area are being considered 
with relevant C.S.I.R.O. D ivisions and Sections. 

(a) Pub/ications.-The quarterly periodical Rural 
Research in C.S.l.R.O. is meeting a demand for a concise 
description of aspects of the Organization's research which 
can have important practical applications. 

/ 
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Important subjects are selected as major themes for each 
issue. The September issue, for example, dealt with animal 
reproduction, particularly the implications of recent re
search on the time of mating Merino sheep. Beef industry 
problems, which were tbe theme of the December an<l 
March issues, included pleuropneumonia, cattle tick, and 
tbc \York of the National Cattle Breeding S.tation at 
"Belmont", Queensland. The June issue Was maihly con
cerned with wool textile research. 

Subjects requiring more detailed treatment are appear
ing in the Organization's "Leaflet" series, and important 
research results are described in press releases. 

( b) Conferences.-Tbe Section is paying particular 
attention to the principles and techniques for conducting 
and recording conferences, and has tried out various 
methods involving the use of tape recorders. This has 
shown that with proper preliminary organization it is 
possible to issue summaries of proceedings for correction 
at the conference itself and to obtain greater accuracy 
and speed in preparing the final report. 

Assistance given in the organization of several con
ferences included the preparation of a handbook describ· 
ing the sheep and wool research of the Organization. 

The Section is also organizing the Australian post
conference tours for delegates to the 1956 International 
Grasslands Conference. . 

( c) Films and Displays.-The Section works with the 
Film Unit in the production of films on rural topics and 
asists it with the art work associated with the Unit's 
general activities. In addition to work associated with 
publications, conferences, and films, the Section's art 
department is being increasingly used to help with displays. 

(d) Talks.- Officers of the Section gave talks on the 
Organization's agricultural work to various groups, includ
ing overseas students and staff training schools. 

(e) Jnquiries.-About 1,000 inquiries were received 
during the year from extension workers, research officers, 
schools, pastoral companies, banks, individual farmers, and 
others interested in the agricultural development of Aus
tralia. Many were answered direct and others were 
referred to appropriate research or extension authorities. 
In several instances, the required information was supplied 
in the form of a report based on material obtained from 
several different authorities and collated by the Section. 

4. INDUSTRIAL RESEARCH LIAISON SECTION. 

This small section has a responsibility for providing a 
liaison service in fields that are of common interest to the 
Organization and lo industry. The Section has collabo
rated with the Australian Institute of Management in 
arranging discussion groups on various aspects of indus
trial research. It has provided assistance to individual 
industr ial firms and to associations of firms interested in 
establishing or expanding their research activities. It has 
served as a channel whereby companies have arranged 
for sponsored projects to be undertaken in the Organiza
tion's lab.oratories . . ~embers of the Section have pre
~are~ articles de~cnbmg C.S.I.R.O. activities for publica
tion JO the technical and trade press and have given talks 
on such subjects to manufacturing and commercial firms 
and associations. The Section has also assisted in arran<>
~ng the use of the Organization's patented processes by 
mdustry. 
Th~ Section attends to the tnany technical inquiries 

~ub~1~ted to Head Office. Where appropriate, these 
1~qumes are sent on to specialists, either in the Organiza
tion or ~lsewhere. When this is not practicable, replies• 
are provided by the Section. 

5. OVERSEAS LIAISON. 

The Organization has Scientific Liaison Offices in 
London and Washington as constituent units of the British 
Commonwealth Scientific Office (London), and the British 
Commonwealth Scientific Office (North America). These 

Offices maintain close contact with overseas scientific 
developments and serve as centres for visitors and re~e~~ch 
students from the Organization and for other v1s1t10g 
scientists. The Chief Scientific Liaison Officers in Lon
don and Washington have represented Australia at 
scientific conferences in the United Kingdom, the United 
States of America, and Europe. The London Office bas 
materially assisted in the recruitment of research staff from 
the United Kingdom and European countries, 

6. FILM UNIT. 

During the year the following films wete completed and 
released:-

Two Blades of Grass.=---16 mm., colour, sound, screen
ing time 24 minutes. Produced in collaboration 
With the Ne\V South Wales Department of Agri
culture and Profesor C. M. bonald of the Waite 
Agricultural Research institute, South Australia, 
the film develops the theme that Australia's agri
cultural future depends on the use of a properly 
fertilized legume either as a component of pastures 
or as a rotation in agricultural cropping. 

The Mutton Birds of Bass Strait- 16 mm., colour, 
sound, screening time 21 minutes. Produced in 
collaboration with the Wildlife Survey Section, the 
film covers the interesting habits and life history 
of a species of mutton bird (Piiffinus fenulroslris), 
the industry based on the annual harvest of the 
fledglings, and the conservation studies and allied 
research beJrtg undertaken by the Wildlife Survey 
Section in co-operation with tbe Fauna Board 
of Tasmaola, 

The Argentine Ant-16 mm., colour, sound, screeil• 
ing time 11 t minutes. T his film, first released in 
19.53, has been re-edited to include reference to a 
more recently developed insecticide which is more 
persistent and most effective in the eradication of 
the Argentine ant. 

Films on the following subjects are in the course of 
production:-

Supply and Drainage Ditches-16 mm., colour, sound. 

The Penguins of Macquarie Jsland- 16 mm., colour, 
sound. 

The Construction of Farm Dams- 16 mm., colour, 
sound. 

Radio Astronomy in Australia-16 mm., colour, 
sound. 

Mitosis- 16 mm., colour, sound. 

Pmnin.g of Grape Vines- 16 mm., colour, sound. 

The Mallee Fowl- 16 mm., colour, sound. 

Two short films are being produced for the Australian 
National Antarctic Research Expedition, from original film 
material already obtained, 

Cine fi1111 records have been continued of cattle breeding 
experiments being conducted by the Division of Animai 
Health and Production at " Belmont " Field Station and 
elsewhere in Australia. 

The United States Department of Agriculture is having 
30 prints of the film "Bovine Contagious Pleuropneu
monia " made for distribution throughout tbe United 
States. 

Excluding the above, 87 prints of the Unit's films have 
been distributed during the year. Most of these have 
been puchased by outside organizatiofis. 

lo spite of tlie wide distribution of the Unit's films, par
ticularly in. Australia, 330 film loans were made during 
the year through the Organization's own film libta·ry. 
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Waite Agricultural Research Institute, University of 
Adelaide. 

J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soils, 
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of. Sydney. 
F. Penman, M.Sc., Commonwealth Research Station, 
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D. T. Boyd., C.M.G., Woorooma East, Deniliquin, New 
South Wales. 

T. L. Bull, Audley-street, Narrandera, New South Wales. 
N. W. Crosbie, Belvedere Park, Berriquin Irrigation 

Districr, Finley, New South Wales. 
E. R. Ennals, Cobram Irrigation District, Cobram, 

Victoria. 
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A. L. Tisdall, M.Agr.Sc., State Rivers and Water Supply 

Commission, Victoria. 
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0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S.1 Division of 
Plant Industry, C.S.I.R.O. 

H. A. Grantham, H.D.A.~ Department of Agriculture, 
New South Wales 

A. N. A. Harris, B.V.Sc., Department of Agriculture, 
New South Wales. 

G. L. McClymont, B.V.Sc., Ph.D., University of New 
England. 

R. B. Madgwick, M.Ec., D.Phil., University of New 
England. 

A. F. O'Farrell, B.Sc., A.R.C.S., F.R.E.S., University of 
New England. 

R. Roe, B.Sc.(Agric.), Division of Plant Industry, 
C.S.I.R.O. 

C. J. Vears, B.Sc.Agr., Department of Agriculture, New 
South Wales. 

M. H. Walker, B.Sc.Agr., Department of Agriculture, 
New South Wales. 

J. F. Barrett, B.V.Sc., Division of Animal Health and 
Production, C.S.I.R.O. (Secretary). 

13 • .REolONAL PASTORAL LABORATORY, ARMIDALE~ 
CONSULTATIVE COMMITTEE. 

D. A. GiU, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.I.R.O. 

A. M. Atkinson, Council of Advice to the Pastures Pro-
tection Board, New South Wales. 

N. C. W. Beadle, D.Sc., University of New England. 
A. G. Brett, Graziers' Association of New South Wales. 
A. T. Dick, D.Sc., Division of Animal Health and Pro-

duction, C.S.l.R.O. 
L. P. Dutton, Council of Advice to the Pastures Protec

tion Board, New South Wales. 
G. E. Forster, Grazicrs' Association of New South Wales. 
0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S., Division of 

Plant Industry, C.S.I.R.O. 
I. L. Johnston, B.V.Sc., Cooptcd Member. 
G. L. McClymont, B.V.Sc., Ph.D ., University of New 

England. 
R. B. Madgwick, M.Ec., D.PhiJ., University of New 

England. 
A. F. O'Farrell, B.Sc., A.R.C.S., F.R.E.S., University of 

New England. 
E. C. Powell, H.D.A., New England Regional Develop

ment Committee. 
R. Roe. B.Sc.(Agric.), Division of Plant Industry, 

C.S.I.R.O. 
W. W. Schlunke, Northern New South Wales Farmers' 

Union. 
A.H. Voisey, D.Sc., Universify of New England. 
A. W. Weller, Northern New South Wales Farmers' 

Union. 
H. F. White, Oraziers' Association of New South Wales. 
J. F. Barrett, B.V.Sc., Division of Animal Health and 

Production, C.S.LR.O. (Secretary). 

14. REGIONAL PASTORAL LABORATORY, ARMlDALE

REsBARCR CoMM1TTBB. 

C. L. McClymoilt, B.V.Sc., Ph.D ., University of New 
England (Chairman). 
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R. Roe, B.Sc.(Agric.), DJviSion of Plant Industry, 
C.S.J.R.O. (Deputy Clrairman). 

A. T. Dick, D.Sc., Division of Animal Health and Pro
duction, C.S.l.R.O. 

0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S., Division of 
Plant Industry, C.S.I.R.O. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.l.R.O. 

R. B. Madgwick, M.Ec., D.Phil., University of New 
England. 

R. M. Moore, M.Sc.Agr., Division of Plant Industry, 
C.S.l.R.0. 

A. F. O'Farrell, B.Sc., A.R.C.S., F.R.E.S., University of 
New England. 

J. F. Barrett, B.V.Sc., Division of Animal Health and 
Production, C.S.I.R.O. (Secrstary and Exqcutive 
Officer). 

15. "GILRUTH PLAINS" TECHNICAL CoMMITTBE. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
Health and Production, C.S.l.R.0. 

A. A. Dunlop, M.Agr.Sc., Ph.D., Division of Animal 
Health and Production, C.S.l.R.O. 

0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S., Division of 
Plant Industry, C.S.l.R.O. 

W. A. T. Summerville, D.Sc., Department of Agriculture 
and Stock, Queensland. 

Miss H. N. Turner, B.Arch., Division of Animal Health 
aod Production, C.S.l.R.0. 

W. Webster, B.V.Sc., Departmeot of Agriculture and 
Stock, Queensland. 

C. H. S. Dolling, B.Ag.Sc., Division of Animal Health and 
Production, C.S.I.R.O. (Secretary). 

16. JOINT BLOWFLY CoNTROL COMM.IlTEI!. 

H. G. Belschner, D.V.Sc., Department of Agriculture, 
New South Wales. 

G. Edgar, B.V.Sc., Department of Agriculture, New South 
Wales. 

A. J. Nicholson, D.Sc., F.A.A., Division of Entomology, 
C.S.I.R.O. 

F. H. S. Roberts, D.Sc., Division of Animal Health and 
Production, C.S.l.R.O. 

G. J. Shanahan, B.Sc.Agr., Department of Agriculture, 
New South Wales. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Que.!nsland. 

D. A. Gill, M.R.C.V.S., D.V.S.M., Division of Animal 
H ealth and Production, C.S.l.R.O. (Secretary). 

17. JOINT VETERINARY PARASITOLOGY CoMMJTTEB. 

W. Webster, B.V.Sc., Department of Agriculture and 
Stock, Queensland (Chairman). 

J . Legg, B.Sc., D.V.Sc., M.R.C.V.S., Department of Agri
culture and Stock, Queensland. 

K. R. Norris, M.Sc., Division of Entomology, C.S.I.R.O. 
F. H. S. Roberts, D.Sc., Division of Animal Health and 

Production, C.S.l.R.O. 
P. H. Durie, M.Sc., Division of Animal Health and Pro

duction, C.S.I.R.O. (Secretary). 

18. ADVISORY COMMITTEE ON FRUIT COOL STORAGE 
lNVESTIGATIONS IN NEW SOUTH WALES. 

1. R. Vickery, M.Sc., Ph.D., Division of Food' Preserva
tion and Transport, C.S.l.R.O. (Chairman). 

F. T. Bowman, B.Sc.Agr., M.Sc., Ph.D., Department of 
Agriculture, New South Wales. 

H. Broadfoot, Department of Agriculture, New South 
Wales. 

Professor R. L. Crocker, M.Sc., Ph.D., Department of 
Botany, University of Sydney. 

R. N. Robertson, B.Sc., Ph.D., F.A.A., Division of Food 
Preservation and Transport, C.S.I.R.O. 

R. B. Withers, M.Sc., Dip.Ed., D ivision of Food Preserva
tion and T ransport, C.S.I.R.0. (Secretary). 
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lll. CoMMlTTEB FOR Co-ORDINATION OF FRUIT AND 

VEGETABLE STORAGE RESEARCH. 

C. E. Cole, B.Agr.Sc., Department of Agriculture, Vic. 
toria (Chairman). 

W. J. Bettenay, B.Sc.(Agric.), Department of Primary 
Industry, Melbourne. 

D. Martin, D .Sc., D ivision of Plant Industry, C.S.I.R.0. 
F. Melville, B.Sc., Department of Agriculture, Western 

Australia. 
T. C. Miller, B.Sc.(Agric.), Department of Agriculture, 

South Australia. 
T. D. Raphael, M.A., Dip.Hort.(Cantab.), Department of 

Agriculture, Tasmania. 
R. N. Robertson, B.Sc., Ph.D., F.A.A., Division of Food 

Preservation and Transport, C.S.I.R.O. 
S. M. Sykes, B.Sc.Agr., Department of Agriculture, New 

South Wales. 
S. A. Trout, M.Sc., Ph.D., Department of Agriculture and 

Stock, Queensland. 
R. B. Withers, M.Sc., D ip.Ed., Division of Food Preserva

tion and Transport, C.S.I.R.0. (Secretary). 

20. CONSULTATlVE COMMITTEE ON FOOD I NVESTIGATION 
AND STANDARDS. 

J. R. Vickery, M.Sc., Ph.D., Division of Food Preserva
tion and Transport, C.S.I.R.O. (Chairman). 

W. J. Bettenay, B.Sc.(Agric.), Department of Primary 
Industry, Melbourne. 

E. W. Hicks, B.A., B.Sc., Division of Food Preservation 
arid Transport, C.S.I.R.0. 

G. Loftus Hills, B.Agr.Sc., Dairy Research Section, 
C.S.J.R.O. 

H. R. Tinney, B.V.Sc., Department of Primary Industry, 
Melbourne. 

R. F. Turnbull, B.E., Division of Forest Products, 
C.S.I.R.O. 

W. J . Wiley, D.Sc., Department of Primary Industry, Mel
bourne. 

R. B. Withers, M.Sc., Dip.Ed., Division of Food Preserva
tion and Transport, C.S.l.R.0. (Secretary). 

2 l. COMMITTEE FOR CO-ORDINATION OF RESEARCH ON 
FRUIT AND VEGETABLE PROCESSlNG. 

J . R. Vickery, M.Sc., PJ1.D., Division of Food Preserva
tion and Transport, C.S.l.R.O. (Chairman). 

J. D. Bryden, H.D.A., Department of Agriculture, New 
South Wales. 

J. F. Kefford, M.Sc., Division of Food Preservation and 
Transport, C.S.I.R.O. 

L. J. Lynch, B.Agr.Sc., Division of Food Preservation and 
Transport, C.S.I.R.O. 

D. Mc.G. McBean, B.Sc., Division of Food Preservation 
and Transport, C.S.I.R.O. 

A. C. Orman, H.D.A., Department of Agriculture, New 
South Wales. 

H. R. Richardson, B.Sc.Agr., Department of Agriculture, 
New South Wales. 

S. M. Sykes, B.Sc.Agr., Department of Agriculture, New 
South Wales. 

R. B. Withers, M.Sc., Dip.Ed., Division of Food Preserva
tion and Transport, C.S.I.R.O. (Secretary). 

22. DRIED FRUITS PROCESSING CoMMlTTEE. 

F. Penman, M.Sc., Commonwealth Research Station, 
C.S.I.R.O., Merbein (Chairman). 

.T. D. Bryden, H.D.A., Department of Agriculture, New 
South Wales. 

J. M. Davidson, B.V.Sc., Department of Primary Industry, 
Syduey. 

W. R. Jewell, M.Sc., B.Met., Department of Agriculture, 
Victoria. 

F . .T. Lesock, B.Agr.Sc., Department of Primary Industry, 
Melbourne. 

T. C. Miller, B.Sc.(Agric.), Department of Agriculture, 
South Australia. 

D. G. Quinn, R.D.A., Department of Agriculture, Victoria. 
J. R. Vickery, M.Sc., Ph.D., Division of Food Preserva

tion and Transpott, C.S.I.R.O. 
R. J . L. Martin, M.Sc., Ph.D., Commonwealth Research 

Station, C.S.I.R.O., Merbein (Secretary). 

23. ADVISORY COMMITTEE ON FRUlT STORAGE 
lNVBSTJGATlONS IN VICTORIA. 

C. E. Cole, B.Agr.Sc., Department of Agriculture, Victoria 
(Convenor and Secretary). 

S. Fish, M.Agr.Sc., Department of Agriculture, Victoria. 
R. N. Robertson, B.Sc., Ph.D., F .A.A., Division of Food 

Preservation and Transport, C.S.I.R.O. 
J. R. Vickery, M.Sc., Ph.D ., Division of Food Preserva

tion and Transport, C.S.l.R.O. 

24. MILDURA DISTRICT D RIED VINE FRUITS PllOCESSlNO 

COMMITTEE. 

A. R. Hampton, Mildura Packers' Association (Chairman). 
J. S. Cutler, Mildura, Victoria. 
A. E. Hazel, Dried Fruits Association, Red Cliffs, Victoria. 
J. H . Lapthorne, Merbein Dried Fruit Growers' Union. 
K. H. C. McCallum, Red Cliffs, Victoria. 
A. J. McMillan, Jr., Cardross, Victoria. 
S. R. Mansell, Mildura, Victoria. 
J. J . Murdoch, Coomealla, New South Wales. 
W. I. Nankivell, B.Agr.Sc., Department of Agriculture, 

Victoria. 
F. Penman, M.Sc., Commonwealth Research Station, 

C.S.I.R.O., Merbein. 
D. G. Quinn, R.D.A., Department of Agriculture, Victoria. 
R. J. L. Martin, M.Sc., Ph.D., Commonwealth Research 

Station, C.S.I.R.O., Merbein (Secretary). 

25. PASTURE PESTS ADVISORY CoMMITTEB, WESTERN 

AUSTRALIA. 

Sir Edward Lefroy (Chairman). 
C. F. Jenkins, M.A., Department of Agriculture, Western 

Anstralia. 
A. J. Nicholson, D .Sc., F.A.A., Division of Entomology, 

C.S.I.R.O. 
F. L. Shier, B.Sc.CAgric.), Department of Agriculture, 

Western Australia. 
Professor E. J. Underwood, B.Sc.(Agric.), Ph.D., F.A.A., 

University of Western Australia. 
M. M. H. Wallace, B.Sc., Division of Entomology, 

C.S.I.R.O. 
R. P. Roberts, M.Sc.(Agric.), Department of Agriculture, 

Western Australia (Secretary). 

26. FUEL RESEARCH ADVISORY CoMMITTEE. 

R. S. Andrews, D .Sc., Gas and Fuel Corporation of Vic
toria (Chairman) . 

H. R. Brown, B.Sc.(Eog.), Coal Research Section, 
C .S.l.R.O. 

S. B. Dickinson, M.Sc., Department of Mines, South Aus
tralia. 

R. P. Donnelly, Government Chemical Laboratory, 
Western Australia, 

J. R. Duggan, B.Sc., B.E., Colonial Gas Association, 
Melbourne. 

A. B. Edwards, D.Sc., Ph.D., Mineragraphic Investigations, 
C.S.I.R.O. 

Professor T. G. Hunter, B.Sc., Ph.D., University of Sydney . 
C. R. Kent, B.Sc., Ph.D., D.I.C., Electricity Authority of 

New South Wales. 
Professor C. E. Marshall, Ph.D., University of Sydney. 
L. J. Rogers, M.Sc., B.E., Department of National Deve

lopment. 
I. W. Wark, D .Sc., Ph.D., F.A.A., Division of Industrial 

Chemistry, C.S.I.R.O. 
F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.l.R.O. 
G. B. Gresford, B.Sc., A.R.M.T.C., C.S.I.R.O. (Secretary). 
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27. MELBOURNE ORE-DllESSING Sun-coMMIITEE. 

M. A. Mawby, D.Sc., F.S.T.C., F.A.A., Zinc Corporation 
Ltd., Melbourne (Chaimza11). 

W. E. Baragwanath, O.B.E., A.S.M.B., Melbourne. 
Associate Professor H. H. Dunkin, B.Met.E., D epartment 

of Mining, University of Melbourne. 
R. B. Mills, B.Sc., Electrolytic Zinc Co. Ltd., Melbourne. 
G. B. O'Malley, B.Met.E., Melbourne. 
K. S. Blaskett, B.E., Ore-dressing Investigations, 

C.S.I.R.O. (Secretary). 

28. KALGOORLIE MINING ADVISORY SuB-COMMlTTEE. 

E. E. Brisbane, B.C.E., Department of Mines, Western 
Australia. . 

R. C. Buckett, B.E., Lake View and Star Ltd., Kalgoorlie, 
Western Australia. 

R. A. Hobson, B.Sc., School of Mines, Kalgoorlie, Wes- · 
tern Australia. 

A. A. McLeod, M.Aus.I.M.M., M.A.I.M.E., North 
Kalgurli (1912) Ltd., Kalgoorlie, Western Australia. 

29. CoNSULTATlVE CoMM!TTEE ON BROWN CoAL 
RESEARCH AND DEVELOPMENT. 

R. S. Andrews, D.Sc., Gas and Fuel Corporation of Vic
toria (Chairman). 

G. E. Baragwanath, B.Sc., State Electricity Commission of 
Victoria. 

H . R. Brown, B.Sc.(Eng.), Coal Research Section, 
C.S.l.R.0. 

E. A. Bruggemann, Dr. lng., Gas and Fuel Corporation of 
Victoria. 

G. B. Grcsford, B.Sc., A.R.M.T.C., C.S.I.R.O. 
E. A. Hanson, Ph.D., Gas and Fuel Corporation of 

Victoria. 
F. H. Roberts, Dip.Mech.Eng., Dip.Elec.Eog., State Elec

tricity Commission of Victoria. 
R. W. Urie, B.Sc., S.M., D ivision of Industrial Chemistry, 

C.S.I.R.0. 
J. W. Wark, D .Sc., Ph.D., F.A.A., Division of Industrial 

Chemistry, C.S.I.R.O. 
F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.I.R.O. 
B. E. Mummery, B.Sc., C.S.I.R.O. (Secretary) . 

30. MlNERAGRAPHlC COMMITTEE. 

F. L. Stillwell, O.B.E., D.Sc., F.A.A., Melbourne. 
W. E. Wainwright, A.SA.S.M., Australasian Institute of 

Mining and Metallurgy. 

31. ELECTRICAL R ESEARCH BOARD. 

Emeritus Professor Sir John Madsen, B.E., D.Sc., F .A.A., 
University of Sydney (Chairma11). 

V. J. F. Brain, B.E., Electricity Authority of New South 
Wales. 

W. H. Connolly, B.E.E., B.Com., State Electricity Com
mission of Victoria. 

F. J. Lehany, M.Sc., Division of Electrotechnology. 
C.S.I.R.O. 

Professor D. M. Myers, B.Sc., D.Sc.Eng., University of 
Sydney. 

F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.I.R.0. 
F. G. Nicholls, M.Sc., C.S.I.R.O. (Co11;oi11t Secretary). 
R. C. Richardson, B.E., Division of Electrotecbnology, 

C.S.l.R.0. (Conjoint Secretmy). 

32. RADIO RESEARCH BOAllD. 

Emeritus Professor Sir John Madsen, B.E., D.Sc., F.A.A., 
University of Sydney (Chairman). 

W. R. Blunden, B.Sc., B.E., Department of the Army. 
E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio

physics, C.S.I.R.O. 
Sir Giles Chippindall, C.B.E., Postmaster-General's 

Department. 
Professor L. G. H . Huxley, M.A., D.Phil., Ph.D ., F.A.A., 

University of Adelaide. 

Cmdr. (L) G. F. E. Knox, R.A.N., Department of the 
Navy. 

Group Captain A. G. Pither, R.A.A.F., Department of 
Air. 

Professor H. C. Webster, D.Sc., Ph.D., University of 
Queensland. 

F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.l.R.O. 
B. E. Mummery, B.Sc., C.S.I.R.0., (Secretary). 

33. CoNSULTATIVE CoMMITTEE ON RADIO REsEARCli. 

F. W. G. White, C.B.E., M.Sc., Ph.D.. C.S.I.R.0. 
(Chairman). 

W. G. Baker, D.Sc.(Eng.), Ionospheric Prediction Service. 
E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio

physics, C.S.I.R.0. 
J. D. Campbell, Telecommunications Advisory Committee. 
Col. A. W. de Courcey Browne, M.l.R.E.(Aust.), 

A.M.Brit.I.R.E., Department of the Army. 
D. G. Gates, B.Sc., Ph.D., D.1.C., D epartment of Supply. 
Cmdr. (L) G. F. E. Knox, R .A.N., Department of the 

Navy. 
R. R. Long, B.E.E., Overseas Telecommunications Com

mission (Aust.). 
N. J. McCay, B.Sc., Postmaster-General's Department. 
A. J. McKenzie, M.E.E., Australian Broadcasting Control 

Board. 
Emeritus Professor Sir John Madsen, B.E., D.Sc., F.A.A., 

Radio Research Board, C.S.I.R.O. 
D. P. Martyn, D.Sc., Ph.D., A.R.C.S., F.A.A., F.R.S., 

Radio Research Laboratories, C.S.I.R.O. 
D. J. Medley, M.Sc., Department of Civil Aviation. 
G. H. Munro, D.Sc., Radio Research Laboratories, 

C.S.I.R.O. 
R. E. Page, F.l.R.E., A.M.LE. (Aust.), Telecommunica

tions Advisory Committee. 
Group Captain A.G. Pither, R .A.A.F., Department of Air. 
L. S. Prior, B.Sc., Bureau of Mineral Resources, Geology 

and Geophysics. 
E. J. Stewart, B.Sc., Postmaster-General's Department. 
B. E. Mummery, B.Sc., C.S.I.R.O. (Secretary). 

34. BUILDING RESEARCH CoMMlTTEE. 

l. Langlands, M.Mech.E., B.E.E., Division of Building 
Research, C.S.l.R.O. (Chairman). 

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. 
T. J. Cavanagh, Cement and Concrete Association, Sydney. 
S. A. Clarke, B.E., Division of Forest Produces, C.S.I.R.O. 
J. W. Drysdale, Commonwealth Experimental Building 

Station, Sydney. 
0. V. Isaacs, M.C.E., Commonwealth Experimental Build

ing Station, Sydney. 
J. K. Taylor, B.A., M.Sc., B.Sc.Agr., Division of Soil~ . 

C.S.I.R.O. 
J. R. Barned, B.Sc., Division of Building Research, 

C.S.l.R.O. (Secretary). 

35. CoMMITTEE ON MATHEMATICAL I NSTRUMENTS. 

'Professor D. M. Myers, B.Sc., D.Sc.Eng., University of 
Sydney (Chairman). 

R. W. Boswell, M.Sc., Long Range, Weapons Establish
ment, Department of Supply. 

E. G. Bowen, O.B.E., M.Sc., Ph.D., Division of Radio-
physics, C.S.l.R.O. 

T. Pearcey, B.Sc., Division of Radiophysics, C.S.l.R.O. 
Professor T. G. Room, M.A., F.R.S., University of Sydney. 
F. W. G. White, C.B.E., M.Sc., Ph.D., C.S.I.R.O. 
H. A. Wills, B.E., Department of Supply. 
M. Beard, B.Sc., B.E., Division of Radiophysics, C.S.l.R.0. 

(Secretary). 
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36. PATENTS <..:oMMJTTEI!. 

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.l.R.0. 

L. Lewis, B.MeLE., Industrial Research Liaison Section, 
C.S.l.R.O. 

M. Lipson, B.Sc., Ph.D., Wool Textile Research Labora
tory, Geelong, C.S.I.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.l.R.O. 
W. F. Evans, B.Sc., C.S.I.R.O. (Secretary). 

37. C.S.l.R.0. STUDENTSHJP ADVISORY CoMMITTEE. 

S. H. Bastow, D.S.O., B.Sc., Ph.D., C.S.l.R .O. (Chair
man). 

Professor A. E. Alexander, B.Sc., M.A., Ph.D., Sc.D., 
New South Wales University of Technology. 

Professor N. S. Bayliss, B.A., B.Sc., Ph.D ., F.R.A.C.I., 
F.A.A., University of Western Australia. 

D. T. C. Gillespie, M.Sc., C.S.I.R.O. 
G. B. Gresford, B.Sc., A.R.M.T.C., C.S.I.R.O. 
Professor V. M. Trikojus, B.Sc., Ph.D., University of 

Melbourne. 
Professor H. C. Webster, D.Sc., Ph.D., University of 

Queensland. 
Professor J. G. Wood, Ph.D., D.Sc., F.A.A., University of 

Adelaide. 
W. M. Balding, B.Sc., C.S.I.R.O. (Secretary). 

38. FOUNDRY SANDS CoMMITIEE. 

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 Industrial Chemistry, 
C.S.I.R.O. 

XXXIV. STAFF. 

The following is a list of the staff of the Organization 
as at 30th June, 1956. The list does not include clerical 
staff, typists, technical assistants, and miscellaneous 
workers. 

1. HEAD OFFICE. 

(Head-quarters: 314 Albert-street, East Melbourne.) 
Chairman-Sir Jan Clunies Ross, C.M.G., D.V.Sc., LL.D., 

F.A.A. 
Chief Executive Officer-F. W. G. White, C.B.E., M.Sc., 

Ph.D. 
Executive Officer-S. H. Bastow, D.S.O., B.Sc., Ph.D. 
Assistant Executive Officer-H. C. Forster, M.Agr.Sc., 

P h.D. 
Secretary (General Administration)-F. G. Nicholls, M.Sc. 
Secretary (Industrial and Physical Sciences) and Acting 

Secretary (Agricultural and Biological Sciences)-G. B. 
Gresford, B.Sc., A.R.M.T.C. 

Secretary (Agricultural and Biological Sciences)-W. Ives, 
M.Ec. (seconded to A.S.L.O., London). 

Secretary (Finance and Supplies)-M. G. Grace, A.A.S.A. 
Assistant Secretary (Staff)-D. T. C . Gillespie, M.Sc. 
Assistant Secretary (Agricultural and Biological Sciences) 
-P. F. Butler, M.Sc.Agr. 

Principal Research Officer-E. J. Drake, A.R.A.C.I. 
Senior Research Officer-W. F. Evans, B.Sc. 
Senior Research Officer-W. M. Balding, B.Sc. 
Research Officer- B. E. Mummery, B.Sc. 
Technical Officer-Miss J. Dunstone, B.Sc., Dip.Ed. 
Technical Officer-I. D. Pullen, B.Sc. 
Technical Officer- L. G. Wilson, B.Sc. (Hons.). 

Editorial-
Editor-N. S. Noble, D.Sc.Agr., M.S., D.I.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-0. J. Wylie, B.A., B.Sc. 
Technical Officer- R. L. Aujard, B.Sc. 
Technical Officer-G. A. Forster, B.A., B.Sc. 

Library-
Chief Librarian- Miss B. C. L. Doubleday, M.A. 
Librarian-Miss J. Conochie, B.Sc. 
Librarian- Miss L. J . Davey, B.Sc. 
Librarian-Miss J. Hobson, B.Sc. 
Librarian- Miss I. J. McPhail, B.Sc. (at Brisbane). 
Librarian- Miss H. Storie, B.Sc. 
Union Catalogue of Periodicals, Edilor-Miss A. L. 

Kent. 

Accounts-
Accountant-D. J . Bryant, A.A.S.A. 

Finance-
Finance Officer-R. W. Viney, A.A.S.A., A.C.I.S. 

Stock Records-
!. M. Short, A.A.S.A., A.C.I.S. 

Orders and Transport-
V. H. Leonard, J. P. 

StaO-
Staff and Industrial Officer- H. E. Waterman, 

A.A.S.A. 

Records-
P. Knuckey. 

Publications-
Scnior Technical Officer- T. R. Hunter. 

Liaison Overseas-
London-

Chief Scientific Liaison Officer- W. Ives, M.Ec. 
Senior Research Officer-A. B. Hackwell, B.Agr.Sc. 
Research Officer- J. P. Shelton, M.Sc., A.B.S.M. 

Washington-
Chief Scientific Liaison Officer-J . E . Cummins, 

B.Sc., M.S. 
Principal Research Officer- M. F. Day, B.Sc. (Hons.), 

Ph.D., P.A.A. 

Translation Sectio11-
Senior Translator-A. L. Gunn. 
Senior Translator-E. Feig!, Ph.D. 
Senior Translator- F. P. Just, D.U.P. 
Senior Translator-Mrs. M. Slade. 
T ranslator-H. E. Kijlstra, B.A. 
Traoslator-C. Wouters, Ph.D. (Lit.) (at Sydney). 
Translator.-!. Zacopanay, B.A. (Agric.) (at 

Canberra). 

Film Unit-
Senior Research Officer-S. T. Evans, B.Sc. 

Architectural-
Architect-W. R. Ferguson, B.E. 

2. SECRETARIES OP STATE CoMMlTTEES. 

New South Wales-
A. J. Higgs, B.Sc., Division of Radiophysics, 

University of Sydney. 
Victoria-

F. G. Nicholls, M.Sc., 314 Albert-street, East 
Melbourne. 

Queensland-
W. W. Bryan, M.Sc.Agr., Plant and Soils Laboratory 
~~an~ • 
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South Australia-
A. Packham, B.V.Sc., Division of Biochemistry and 

General Nutrition, University of Adelaide. 
Western A ustralia-

R. P. Roberts, M.Sc.(Agric.), Department of Agri
culture, Perth. 

Tasmania-
D. Martin, D.Sc., "Stowell ", Stowell-avenue, Hobart. 

3. AorucuLTURAL RESEARCH LwsoN S ECTION. 

(Head-quarters: 314 Albert-street, East Melbourne.) 
Officcr-in-charge-R. R. Pennefather, B.Agr.Sc. 
Principal Research Officer- K. Loftus Hills, M.Agr.Sc. 
Research Officer-A. F. Gurnett-Smith, B.Agr.Sc. 
Technical Officer-I . J . Lenagban, B.Agr.Sc. 

4. ANlMAL G ENETICS SECTION. 

(Head-quarters: University of Sydney.) 
Officer-in-charge-J. M. Rendel, B.Sc., Ph.D. 
Principal Research Officer- A. S. Fraser, M.Sc., Ph.D. 
Senior Research Officer-W. R. Sobey, B.Sc., Ph.D. 
Research Officer-D. F. Dowling, B.V.Sc., B.Sc., Ph.D. 
Research Officer- B. L. Sheldon, B.Agr.Sc. (Hons.). 
Research Officer-T. Nay. 
Technical Officer-K. E. Turnbull, B.A. 

5. DIVISION OF ANIMAL HEATH AND PRODUCTION. 

(Head-quarters: Cr. Flemington-road and Park-street, 
Parkville, 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. 
Assistant Divisional Sccrctary-N. M. Tulloh, 

M .. 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 Secretnry- J . M. McMahon, B.Com. 
Senior Research Fellow-L. B. Bull, C.B.E., D.V.Sc. 
Senior Principal Res~arch 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. D ann, M.Sc. 
Senior Research Officer-I. E. Peterson, B.V.Sc. 
Senior Research Officer-A. W. Rodwell, M.Sc., 

Ph.D. 
Research Officer- J. B. Bingley, D.A.C. 
Research Officer-0. S. Cottew, B.Sc. 
Research Officer- Miss V. E. Hodgetts, B.Sc. 
Research Officer-P. Plackett, B.A. 
Research Officer-H . M. Radford, B.Sc. 
Technical Officer-Miss C. E. Bales, B.Sc. 
Technical Officer-Miss M. J . Monsbourgh, B.Sc. 
Technical Officer-J. R. Etheridge, Q,ip.Lab.Tech. 
Technical Officer-N. E. Southern, Dip.Lab.Tech. 
Technical Officer-J . I. Spencer, Dip.Lab.Tech. 
Librarian-Miss F. V. Murray, M.Sc. 

At Poultry Research Centre, Werribee, Victoria
Officer-in-Chargc-F. Skaller, M.Agr.Sc., B.Com. 
Senior Research Officer- I. A. Morris, B.Sc.Agr. 

(Hons.), Ph.D . 
Research Officer- T. E. Allen, B.Sc. 
Research Officer-F. E. Binet, Dr.med. 
Technical Officer-Miss L. W. Bohr, M.Sc.(Agr.). 

At McMasler Animal Health Laboratory, Sydney
Officer-in-Cbarge- D. F. Stewart, D. V.Sc., Dip.Bact. 
Laboratory Secretary-H. H. Wilson. 
William Mcllratb Fellow in Animal Husbandry

M. C. Franklin, M.Sc., Ph.D. 

Senior Principal Research Officer-H . McL. Gordon, 
B.V.Sc. 

P rincipal Research Officer-Miss H. Newton Turner, 
B.Arch. (Hons.). 

Senior Research Officer- Miss J . H. Koch, M.D. 
Research Officer-P. K. Briggs, B.Sc.Agr. (Hons.). 
Research Officer-C. H. Gallagher, B.V.Sc., Ph.D. 

(on study leave). 
Research Officer- Miss N. Hemingway, B.Sc. 
Research Officer-M. D. Murray, B.Sc. (Vet.Sci.) , 

M.R.C.V.S. 
Research Officer-I. G. Pearson, B.V.Sc. 
Research Officer-R. I. Sommerville, M.Sc.Agr. 
Research Officer-L. E. A. Symons, B.V.Sc. (Hons.) . 
Research Officer-I. I-I. Thomas, B.V.Sc., (Hoos.) . 
Research Officer-W. K. Warburton, LL.B., M.Sc., 

Ph.D. 
Research Officer- P. R. Wbitfeld, B.Sc. (Hons.) , 

Ph.D. 
Ian McMaster Fellow-I. W. Parnell, B.A., Ph.D., 

F.R.S.E. 
Ian McMaster Scholar-A. I. Ryan, B.Sc. 
Senior Technical Officer-B. A. Panaretto, B.V.Se. 
Technical Officer-B. L. Campbell1 A.S.T.C. 
Technical Officer-K. J. Farrington, B.Sc. 
Technical Officer-F. J . Hamilton. 
Technical Officer-G. C. Merritt. 
Technical Officer-ff. V. Whitlock, Dip. Lab. Tech. 

(on leave). 
Librarian-Miss A. G. Culey, M.Sc. 

At Sheep Biology Laboratory, Prospect, New South 
Wa/es-

Assistant Chief of Division and Officer-in-Charge--
I. W. McDonald, B.V.Sc., B.Sc., Ph.D. 

Technical Secretary-I. H. Elliott, B.Sc. (Hons.). 
Principal Research Officer-P. G. Schinckel, B.V.Sc. 
Principal Research Officcr- K. A. Ferguson, B.V.Sc., 

Ph.D. 
Principal Research Officer-R. L. Reid, B.Sc.Agr. 

(Hons.), Ph.D. 
Senior Research Officer-G. Alexander, M.Agr.Sc. 
Senior Research Officer-A. A. Dunlop, M.Agr.Sc., 

Ph.D. 
Senior Research Officcr-B. F. Short, M.Agr.Sc., 

Ph.D . 
Senior Research Officer-L. T. Wilson, B.Sc. 
Research Officer-A. W. Braden, B.Sc. 
Research Officer-J. P. Hogan, B.Sc.Agr. (Hons.) 

(on study leave). 
Research Officer-A. G. Lyne, B.Sc. (at McMaster 

Laboratory). 
Research Officer-P. J. Reis, B.Sc.Agr. (Hons.). 
Research Officer-W. Strauss, B.Chem.E. 
Research Officer-A. L C. Wallace, B.Sc. 
Research Officer- A. C. I. Warner, B.Sc., Ph.D. 
Research Officer-R. H . Weston, B.Sc.Agr. (Hons.). 
Senior Technical Officer-A. H. Brook, B.V .Sc. 
Senior Technical Officer-R. E. Chapman, B.Appl. 

Sci. (Hons.). 
Senior Technical Officer-ff. R. Lindner, B.V.Sc. 

(Hons.). 
Technical Officer-S. H. Buttery, B.Sc. 
Technical Officer-W. T. Outcb, Dip.Sci. 
Technical Officer-Miss J. Quiggan, B.Sc.Agr. 
Technical Officer-Miss M. E. Singer, B.Sc. 
Technical Officcr-S. S. Y. Young, B.Agr.Sc. 
Librarian- Miss S. J. Hicks. 

At Regional Pastoral Laboratory, Armidale, New South 
Wales-

Executive Officer to Research Committee-J. F. 
Barrett, B.V.Sc. 

Senior Research Oflker-W. H. Southcott, B.V.Sc. 
Senior Technical Officer-R. W . Hewetsoo, B.V.Sc. 
Technical Officor- J. M. George, B.Sc.Agr. 
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Ai F.D. McMaster Field Station, Badgery's Creek, New 
South Wa/es-

Officer-in-Charge--R. H. Hayman, M.Agr.Sc. 
Research Officer-J. M. Doney, B.Sc. (Hons.), Ph.D. 
Research Officcr-D. F. Dowling, B.V.Sc., B.Sc., 

Ph.D. 
A I Veterinary Parasitology Laboratory, Yeerongpi/ly, 

Quee11s/a11d-
Officer-in-Charge-Dr. F. H. S. Roberts, D.Sc. (over

seas). 
Senior Research Officer and Acting Officer-in-Charge 

-R. F. Riek, B.V.Sc., M.Sc. 
Senior Research Officer- P. H. Durie, M.Sc. 
Research Officer-K. C. Bremner, M.Sc. 
Technical Officer-R. K. Keith, Dip.Ind.Chem. 

At Departmefll of Physiology, University of Queensland, 
Brisbane-

Senior Research Officer- N. T. M. Yeates, B.Agr.Sc. 
(Hons.), Pb.D. 

At National Field Station, "Gilruth Plains", Cunnam11l/a, 
Queens/and-

Offlcer-in-charge-C. H. S. Dolling, B.Ag.Sc., R.D.A. 
A I National Cattle Breeding Station, " Belmont", 

Rockhampton, Quee11sla11d-
Officer-in-charge-J. F. Kennedy, M.Agr.Sc. 
Senior Research Officer-H. G. Turner, B.Agr.Sc., 

M.A. 
Technical Officer-A. V. Schleger, B.Sc. 
Technical Officer-G. French, B.V.Sc. 

At Westem A11stralia11 Department of Agriculture, A nimal 
Health and Nutrition Laboratory, Ned/ands, Western 
Australia-

Senior Research Officer-A. B. Beck, M.Sc. 

At l nstifllte of Agriculture, University of Western 
Australia, Ned/ands, Westem A11stralia-

Senior Research Of11cer-E. Munch-Petersen, M.Sc., 
B.A. 

At Department of Genetics, University of Adelaide, 
Adelaide, South Australia-

Research Officer-G. W. Grigg, M.Sc., Ph.D. 

6. DIVlSION OF BIOCHEMIST RY AND GENERAL NUTRITION. 

(Head-quarters: University of Adelaide.) 

Chief-H. R. Marston, F .A.A., F.R .S. 
Technical Secretary-A. Packham, B.V.Sc. 
Principal Research Officer-Miss M. C. Dawbarn, M.Sc. 
Principal Research Officcr-F. V. Gray, M.Sc. 
Principal Research Officer-I. G. Jarrett, M.Sc. 
Principal Research Officer-H. J. Lee, M.Sc. 
Principal Research OJI:icer-J. A. Mills, Ph.D ., M.Sc. 
Principal Research Officer-A. W. Peirce, D.Sc. 
Principal Research Officer-D. S. Riceman, M.Sc., 

B.Ag.Sc. 
Senior Research Officer-Miss S. H. Allen, B.Sc. 
Senior Research Officer- G. B. Jones, M.Sc. 
Senior Research Officer-A. F. Pilgrim, B.Sc. 
Research Officer-W. W. Forrest, B.Sc. (Hons.), Ph.D . 
Research Officer-}. L. Frahn, Ph.D., M.Sc. 
Research Officer- R. B. Kuchel, B.Sc. 
Research Officer-B. J . Potter, M.Sc. 
Research Officer-Mrs. D. C. Roder, M.Sc. 
Research Officer-R. M. Smith, B.Sc. 
Research Officer-R. A. Weller, B.Sc. 
Principal Technical Officer-D. W. Dewey. 
Senior Technical Officer- R. Hewett Jones, R.D.A. 
Sehior Technical Officcr- V. A. Stephen. 
Technical Officer-A. C. Blaskett, B.Sc. 
Technical Officer-J . Charnock, B.Sc. 
Technical Officcr-0. H. Filsell, B.Sc. 
Technical Officor- B. F. Good, B.Sc. 
Technical Officer-W. S. Osborne-White, B.Sc. 
Technical Ofilcer-J. 0. Wilson (part-time). 

F.6593/ 56.-10 

7. D1VISION OP Buu .. omo RESEARCH. 

(Head-quarters: Graham-road, Highett, Victoria.) 

Administration-
Chief-lan Langlands, M.Mech.E., B.E.E. 
Technical Secretary- J. R. Barned, B.Sc. (Hons.). 
Editor-I. C. H. Croll, B.Sc. 
Sectional Draughtsman-W. Maier, Dip.Ing. 

• 
Information and Library-

Senior Research Officer-R. C. McTaggart, B.Sc. 
Senior Technical Officcr-E. McC. Coulter, M.Ag.Sc. 

Concrete and Testing Laboratory-
Senior Research 0.fficcr- F. A. Blakey, B.E., Ph.D. 
Principal Technical Officer-W. H. Taylor, M.C.E. 
Smior Technical Otlicer-R. E. Lewis, B.Sc. (Hons.). 
Seuior Technical OJllcer-E. N. Mattison. 
Technical Officcr- B. Kroone, D.R.S. 
Technical Officer-F. D. Beresford, F.R.M.T.C. 
Technical Ofilcer-J. J. Russell, B.Sc. 

J\.1.asonry lnvestigations-
Principa1 Research Officer-J. S. Hosking, M.Sc., 

Ph.D. 
Principal Research Officer- W. F. Cole, M.Sc., 

P h.D. 
Senior Research Officer-H. V. Hueber, Dr.Phil. 
Senior Research Officer-R. D. Hill, B.Sc. (Bons.), 

B.Com. 
Research Officer-Mrs. T. Demediuk, Dr.Phil.Nat. 
Research Officer-Miss A. A. Miloe, B.Sc. (Hons.), 

Ph.D. 
Technical Officer-Miss M. E. Neilson, B.Sc. 
Technical Officer-Miss N. M. Rowland, F.R.M.T.C. 
Technical Officer-A. E. Holland, A.R.M.T.C. 
Technical Officer- D. N. Crook, A.Sw.T.C. 
Technical Officer-C. L Carrel, B.Sc. (Hoos.). 

Surfacing Materials Jnvcstigations-
Senior Research Officer-£. H. Waters, M.Sc. 
Research Officer-J. E. Bright, B.Sc. 
Tech11ical Officer- D. A . Powell, B.Sc. 
Technical Officer- G. F. Moss, B.Sc. 
Technical Officer-I. D. McLachlan, A.S.M.B. 

Acoustics and Thermal 111vesligations-
Principal Research Officer-R. W. Muncey, 

B.Eog.Sc., M.E.E. 
Senior Research Officcr-W. K. R. Lippert, Dr. 

rer.nat. 
Senior Research Officer-A. F. B. Nickson, M.Sc. 
Research Officer-T. S. Holden, B.Sc. 
Technical Officer- ?. Dubout, B.Sc. 
Technical Officer-Miss A. Greenslade. B.Arch. 

(Hoos.). 

Organic lvfaterials lnvestigatio11s-
Seoior Research Officer-E. R. Ballantyne, B.Sc. 

(Hons.). 
Research Officer- K. G. Martin, B.Sc. (Hons.). 
Technical Officer-I . W. Spencer, B.Sc. 
Technical Officer-N. G. Brown, A.R.M.T.C. 

8. CANOERRA LABORATORIES, ADMINISTRATIVE OFFICE. 

(The services of this office are common to the Divisions 
and Sections in Canberra.) 

Chief Clerk-K. J . Prowse. 
Deputy Chief Clerk-D. Banyard. 
Accountant- E. E. Petersen. 
Librarian- D. R. May, B.A., B.Sc. 

9. COAl RESEARCH SECTION. 

(Head-quarters: Dclbi-road, North Ryde. New South 
Wales.) 

Otllce~-in-chargc-H. R. Brown, B.Sc. (Eng.) (Hons.). 
Techmcal Secretary-K. F. Baker, M.Sc. App., D.Sc. Tech. 
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Principal Research Officer-J. D. Brooks, B.Sc. (Hons.). 
Principal Research Officer-N. Y. Kirov, M.Sc. 
Senior Research Officer-B. E. Balmc, B.Sc. (Hoos.). 
Senior Research Officer-R. A. Durie, M.Sc., Ph.D. 
Senior Research Officer- E. I. Greenhaw, B.Sc., (Hons.), 

Ph.D. 
Senior Research Officer-A. Jowett, B.Sc. (Hons.), Ph.D . 
Senior Research Officer-P. L. Waters, !J.Sc. (Hoos.) , 

Ph.D. 
Research Officer- J. J. Batten, M.Sc. (on overseas student-

ship). 
Research Officer-M. Kossenberg, Ph.D. 
Research Officer-I . S. Shannon, B.Sc. (Hons.), Ph.d 
Research Officer-J. F. Stephens, M.Sc. (on overseas 

studentship) . 
Research Officer-S. Sternhell, M.Sc. 
Research Officer- G. H. Taylor, M.Sc., Dr. rer.nat. 
Principal Technical Officer-M. S. Burns, M.Inst.F. 
Senior Technical Officer-G. a Donau Szpindler, D.l.C. 
Senior Technical Officer-J. P. F. Hennelly, B.Sc. 
S~nior Technical Officer-R. H . Jones, B.Sc. (Hons.). 
S'2nior Technical Officer-I. W. Smith, A.R.J.C. 
S<enior Technical Offi.cer-J. W. Sweeting, B.Sc. 
S~nior Technical Offi.cer-J. Szewczyk, Dip!. Ing. Chem. 
Technical Officer-P. R. C. Goard, B.Sc. 
Technical Officer-Miss R. E. Lack, B.Sc. 
Technical Officer-R. P. McDonald, M.Sc. 
Technical Officer-Miss A. Mel. Murray, B.Sc. 
Technical Officer-R. J. Neronowicz, Dipl. Eng. 
Technical Officer-D. H. Philipp, A.S.T.C. 
Technical Officer- H. N. S. Schafer, B.Sc. (Hons.). 
Technical Officer- W. 0 . Stacy, B.Sc. 
Technical Officer-J. N. Stephens, M.A. 
Technical Officer-A. Watts, A.S.M.B. 
Technical Officer-Mrs. P . White, B.Sc. 
Librarian-Mrs. R. Watkinson, B.Sc. 

10. DAIRY RESEARCH SECTION. 

(Head-quarters : Graham-road, Highett, Victoria.) 
Officcr-in-charge-G. Loftus Hills, B.Agr.Sc. 
Laboratory Secretary-A. K. Klingender, B.Sc. 
Principal Research Officer-N. King, M.Sc. 
Senior Research Officer-E. G. Pont, M.Sc.Agr. 
Senior Research Officer- K. Kumetat, Dr. Phil. 
Senior Research Officer-J. Conochie, B.Sc. (Agric.). 
Senior Research Officer-J. Czulak, B.Sc. (Agric.) , Dip. 

Bact. 
Research Officer-D. A. Forss, M.Sc. 
Research Officer-I. W. Lee, B.Sc. (on leave). 
Research Officer- A. J. Lawrence. B.Sc. 
Senior Technical Officer-Miss B. M. P. Keogh, M.Sc. 
Technical Officer- R. Beeby, A.R.M.T.C. 

11. DIVISION OF ELECTROTECHNOLOGY. 

(Head-quarters: National Standards Laboratory at 
University of Sydney.) 

Chief-F. J. Lehany, M.Sc. 
Technical Secretary-R. C. Richardson, B.E. 
Senior Principal Research Officer- W. K. Clothier, B.Sc., 

M.E. 
Principal Research Officer-A. M. Thompson, B.Sc. 

(Hons.) . 
P rincipal Research Officer-R. J. Meakins, B.Sc., Ph.D. 
Principal Research Officer-B. V. H amon, B.Sc. (Hons.), 

B.E. 
Principal Research Officer- D. L. Holloway, B.E.E. , 

M.Eng.Sc., D.Sc.(Eng.) . 
Senior Research Officer- L. G. Dobbie, M.E. 
Senior Research Officer- J. S. Dryden, M.Sc., Ph.D. 
Senior Research Officer-J. J . O'Dwyer, B.Sc., B.E., Ph.D. 
Senior Research Officer-T. M. Palmer, D ipl.F.H. 
Senior Research Officer-D. L. H. Gibbings, B.E., B.Sc., 

Ph.D. 
Senior Research Officer- D. W. Posener, M.Sc., Ph.D. 

Research Officer-G. J. A. Cassidy, B.E.E. 
Research Officer-H. K. Welsh, M.Sc. 
Research Officer-D. G. Lampard, M.Sc., Ph.D. 
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. (Hons.) (student· 

ship abroad) . 
Principal Technical Officer-L. Medina, Dipl.Ing. 
Principal Technical Officer-L. M. Mandi, Dipl.Ing. 
Senior Technical Officer-H. A. Smith, A.S.T.C. 
Senior Technical Officer-F. C. Brown, A.S.T.C. 
Senior Technical Officer-R. W. Archer, A.S.T.C. 
Senior Technical Officer- D. B. Armitage, B.Sc., B.E. 
Technical Officer-E. Cowcber, B.A., A.S.T.C. (on leave). 
Technical Officer-M. C. McGregor, A.S.T.C. 
Technical Officer-H. Bairnsfatber. 
Technical Officer-H. C. Collins, A.S.T.C. 
Technical Officer-J. M. Melaoo, A.S.T.C. 
Technical Officer-R. E. Holmes, A.S.T.C. 
Technical Officer-R. P. Hoffman, A.Sw.T.C. 
Technical Officer-F. C. Hawes, A.S.T.C. 
Technical Officer-J. S. Cook, B.Sc. 
Technical Officer-I. K. Harvey, A.S.T.C. 
Technical Officer-D. A. Mustard, B.Sc. (Hons.). 
Technical Officer-J. L. Goldberg, B.Sc., B.E. 
Technical Officer-P. Buss, A.S.T.C. 
Technical Officer-K. S. Reid, A.S.T.C. 

12. ENGINEERIN G SECTION. 

(Head-quarters: Explosives F actory, Maribyrnong.) 

Officer-in-chnrge-R. N. Morse, B.Sc., B.E. 
Electrical and Mechanical Engineer-F. -0. Hogg, B.E. 
Senior Research Officer-J. J. Kowalczewski, Dipl.Ing. 
Research Officer- M. G. Kovarik, Dipl.lng. 
Research Officer-I. P. Arthur, B.Mecb.E. (on leave). 
Principal Technical Officer-K. A. Robeson, B.Mecb.E. 
Principal Technical Officer-G. M. Rostos, Dipl.Ing. 
Senior Technical Officer-J. T. Czarnecki, Dipl.Ing. 
Chief Draughtsman-G. T. Stephens, Dip.Mech.Eng., 

Dip. Blee.Eng. 
Senior Technical Ofliccr-D. W. Cunliffe, F.R.M.T.C. 
Sectional Draughtsman-W. R. Read. 
Sectional Draughtsman-I. R. Mitchell, Dip.Mech.Eng., 

Dip.Elec.Eng. 
Draughtsman, Grade 11.-E. T. Davey. 
Draughtsman, Grade II.-D. H. Lee. 
Draughtsman, Grade 11.-H. L. Chapman. 
Sectional Draughtsman-C. M. Williamson (at Sydney). 

13. DIVISION OF ENTOMOLOGY. 

(Head-quarters: Canberra, Australian Capital 
Territory.) 

At Canberra
Administration-

Chief-A. J. Nicholson, D .Sc., F.A.A. 
Assistant Chief- D . F. Waterhouse, D.Sc., F.A.A. 

(abroad). 
Technical Secretary-K. L. Taylor, B.Sc.Agr. 

Population Dy11amics-
Chief of Division-A. J. Nicholson, D.Sc., F.A.A. 
Senior Technical Officer- A. T. Mills. 

Field Population Studies-
Principal Research Officer-L. R. Clark, M.Sc. 
Technical Officer-A. Magassy, Dr.Agr.Sc. 

Termite lnvestigations-
P rincipal Research Officer-F. J. Gay, B.Sc. (Hons.), 

D.I.C. 
Locust and Grasshopper Investigations-

P rincipal Research Officer- K. H. L. Key, D.Sc. 
Technical Officer-L. J. Chinnick, R.D.A. 

Miscellaneous Grasshopper Jnvestigations-
Researcb Officer-D. P. Clark, B.Sc. (Hons.), Ph.D. 
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Biological Co11trot-
Principal Research Officer-F. Wilson, D.I.C. 
Research Officer-G. F. Bornemissza, Ph.D. 
Research Officer-Mrs. M. Carver, B.Sc. (Hons.), 

Ph.D. 
Insecticide Investigatio11s-

Senior Research Officer-R. W. Kerr, B.Sc. 
Physiology and Toxico/ogy-

Assistant Chief-D. F. Waterhouse, D.Sc., F.A.A. 
(abroad). 

Principal Research Officer-D. Gilmour, M.Sc. 
Senior Research Officer-R. H. Hackman, M.Sc., 

Ph.D. 
Senior Research Officer-R. F. Powning, A.S.T.C., 

M.Sc. 
Research Officer-L. B. Barton-Browne, B.Sc. 

(Hons.), Ph.D . 
Research Officer- A. R. Gilby, M.Sc., Ph.D. 

(studentship leave). 
Senior Technical Officer-H. Irzykiewicz. 
Technical Officer-Mrs. M. M. Goldberg, B.Sc. 

(Hoos.). 
Taxo110111y of Diptera-

Senior Research Officer- S. J . Paramonov, D.Sc. 

Museum-
Rescarch Officer- T. G. Campbell. 

Virus Vector J11 vestigatio11s-
Principal Research Officer-M. F . Day, B.Sc. (Hons.), 

Ph.D., F.A.A. (seconded to A.S.L.0., Washington). 
Research Officer-T. D. C. Grace, B.Sc. (Hons.). 
Technical Officer-N. E. Grylls, D.D.A. 

Cockclzafer lflvestigations-
Senior Research Officer- P. B. Carne, B.Agr.Sc., 

Ph.D. 
Am Investigations-

Senior Research Officer-T. Greaves. 
Pasture Cmerpillar lnvestigatio11s-

Principa\ Research Officer-I. F. B. Common, M.A., 
M.Agr.Sc. 

Stored Products Pests lnvestigations-
Senior Research Officer-S. W. Bailey, B.Sc. (Hons.). 

Potato Moth and Taxonomy of Hymenoptera
Senior Research Officer-E. F. Riek, M.Sc. 

Sheep Blowfly £co/ogy-
Principal Research Officer-K. R. Norris, M.Sc. 

At Yeerongpilly, Queens/a11d-
Ca11le Tick J11 vestigatio11s-

Senior Research Officer-P. R. Wilkinson, M.A. 
Senior Research Officer-W. J . Roulston, B.Sc. 
Technical Officer-R. A. J: Meyers, Q.D.A.H ., 

Q.D.D. 
Technical Officer- H . J . Schnitzerling, Dip.Ind.Chem. 
Technical Officer-B. F. Stone, Dip.Ind.Chem. 
Technical Officer-C. A. Schuntner, B.Sc. 

At Ned/ands, Western Australia-
Earth Mite and Lucerne Flea /llvestigations-

Senior Research Officer-M. M. H. Wallace, B.Sc. 
(Hons.). 

Technical Officer- J. A. Mahon, Dip.D .Sci. 
At Sydney

Biological Control-
Senior Research Officer-G. J . Snowball, B.Sc. 

(Hons.). 
Technical Officer-R. G. Lukins, B.Sc. 

14. DIVISION OF FISHERl ES AND O CEANOGRAPHY. 

(Head-quaners: Crooulla, New South Wales.) 

At Cronulla-
Cbief-G. F. Humphrey, M.Sc., Ph.D . 
Technical Secretary-Mrs. L. M. Willings. B.A. 

(Hons.). 

Research Fellow-L. G. M. Baas Becking, Ph.D., 
D .Sc. 

Principal Research Officer-D. J . Rochford, B.Sc. 
(Hons.). 

Principal Research Officer-E. J . Ferguson Wood, 
B.A., M.Sc. 

Senior Research Officer-I. S. R. Munro, M.Sc. 
Senior Research Officer-J. M. Thomson, M.Sc. 
Research Officer-R. S. Spencer, B.Sc. (Hons.). 
Research Officer-T. R. Cowper, B.Sc. (Hons.). 
Research Officer-W. B. Malcolm, B.Sc. 
Research Officer-W. Dall, M.Sc. 
Research Officer-G. S. Grace, B.Sc. 
Research Officer-J . P. Robins, B.Sc. 
Research Officer-R. J. Macintyre, M.Sc. 
Research Officer-I. R. Kaplan, M.Sc. 
Research Officer-H. B. Wiseley, M.Sc. 
Technical Officcr-D. J. Dunsran, B.Sc. 
Technical Officer-H. R. Jitts, B.Sc. 
Technical Officer-N. L. Brown, A.S.T.C. 
Technical Officer-P. S. Davis, A.S.T.C. 
Technical Officer-C. Walker, M. Pharm. 
Technical Officer- Miss B. B. Dew, B.A. 

At Me/bourne-
Technical Officer-P. E. Gartner, M.C., B.Sc. 

At Lakes Entrance, Victoria-
Research Officer- D. E. Kurth, M.Sc. 

At Perth-
Senior Research Officer-K. Sheard, D.Sc. 
Research Officer- R. G. Chittlcborough, M.Sc., Ph.D. 
Research Officer-R. W. George, B.Sc. (Hons.). 
Technical Officer-A. MiddJeton, B.Sc. 

At Hobart-
Senior Research Officer- A. G. Nicholls, B.Sc. 

(Hons.), Ph.D. 
Senior Research Officer-A. M. Olsen, M.Sc. 
Senior Research Officer-A. H. Weatherley, B.Sc. 

At Thursday Js/a11d, Queens/a11d-
Research Officer-J. S. Hynd, B.Sc. (Hons.). 
Technical Officer-D. J. Tranter, B.Sc. 

15. DIVLSION OF Fooo PRESERVATION AND T RANSPORT. 

(Head-quarters: State Abattoir, Homebush Bay, 
New South Wales. 

At llomeb11sh, Nell' South Wales-
Admi11istratio11 and General

Chicf- J. R. Vickery, M.Sc., Ph.D. 
Technical Secretary-R. B. Withers, M.Sc., Dip.Ed. 
Technical Officer-Miss E. M. Christie, B.Sc. 
Senior Librarian-Miss B. E. Johnston, B.Sc. 

Physics and Transport Secrion-
Seaior Principal Research Officer-E. W. Hicks, B.A., 

B.Sc. 
Senior Research Officer-M. C. Taylor, M.Sc. 
Research Officer-H. L. Evans, M.Sc. 
TecbnicaJ Officer-J . D. Mellor. 
Technical Officer-Mrs. J . A. Anet, B.Sc. 

Microbiology Section-
Senior Principal Research Officer-W. J. Scott, B.Agr. 

Sc. 
Senior Research Officer-W. G. Murrell, B.Sc.Agr., 

D.Phil. 
Research Officer-J. H . B. Christian, B.Sc.Agr. 

(Hons.) (overseas). 
Research Officer-R. H. Leach, M.Sc., D.Phil. 
Senior Technical Officer-D. F. Ohye, D.I.C. 
Technical Officer-P. R. Maguire. 
Technical Officer-Miss B. J. Marshall, A.S.T.C. 

Biochemistry Jn vestigations-
Principal Research Officer-F. 8. Huelin, B.Sc. 

(Hons.) , Ph.D. 
Research Officer- ]. B. Davenport, M.Sc. 
Technical Ofllcer- B. H . Kennett, A.S.T.C. 



Organic Chemistry lnvesligations-
Senior Research Officer-Miss T. M. Reynolds, M.Sc., 

D.Phil. 
Research Officer-£. F. L. J. Anet, M.Sc., Ph.D. 
Research Officer- D. L. Ingles, M.Sc., Ph.D. 

Fruit and Vegetable Storage Seclion-
Senior Research Officer-E. G. Hall, B.Sc.Agr. 

(Hoos.). 
Research Officer-Miss J. M. Bain, M.Sc. 
Research Officer-K. J . Scott, B.Sc.Agr., Dip.Ed. 

(New South Wales Department of Agriculture). 
Technical Officer-T. I. Riley, H.D.A. 
Technical Officer-J. B. Lee. 

Ca1111i11g and Fruit Products Section-
Senior Principal Research Officer- L . J. Lynch, 

B.Agr.Sc. (Hons.). 
Principal Research Officer-I. F. Kefford, M.Sc. 
Senior Research Officer-R. S. Mitchell, M.Sc.Agr. 
Research Officcr-B. V. Chandler, B.Sc. (Hons.). 
Research Officer-E. G. Davis, B.Sc. (Hons.). 
Research Officer-P. W. Board, B.Sc. (Hons.). 
Research Officcr-D. I . Casimir, B.Sc. (Hons.) , 

Dip.Ed. 
Technical Officer- K. A. Harper, A.S.T.C. 

Dried Foods Section-
Research Officer-D. McG. McBean, B.Sc. 
Technical Officer-A. A. Johnson, A.S.T.C. 

Fislz Preservmiori /ll vestigations-
Principal Research Officer-W. A. Empey, B.V.Sc. 
Technical Qfficer- W. A. Montgomery, A.S.T.C. 

Egg In vestigations-
Chief-I . R. Vickery, M.Sc., Ph.D . 
Senior Technical Officer- F. S. Sheostone, A.S.T.C. 

Freezing of Fruit and Vegetables-
Researcb Officer-S. M. Sykes, B.Sc.Agr. (New 

South Wales Department of Agriculture). 
Research Officer-I. J. Tinsley, B.Sc., M.S. (over

seas). 
Research Officer-J. H. Sc.beltema, M.Sc. 

At Auburn, New South Wales
Meat Dehydration Investigations-

Senior Research Officer-A. R. Prater, B.Sc.Agr. 
Technical Officer-F. I . Gardner, B.Sc.Agr. 

At Botany School, University of Syd11ey
Plant Physiology lllvestigatio11s-

Chicf Research Officer-R. N. Robertson, B.Sc., 
Ph.D., F.A.A. 

Senior Research Officer-H. S. McKee, B.A., D.Phil. 
(overseas) . 

Senior Research Officer- J. F. Turner, M.Sc., Ph.D. 
Research Officer-S. I. Honda, M.Sc., Ph.D. 
Research Officer-Mrs. D. H. Turner, M.Sc., Ph.D . 
Research Officer- A. 13. Hope, B.Sc. (Hons.) , Ph.D. 

(overseas) . 
Research Officer-I . D. McLean, B.Sc. (Hons.). 
Technical Officer-M. D. Hatch, B.Sc. (Hons.) . 
Technical Olllcer- N. F . B. Tobin, B.Sc. (Hons.). 
Technical Officer-J. Smydzuk, Ing. of Cb. 

At Botany School, University of M elboume
Plant Physiology lnvestigatio11s-

Researcb Officer- K. S. Rowan, M.Sc., Ph.D. 

At Biochemistry School, U11iversily of Syd11ey-
Physical Chemistry Section-

Senior Research Officer-H . A. McKenzie, M.Sc. 
Resenrcb · Officer-J. I. Macfarlane, M.Sc. 
Senior Technical Officer- M. B. Smith, l3.Sc. 
Technical Officer-Miss J . F. Back, B.Sc., Dip.Ed. 

At Tasmanian Regional Laboratory, Hobart, Tasmania
Canning and Fruit Products-

Senior Technical Officer- R. A. Gallop, A.S.T.C. 

At Cannon Hill, Q11ee11s/a11d-
Meat l nvestigations

Officer-in-charge-A. Howard, M.Sc. 
Senior Research Officer-G. Kaess, Dr.Ing. 
Research Officer-A. D. Brown, M.Sc. 
Research Officer- H. L. Webster, B.Sc., Ph.D. 
Technical Officer- N. T. Russell, D.I.C. 
Technical Officer- M. F . Meaney, B.Sc. (Hons.). 
Technical Officer- P. E. Bouton, B.Sc. 
Technical Officer- I. F. Weidemann, B.Sc. 

16. DtVlSlON OF FOREST PRODUCTS. 

(Head-quarters: 69 Yarra Bank-road, South Melbourne, 
Victoria.) 

Administration-
Chief-S. A. Clarke, B.E. 
Assistant Chief-C. S. Elliott, B.Sc. (Hons.). 
Assistant Chief-H . E. DadsweU, D.Sc. 
Tecbnical Secretary-F. A. P riest, A.S.A.S.M. 
Research Officer-A. P. Wymond, M.Sc. 
Senior Librarian-Miss M. I. Hulme. 
Librarian-Miss A. Forbes. 
Principal Technical Offi.cer- L. Santer, M.Mech.E. 
Technical Officer- P. I. Moglfa, Dip.Mech.Bog. 

Wood and Fibre Structure Section-
Chief Research Officer-in-chnrge-H. E. DadswelJ, 

D.Sc. 
Principal Research Officer-A. B. Wardrop, M.Sc., 

Ph.D. 
Senior Research Officer- Miss M. M. Chattaway, 

M.A., B.Sc., D.PhiJ. 
Senior Research Offi.cer-W. E. Hillis, M.Sc. 
Senior Research Officer-H . D. Ingle, B.For.Sc. 
Senior Technical Officer-C. F. James, B.Sc. 
Senior Technical Officer-I . W. P. Nicholls, B.Sc. 
Technical Officer-Miss M . F. Day, B.Sc. (on 

extended leave). 
Technical Officer-Mrs. E. Scaife. B.Sc. 

Wood Chemistry Section-
Senior Principal Research Officer-W. E. Cohen, 

D.Sc. 
Principal Research Officer-D. E. Bland, M.Sc. 
Principal Research Officer- H. G . Higgins, B.Sc. 

(Hons.) 
Senior Research Officer-R. C. McK. Stewart, B.Sc. 
Senior Research Officer-A. J. Watson, A.R.M.T.C. 
Research Officer-Miss I. F . Hobden, B.Sc. (Hons.). 
Technical Officer-Miss V. Goldsmith, A.R.M.T.C. 
Technical Officcr-B. Himyj, Dip.Eng., Dip.Chem. 
Technical Officer-A. W. McKenzie, A.R.M.T.C. 
Technical Officer- Miss G. Schwerin, B.Sc. 

Timber~ Physics Section-
P rincipal Research Officer-R. S. T. Kingston, B.Sc., 

B.E. 
Senior Research Officer-G. N. Christensen, M.Sc., 

Ph.D. 
Senior Research Officer-L N . Clarke. M.Mecb.E .. 

B.Eug.Sc. 
Research Officer-Miss K. E. Kelsey, M.Sc. 
Senior Technical Officer-L. D. Armstrong. 

A.R.M.T.C. 
Senior Technical Officer-D. R. L. Callow, B.E. 

(Mech. and Blee.) 
Senior Technical Officer- N . C. Edwards, A.S.M.B. 
Senior Technical Officcr-P . U. A. Grossman, M.Sc., 

Ph.A.Mr. 

Timber Mechanics Section-
Principal Research Officer-J. D. Boyd. M.C.E. 
Senior Research Officer- N. H. Kloot, M.Sc. 
Senior Research Officer-R. G. Pearson, B.A., B.C.E. 
Senior Technical Officcr-R. N. Bournon. 
Senior Technical Officer-J. J . Mack, A.R.M.T.C. 
Technical Officer- Miss A. Ryno. A.R.M.T.C. 
Technical Officer-K. B. Schuster, A.R.M.T.C. 
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Timber Seaso11i11g Sec11011-

Senior Principal Research Officer-G. W. Wright, 
M.E. 

Principal Research Officer- J. W. Gottstein, B.Sc. 
Research Officer-W. G. Kauman, B.Sc. (Hons.). 
Senior Technical Officer-L. J. Brennan. 
Senior Technical Officcr-G. S. Campbell. 
Technical Officer-F. I . Christensen, A.R.M.T.C. 
Technical Officer-A. Stashevski, Dip.For.Eng. 

E.T.H. 
Technical Officer-R. Finighan, A.R.M.T.C. 

Timber Preservation Sectio11-
Prin'cipal Research 001ccr-N. Tamblyn, M.Sc. 

(Agric.) 
Senior Research Officer-E. W. B. DaCosta, 

M.Agr.Sc. 
Senior Research Officer- E. L. Ellwood, M.Sc. (For.), 

Ph.D. . 
Research Officcr- P. Rudman, B.Sc., Ph.D., Dip. 

Microbiol. 
Principal Technical Officer-F. A. Dale, Dip.Mech. 

Eng. 
Senior Technical Officer- ) . Beesley, M.Sc. (For.). 
Senior Technical Officcr- N. E. M. Walters, B.Sc. 

(Hons.) 
Technical Officer-Miss F. J. Lloyd. B.Sc. 
Technical Offi.cer-D. F. McCarthy, A.R.M.T.C. 

Timber U1i/izario1t Section-
Senior Principal Research Officer-R. F. Turnbull, 

B.E. 
Senior Research Officer-K. F. Plomley, B.Sc. 

(Agric.). 
Research Officcr-W. M. McKenzie. B.Sc. (For.). 
Senior Technical Officer- R. L. Cowling, Dip.Mech. 

Eng., Dip.E.E. 
Senior Technical Officer-D. S. Jones, 13.C.E. 
Technical Officer-W. G. Keating. D ip.App.Sc. 

17. DIVISION OF I NDUSTRIAL CHEMISTRY. 

(Head-quarters: Lorimer-street, Fishermen's Bend, 
Victoria. 

Administratio11-
Chief-J. W. Wark, D.Sc., Ph.D., F.A.A. 
Divisional Secretary-W. E. Ewers. M.Sc. 

Minerals U1ilization Section-
Senior Principal Research Ofllcer-R. G. Thomas. 

B.Sc. 
Principal Research Officer-F. K. McTaggart, M.Sc. 
Principal Research Officer- T. R. Scott, D .Sc., B.Ed. 
Principal Research Officer- A. Walkley, B.A., D.Sc .. 

Ph.D. 
Principal Resea rch Ofl1cer-A. W. Wylie. D.Sc., 

Ph.D. 
Senior Research Officer- R. C. Croft, M.Sc. 
Senior Research Officer-I. E. Newnham, M.Sc. 

(Hons.). 
Senior Research Officcr- E. S. Pilkington, A.S.T.C. 
Senior Research Officer-A. D. Wadsley, M.Sc. 
Research Officcr-D. F. A. Koch, B.Sc. (Hons.). 

M.Sc. 
Research Officer-D. E. Scaife, B.Sc. (Hons.) 
Research Officer-A. G. T urnbull. B.Chem.Eng. 

(Hons.). 
Research Officer-I. H. Warren, B.Sc. (Hons.), Dipl. 

Chem.Techn. 
Senior Technical Officcr- H. R. Skewes, A.R.A.C.T. 
Technical Officer-Miss T. I. Bear, A.R.M.T.C. 
Technical Officer-H. W. Pander, B.Sc. (Special). 
Technical Officer- L. T. Rogers, A.R.M.T.C. 
Technical Officer- Miss E. E. Rutherford. B.Sc. 

Cement and Ceramics Section--
Principal Research Officer- A. J. Gaskin, M.Sc. 
Principal Research Officer-H. E. Vivian, B.Sc. Agr. 
Principal Research Officer-0. F. Walker, B.Sc. 

(Hons.), Ph.D. 
Principal Research Officer-W. 0. Williamson, B.Sc. 

(Hons.), Ph.D. 
Senior Research Officer-S. M. Brisbane, B.A., B.Sc. 
Senior Research Officer- H. Ellerton (at Bonython 

Research Laboratory, School of Mines, Adelaide). 
Senior Research, Officer-L. S. Williams, D. Phil., B.E. 
Research Officer-K. M. Alexander, M.Sc., Ph.D. 
Research Officer-G. M . Bruere, M.Sc. 
Research Officer-J. H. Taplin, B.Sc. (Hons.). 
Senior Technical Officer- C. E. S. Davis, B.Sc. 

(Hons.). 
Senior Technical Officer- K. Grant, B.Sc. (Hons.). 
Senion Technical Officer-R. R. Hughan. 
Senior Technical Officer- I. H. Weymouth, B.Sc. 
Senior Technical Officer-J . D . Wolfe. 
Technical Officer- Miss V. Anderlini, B.Sc. 
Technical Officer-P. J. Darragh, B.Sc. (Hons.). 
Technical Officer-W. G. Garrett, A.R.M.T.C. 
Technical Officer-F. C. Gillespie, B.Sc. (at Bonython 

Research Laboratory, School of Mines, Adelaide). 
Technical Officer-Miss B. C. Terrell, B.Sc. 
Technical Officer-J. Wardlaw, B.Sc. (Hons.). 

Foundry Sands Section-
Senior Research Officer- H. A. Stephens, B.Sc. 

(Hons.). 
Senior Technical Officer-A. N. Waterworth, 

A.H.T.C. 
Technical Officer-P. W. Goad, A.R.M.T.C. (on 

study leave). 

Chemical Physics Section-
Assistant Chief of Division-A. L. G. Rees, D.Sc. , 

Ph.D., F.A.A. 
Senior Principal Research Officer-A. Walsh. 

M .Sc.Tech. 
Principal Research Officer- ]. L. Farrant, M.Sc. 
Principal Research Officer- A. McL. Mathieson. 

D.Sc., Ph.D. 
Principal Research Officer-I . I. McNeill, M.Sc. 
Principal Research Officer-D. A. Davies, B.Sc. 

(Hons.). 
Principal Research Officer- ]. M. Cowley, M.Sc. , 

Ph.D. 
Senior Research Officer-I. D. Morrison. B.Sc . 

(Hons.), Ph.D. 
Senior Research Officer-A. J . C. Nicholson, M.Sc .. 

Ph.D. 
Senior Research Officer-J. B. Willis, M.Sc .. Ph.D. 
Senior Research Officer- I. Fridrichsons, M.Sc. 
Senior Research Officer-G. R. Hercus, M.Sc .. 

D.Phil. 
Senior Research Officer-A. I. Hodge, B.Sc. (Hons.). 

Ph.D. 
Senior Research Officer- B. Dawson, M.Sc., Ph.D. 
Research Officer-C. K. Coogan, M.Sc., Ph.D. 
Research Officer- A. F. Moodie, B.Sc. (Hons.). 
Research Officer-A. C. Hurley, M.A., B.Sc., Ph.D. 

(on leave of absence). 
Research Officer- I . P. Shelton , M.Sc. (seconded 

to A.S.L.O., London). 
Research Officer-F. H. Dorman, M.A., M.Sc., 

Ph.D. 
Research Officer-C. Billington, B.A. 
Research Officer-I. 0. Cope, M.Sc. 
Research Officer-A. F . Beecham, B.Sc. (Hons.). 
Research Officer-N. S. Ham, M.Sc., Ph.D. 
Research Officcr-J. C. Riviere, M.Sc., Ph.D. 
Research Officer-I. V. Sullivan, M.Sc. (at Universitv 

of Western Australia, Perth). ' 
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Research Officer- P. Goodman, M .Sc. 
Research Officer-W. C. T. Dowell, M.Sc. 
Research Officer-Miss Barbara J. Russell, M.Sc. 
Senior Technical Officer--S. E. Powell. 
Senior Technical Officer-G. F. H. Box. 
Technical Officer-E. Cbakanovskis, Dipl.Eng. 
Technical Officer- D. L. Swingler, B.Sc. (Hons.). 

Physical Chemistry Section-
Assistant Chief of Division-K. L. Sutherland, D.Sc., 

Ph.D. 
Principal Research Officer-V. A. Garten, D.Sc. 
Principal Research Officer--S. D. Hamann, M.Sc .. 

Ph.D. (at D epartment of Chemical Engineering. 
University of Sydney). 

Principal Research Officer-D . E. Weiss, B.Sc. 
Senior Research Officer-J. A. Barker, B.A. (Hons.). 

B.Sc. 
Senior Research Officer-I. Brown, B.Sc. (Hons.). 
Senior Research Officer-H. G. David, B.Sc. (at 

Department of Chemical Engineering, University 
of Sydney.) 

Senior Research Officer-W. N. K. Kfag, B.Sc. 
Senior Research Officer-W. W. Mansfield, B.Sc. 

(Hons.). 
Senior Research Officer-£. A. Swinton, B.Sc. 

(Hons.). 
Senior Research Officer-M. E. Winfield, D.Sc .. 

Ph.D. 
Research Officer-A. Ewald, B.Sc., Ph.D. (at Depart

ment of Chemical Engineering, University of 
Sydney). 

Research Officer-T. Gabor, B.Sc. (Hons.). 
Research Officer-A. R. King, B.Sc. (Hons.), Ph.D. 
Research Officer-E. P. Purser, B.Sc. (Hons.). 
Principal Technical Officer- L. F. Evans, D.S.M.B. 
Technical Officer-K. Eppinger, B.Sc. 
Technical Officer- W. Pock, B.Sc. 
Technical Officer-M. Linton, B.Sc. 
Techn ical Officer- R. McNeilJ, A.Sw.T.C. 
Technical Officer-F. Smith, B.Sc. (Hons.). 

Organic Cltemis·try Sec1io11-
Senior Principal Research Officer-H. H. Hatt. 

D.Sc., Ph.D. 
Senior Principal Research Officcr- J. R. Price D.Sc .. 

D.Phil. ' . 
Principal Research Officer-K. E. Murray, B.Sc. 

(Hons.). 
Principal Research Officer-K. W. Zimmermann. 

D.Ing. 
Senior Research Officer-R. B. Bradbury B Sc 

Ph.D. ' . " 
Senior Research Officer-W. D . Crow, M.Sc., Ph.D. 
Senior Research Officer-C. C. I. Culvenor Ph D 

D.Phil. ' .. 

Senior Research Officcr-L. K. Dalton, A.S.T.C. (on 
leave of absence). 

Senior Research Officer-J. S. F itzgerald ""I Sc Ph.D. ' JV ••• 

Senior Research Officer-N. C. Hancox, M.Sc. 
Research Officer-C. S. Barnes, M .Sc., Ph.D. 
Research Officer-I. R. Cannon, M.Sc., Ph.D. 
Research Officer- D. T. Downing B Sc (H ) Ph.D. , . . ons .. 

Research Officcr-E. Gellert, Ph.D. 
Research Officer-I . A. Lamberton, B S (H ) Ph.D. . c. . ons .. 

Research Officer-W. Segal, M.Sc., Ph.D. 
R~sea~ch Officer-P. C. Wailes, M.Sc., Ph.D. 
Techmcal Officer-Miss Y. Greet, B.Sc. 
Techn!cal Officer- P. M. Hunter, A.Sw.T.C. 
Techmcal Officer-M. Michael, M .Sc. (on study 

leave). 
Technical Officer-A. H. Redcliffe, A.RJvI.T.C. 

Technical Officer-L. W. Smith, B.Sc. 
Technical Officer- A. z. Szumer, A.R.M.T.C. (on 

study leave). 
Field Botanist-W. T. Jones (at Brisbane). 

Chemical £11gi11eeri11g Section-
Principal Research Officer-R. W. Urie, B.Sc. (Hons.), 

S.M. 
Senior Research Officer-T. I. Birch, Chem.Eng. 
Senior Research Officer-I. D. Blackwood, M.Sc., 

P h.D . 
Senior Research Officer-0. G. Ingles, B.A., M.Sc. 
Senior Research Officer-A. B. Whitehead, B.Sc. 

(Hons.). 
Research Officer-K. I . Cannon, B.E., Ph.D. 
Research Officer-K. R. Hall, M.Sc. 
Research Officer- P . Terry, B.Sc. (Hons.), M.S. 

(Chem. Eng.) 
Principal Technical Officer-B. W. Wilson, M.Sc. 
Senior Technical Officer-A. J. Stedman, M.A. 
Senior Technical Officcr-D. H. Trethewey, 

A.R.M.T.C. 
Technical Officer-P. Casamento, D .Chem. 
Technical Officer-A. Dielenberg, Dip.Ing. 
Technical Officer-I. D. Pock, B.A 
Technical Officer-F. McGrory, B.Sc. (Chem.Eng.}, 

(Hons.). 
Engineering Services-

Senior Technical Officer-J. B. Ross, B.Sc., 
A.R.M.T.C. 

Sectional Draughtsman-C. Simpson. 
Lihrary-

Librarian-Miss B. M . Brown, B.Sc. 
Ar Divisiori of Electrotechnology, Sydney

Research Officer-H. K. Welsh, M.Sc. 

18. I NDUSTRIAL R ESEARCH LWSON SECTION. 

(Head-quarters: 3 l 4 Albert-street, East Melbourne.) 

Officcr-in-charge-L. Lewis, B.Met.E. 
Senior Research Officer-I. F. H. Wright, B.Sc. 
Senior Technical Officer-J. D. Dover, A.S.T.C. 

19. fRR!OATION RESEARCH STATIONS. 

(Head-quarters, Merbein, Victoria.) 

Senior Officer-i n-charge-F. Penman, M.Sc. 

A t Commonwealth R esearch Station, Merbein (Murray 
lrdgation Areas)

Officer-in-charge-F. Penman, M.Sc. 
Technical Secrctary-D. V. Walters, M.Agr.Sc. 
Principal Research Officer-I . G. Baldwin, B.Agr.Sc., 

B.Sc. 
Senior Research Officer-R. I . L. Martin, M.Sc., 

Ph.D. 
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 Officcr-D. McE. Alexander, B.Sc. 
Research Officer-M. Maasland, Ir.Agr., M.Sc. 
Research Officer- J. V. Seekamp, B.Agr.Sc. (part-

time). 
Senior Technical Officer-I. E. Giles. 
Technical Officcr--S. A. Giddings, B.Sc. 
Technical Officer- P. May, Ing.Agr. 

A 1 irrigation Research Station, Griffith (M urrumbidgee 
lrrigatio11 Area)-

Officer-in-charge-E. S. West, B.Sc., M.S. 
Research Officer-C. T . Gates, B.Sc.Agr. (Hons.). 
Research Officer-T. Talsma, lr.Agr. 
Research Officcr-D. Bouma, Jr.Agr. 
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Research Officer-H. Groenewcgen, Ir.Agr. 
Research Officer-R. F. Black, B.Sc. (Hons.). 
Research Officer-Mrs. J. Tully, B.Sc. (Hons.), 

Ph.D. (seconded to Agricultural Research Liaison 
Section). 

Technical Officer-Miss J. Connor, B.Sc., Ph.D. 
(abroad). 

Librarian-Miss M. Russell. 

20. LAND RESEARCH AND R EGIONAL SURVEY S ECTION. 

(Head-quarters: Canberra, Australian Capital Territory.) 

Head-quarters-
Officer-in-charge-C. S. Christian, B.Agr.Sc., M.S. 
Technical Secretary-Miss M. Mills, B.Sc. (Hons.). 
Technical Officer-W. J. Curnow, B.Sc. 

Regional Surveys-
Principal Research Officer-G. A. Stewart, M.Agr.Sc. 

A 11stra/ia11 Mainland Survey, Canberra
Research Officer-N. H. Speck, M.Sc. 
Research Officer-W. H. Litchfield, B.Sc.Agr. 

(seconded from Division of Soils). 
Research Officer-C. R. Twidale, M.Sc. (on study 

leave abroad). 
Technical OJficer-M. Lazarides, Q.D.A. 

Papua-New Guinea Survey, Canberra-
Senior Research Officer-H. A. Haantjens, Jng.Agr. 
Senior Research Officer-R. D. Hoogland, D.Sc. 
Research Officer-B. W. Taylor, B.Sc. 
Research Officer-E. Reiner, Dr.rer.nat. 
Technical Officer- J. Saunders, B.Sc.Agr. 

Agricultural Researcli-
Principal Research Officer-E. Phillis, Ph.D., D.Sc. 

At Katherine Re.~earch Station, Northam Territo1y
Research Officer-W. Arndt, B.Agr.Sc. 
Research Officcr-M. J. T. Norman, B.Sc. (Hons.), 

Ph .D. 

Research Ofticer-R. Wetselaar, Ing.Agr. 
Technical Officer-L. J. Phillips, Q.O.D.M. 
Technical Officer-W. R. Stern, B.Sc.Agr. 

At Kimberley Research Station, Western A 11stra/ia
Research Officer-L. C. Lee, B.Agr.Sc. 
Technical Officer-E. C. B. Langfield. 
Technical Officer- A. L. Chapman, B.Agr.Sc. 

Climatology, Canberra-
Research Officer-R. 0. Slatyer, M.Sc., (Agric.) . 
Research Officer-J. L. Frith, B.Sc. (Agric.) (Hons.). 
Research Officer-J. C. Turner, B.Sc.Agr. (Hons.). 

A rid Zone Researclz-
Senior Research Officer-R. A. Perry, M.Sc. 

At Alice Springs-
Technicn1 Officer-R. E. Winkworth, B.Sc. (Hons.). 

21 . MATHEMATICAL INSTRUMENTS SECTfON. 

(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. 
Technical Officer-A. V. Savory, M.I.E. (Aust.). 

22. DIVISION OF MATHE!MAT!CAL STATISTICS. 

(Head-quarters: University of Adelaide.) 
At Head-quarters, Adelaide-

Chief-B. A. Cornish, B.Agr.Sc., D.Sc .. F .A.A. 
Principal Research Officer-A. T . James, M.Sc .. 

Ph.D. 
Research Officer-G. N. Wilkinson, B.Sc. (Hons.). 
Research Officer-G . W. Hill, M.Sc. 

At Division of Animal Health and Production, Sydney-
Technical Officer-A. M. W. Verhagen, 
Cand.Nat.Pbil. ( Utrecht), B.A. (Hons.). 

At Division of Animal Health and Production, Prospec1, 
New South Wa/es-

Researcb Officer-H. Weiler, Lic.es.Sc.(Par.). 
At Division of Building Research, Highett, Victoria

Senior Research Officer-R. Birtwistle, B.Sc. 
Technical Officer-G. A. Watterson, B.A. (Hons.). 

At Division of Food Preservation and Transport, 
Homebush, New Sot~th Wales-

Scnior Research Officer-G. G. Coote, B.A., B.Sc. 
Research Officer-A. G. L. Elliott, B.Sc. (Hons.). 
Research Officer-A. G. Constantine, B.Sc. (Hons.). 

At Division of Forest Products, Melboume-
Principal Research Officer-E. J. Williams, B.Com., 

D.Sc. 
At Division of Plant Industry, Canberra-

Senior P rincipal Research Officer-G. A. Mcintyre, 
B.Sc. (Hons.), Dip.Ed. 

Research Officer-M. L. Dudzinski, B.Sc., B.Ec. 
(Hons.). 

A t Division of Plant Industry, Brisbane-
Rcsearch Officer- K. P. Haydock, B.Sc. (Hons.). 

At Regional Pastoral Laboratory, A rmidale, New South 
Wales-

Rescnrch Officer-P. F. May, B.Sc.Agr. (Hons.). 
At Western A11stralia11 Regional Laboratory, Perth

Rcsearch Officer-N. S. Stenhouse, B.Sc. 
At Wool Textile Research Laboratory, M elbourne

Research Officer-W. B. Hall, B.A. 

23. DIVISION OP METEOROLOGICAL PHYSICS. 

(Head-quarters: Station-street, Aspendale, Victoria.) 
Chief- C. H. B. Priestley, M.A., Sc.D., F.A.A. 
Senior Principal Research Officer-W. C. Swinbank, 

B.Sc. (Hons.). 
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. Mclfroy, B.Sc. 
Research Officcr-E. K. Webb, B.A. (Hons.), B.Sc. 
Research Officer-A. J. Dyer, M.Sc., Ph.D. 
Research Office r-F. K. Ball, B.Sc. (Hoos.). 
Research Officer-C. F. Barrett, M.Sc. 
Senior Technical Officer-D. E. Angus, B.Sc. 
Technical Officer-A. J. Troup, B.Sc. 
Technical Ofticer-R. R. McGregor, Dip.App.Sc. 
Technical Officer-D. R. Samuel, Dip.App.Phy. 

24. 0 MSJON OF METROLOGY. 

(Head-quarters: National Standards Laboratory at 
University of Sydney.) 

Administration-
Chief-N. A. Esserman, B.Sc. 
Technical Secretary-N. J. C. Peres, M.Sc. 
Technical Officer-0 . Pain. 

Length Section-
Scnior Research Officer-M. J. Puttock, B.Sc. (Eng.). 
Research Officer-Miss M. 0. J. Pearce, M.Sc. 
Research Officer-E. G. Thwaite, B.Sc. 
Principal Technical Officer-R. H. Furniss, A.S.T.C. 
Senior Technical Officer-B. H. P. Cresswell, 

A.S.T.C. 
Senior Technical Officer-Miss M. C. Dive, B.Sc. 
Technical Officer- W. A. F. Cuningbame, B.E. 
Technical Officer-Miss P. M. Yelland. 
Technical Officer-J. W. Bell. 
Technical Officer-P. J. Sim, B.E., B.Sc. 
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Mass Section-
Pcincipal Research Officer-G. A. Bell, B.Sc. 
Research Officer-I. F. Mayer, B.E., B.Sc. 
Senior Technical Officer-I. W. Humphries, B.Sc. 
Senior Technical Officer- Miss M. M. Douglas, B.Sc. 
Technical Officer- E. Grunwald, Dip.Ing. 

Interferometry Section-
Principal Research Officer-C. F. Bruce, M.Sc. 
Senior Research Officer-H. J. Ritter, Dr.rer.nat. 

math. 
Research Officer- B. S. Thornton, M .Sc. 
Research Officer-P. E. Ciddor, M.Sc. 
Technical Officer-R. S. Fisher, A.R.M.T.C. 

E!ectro11ics Section-
Senior Research Officer-H. A. Ross, A.S.T.C. 
Senior Technical Officer-G. W. Gore, B .E. 

Applied Mechanics Section-
Senior Principal Research Officer-C. A. Gladman, 

B.Sc. (Eng.). 
Senior Research Officer-I. A. Macinaote, B.E. 
Senior Research Officer-G. Lorenz, M.E. 
Senior Technical Officer-R. Springer, Dr.Mach. 

Const. 
Senior Technical Officer-R. J. Ellis, B.E. 
Senior Technical Officer-J. Waldersee, B.Sc. 
Senior Technical Officer.-D. H. Fox. 
Senior Technical Officer-A. Gibson, A.S.T.C. 
Senior Technical Officer-P. Albrecht, B.E. 
Technical Officer-L. Cridland, D.E. 
Technical Officer-K. H . Bdensor, A.S.T.C. 

25. MINERAORAPHIC lNvEsTIOATIONS. 

(Head-quarters: University of Melbourne.) 
Officer-in-charge-A. B. Edwards, D.Sc., Ph.D. 
Senior Research Officer-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. 

26. NATIONAL STi\NOARDS LABORATORY. 

(The services shown hereunder are common to tbe 
Divisions of Metrology, Electrotechnology, and 
Physics, housed in the Laboratory.) 

C/erica/-
Chicf Clerk-W. J. Gillespie, F.A.S.A., A.C.I.S., 

J.P. 
Accountant-F. J . Whitty. 

Lihrary-
Senior Librarian-Miss M. McKechoie, B.A. 
Librarian-Miss J. M. Cook, B.,A.. 
Librarian-Miss P. M. Callaghan, B.Sc. 
Librarian-Mrs. M. P. Fowler. 
Librarian-Miss P. I. Ross, B.A. 

Workshops-
Principal Technical Officer-I . Hanna. 

Drawing Of]ice-
Chief Draughtsman- I. Coles. 
Sectional Draughtsman-I. A. Rey, A.M.I.E., I.E.E. 

(Eng.). 
Draughtsman, Grade ll.-R. Partridge. 
Draughtsman, Grade II.-J. Weir. 
Draughtsman, Grade 11.-J . W. Stephenson. 
Dra1,1ghtsman, Grade II.-T. H. Gruetzmacher. 
Draughtsman, Grade II.-E. Emanuel. 
Draughtsman, Grade 11.- R. J. Taylor. 

27. 0ENOLOGICAL RESEARCH. 

(Head-quarters: Waite Agriculrural Research Institute, 
Adelaide.) 

Officer-in-charge-J. C. M. Fornacnon, M.Sc., B.Ag.Sc . 
Research Officcr-B. C. Rankine, M.Sc. 

28. ORE-DlU!SSJNO lNVESTIOATIONS. 

(Head-quarters: University of Melbourne.) 

Officer-in-charge-Associate Professor H. H. Dunkin, 
B.Met.E. 

Principal Research Of!icer- K. S. Blaskett, B.E. 
Research Officer-S. B. Hudson, M.Sc. 
Research Officer-I. T. Woodcock, B.Met.E., M.Eng.Sc. 
Senior Technical Officer-P. D. Drews. 
Technical 0.fficer-W. J. Trabar, B.Sc. 
Technical Officer-D. }{. Parkhurst, A.R.M.T.C. 

29. PHYSICAL METALLURGY SECTJON. 

(Head-quarters: University of Melbourne.) 

Officer-in-charge-Professor H. W. Womer, D.Sc. 
Senior Research Officer-R. C. Gifkins, B.Sc. 
Research Officer-D. R. Miller, M.Sc. 
Research Officer- I. W. Suiter, M.Sc. 
Senior Technical Officer-I. A. CQrbett. 

30. DIVISIONS OF PHYSICS. 

(Head-quarter&: National Standards Laboratory at 
Upiversi\y of Sydney.) 

Administration-
Chief- Dr. G. H. Briggs, D.Sc., Ph.D. 
Laboratory Secretary-A. G. Driver, B.Sc. 

B ea/-
Principal Re~earc;h Officer-A. F. A. Harper, M.Sc. 
Senior Researc;h Officer~W. R. 0. Kemp., B.Sc. 
Senior Research Officer-R. G. Wylie, M.Sc., Ph.D. 
Senior Research Oflicer- P. G. Klemens, M.Sc., 

D.Phil. 
Research Officer-W. A. Caw, B.Sc. (Hons.). 
Research Oftici;r- Miss R. Scott, B.Sc. (on leave 

abroad). 
Research Officer-J. Middlehurst, B.Sc. (Hons.). 
Research Officer-I. V. McAllan, B.Sc. (Hons.) (on 

leave abroad). 
Technical Officer-Miss I. M. Beavis, B.Sc., Dip. Eel. 
Technical Officer-T. P. Jones, B.Sc. 
Technical Officer-Mrs. W. Szulmayer, Dipl.Phys. 
Technical Officer-R. W. Tainsh, A.S.T.C. 
Technical Officer-N. R. Hickson, B.Sc. 
Technic~J Officer-F. A. Rocke, B.Sc. 
Technical Officer- M. C. Cunningham, B.Sc. 

Light-
Senior Principal Research Officer-R. G. Giovanelli, 

D.Sc;. 
Senior Research Officcr-W. H. Steel, B.A. (Hons.), 

B.Sc. (Hons.), Dr.es.Sc. 
Research Officer-W. R. Blevin, M.Sc., Dip.Ed. 
Research Officer-C. E. Coulman, M.Sc. 
Senior Technical Officer-K. A. Wright, B.Sc. 
Technical Officer- W. J. Brown, A.S.T.C. 

Solar Physics-
Research Officer- I. T. Jefferies, M.A., B.Sc. (Hons.). 
Research Offic;er-R. E. Loughead, M.Sc. 
Research Officer-R. J . Bray, M.A., D.Phil. 
Technical Offlc~r-V. ~- Burge~s, A.S.T.C. 
Technical Officer-M. K. McCabe, M.Sc. 

Electronics-
Research Officer-A. F. Young, M.Sc. 
Technical Officer-P. F. Howden, B.Sc. 

31. P LANT FJBRE SECTION. 

(Head-quarters: Grnhnm-road, Highctt, Victoria.) 

Officcr-in-cbarge-W. L. Greeuhill, M.E. 
Senior Research Officer-Miss J. F. Couchman, M.Sc. 
Senior Research Officcr-G. W. Lanigan, M.Sc. 
Research Of[icer-J. H. McClelland, B.Sc. 
Research Officer-W. Shepherd, B.Sc., B.Agr.Sc. 
Technical Officer-{). J. Brady, B.Sc.Agr. 
Technical Officer-R. E. Splelrein, A.R.M.T.C. 
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32. DIVISION OF PLANT INDUSTRY. 

(Head-quarters: Canberra, Australian Capital 
Territory.) 

Administration-
Chicf-0. H. Frankel, D.Sc., D.Agr., F.A.A., F.R.S. 
Associate Chief-J. Griffiths Davies, B.Sc., Ph.D. 
Assistant Chief-R. M. Moore, M.Sc.Agr. 
Technical Secretary-A. Sbavitsky, B.Ag.Sc. 

(seconded to A.S.L.O., London). 
Acting Technical Secretary-I. H. E. Mackay, 

B.Sc.Agr. 
Divisional Enginecr-G. L. Brown. B.Sc. (Eng.). 

Group /.-Botany and Genetics-
Leader-0. H. Frankel. D .Sc., D.Agr., F .A.A., 

F.R.S. 
Deputy Lcadcr-C. Barnard, D.Sc. 

Genetics and Cytology, Canberra-
Senior Research Fellow-M. J. D. White, D.Sc., 

F.A.A. 
Principal Research Officer-F. H. W. Morley, 

B.V.Sc., Pb.D. 
Principal Research Officer-J. B. Griffing, M.S., Ph.D. 
Senior Research Officer-R. D. Brock, M.Agr.Sc., 

Ph.D. 
Research Officer- H. Daday, M.Sc. 
Research Officcr- C. I. Davern, M.Sc.Agr. 
Research Offi.ccr- D. L. Hayman, B.Ag.Sc. (Hons.). 
Research Officer-J. B. Langridge, M.Sc .. Ph.D. 
Research Officer-D. C. Wark, M.Agr.Sc. 
Technical Officer-]. W. Peak. 
Technical Officer-J. A. M. Brown, B.Sc.Agr. 
Technical Officer-Miss A. Munday, B.Sc. 

Strttctural Botany, Canberra-
Principal Research Officer-C. Barnard, D.Sc. 

Herbari11m, Canberra-
Senior Research Officer-Miss N. T. Burbidge, M.Sc. 

Plant /11trod11ction, Canberra-
Senior Principal Research Officer-W. Hartley, B.A., 

Dip.Ag. 
Senior Research Officer-C. A. Neal-Smith, B.Ag.Sc. 
Research Officer-H. J. Ketellapper, B.Sc., Ph.D. 
Technical Officer-R. J. Williams, M.Sc. 
Technical Officer- Miss D. E. Johns, B.Sc. 

Plant Introduction, W es/em Austra/ia-
Scnior Research Officer- E. T. Bailey, B.Sc. (Hoos.). 

Microbiology, Ccmberra~ 
Senior Research Fellow-K. O. Muller, D.Pbil. 
Senior Research Officer-F . W. R ely, M.Sc.Agr., 

M.S. 
Reseaich Officer-F. J . Bergensen, M.Sc. 
Research Officcr-S. M. Bromfield, M.Agr.Sc., Ph.D. 
Research Officer- Miss K. Helms, M.Sc., Ph.D . 
Rcsear~h Officer-£. A. M. Cruickshank, M.Sc. 
Research Officer-A. H. Gibson, B.Sc.Agr. (Hons.). 
Research Officer-M. Zaitlin, ]).Sc., Ph.D. 
Technical Officer-J. Brockwell, D.D.A. 

Disease Co11trol-
Principal Research Officer- H. R. Angell, O.B.E., 

B.Sc.Agr., M.S., Ph.D. 

Fruit /!lves1igalio11s. Hobart-
Principal Research Officcr-D. Martin, D.Sc. 
Rcseqrc!l Officcr-T. L. Lewis, B.Sc. (Hons.) 
Technical Otficer- J . Cerny. Dr.Tech.Sc. 

Fruit btvestigations, Q11ee11sland-
Principal Research Officer-L. A. Thomas, M.Sc. 

Tobacco lnves1igmio11s, Ca11berra-
f rincipaI ,Research Officer- A. V. Hill, M.Sc.Agr. 
Technical Qffi,cer-M. Mandryk, B.Sc.Agr. 

Group 2-Chemistry and Physiology

General Chemistry, Canberra-
PrincipaI Research Offi.cer-C. H. Williams, M.Sc. 
Senior Research Officer-A. Steinbergs, Nut.Chem. 

(Riga). 
Senior Research Officer-D. J. Cosgrove, B.Sc. 

(Hons.), Ph.D. 
Research Officer-D. J. David, M.Sc. 
Technical 0.tijcer-J. R. Twine, Dip.Ind.Chem. 

Soil Chemistry, Melboume-
Senior Research Officer-L. H. P. Jones, B.Agr.Sc., 

Ph.D. 
Technical Officer-A. F. Sherrington, A.Sw.T.C. 

Plant Nutrition, Canberra-
Senior Principal Research Officer-A. J. Anderson, 

B.Sc.(Agric.). 
Senior Research Officer-K. D. McLachlan, B.Sc. 

Agr., B.Comm. 
Senior Research Officer-D. Spencer, B.Sc. (Hons.), 

Ph.D. 
Research Officer-J. V. Pos.singham, B.Ag.Sc. 

(Hoos.) (abroad on studentship), 
Research Officer- J. F. Loneragan, B.Sc. (Hons.), 

Ph.D. 

Plant Biochemistry and Biophysics, Canberra-
Senior Principal Research Officer-J. E. Falk, M.Sc., 

Ph.D. 
Principal Research Officer-C. G. Greenham, M.Sc. 
Senior Research Officer-P . L. Goldacre, M.Sc., 

Ph.D . 
Senior Research Officer-R. Johanson, M.Sc. 
Research Officer-C. A. Appleby, B.Sc.(Hons.). 
Research Officer-N. K. Boardman, M.Sc., Ph.D. 
Research Officer-W. Bottomley, B.Sc.(Hons.) , 

Ph.D. 
Research Officer-I. N. P hillips, M.Sc., Ph.D. 
Research Officer-P. A. Trudioger, B.Sc., Ph.D. 
Research Officcr-N. A. Walker, B.Sc.(Hons.). 
Senior Technical Officer-P. I. Mortimer, B.Sc. 
Technical Officer-P. Macnicol, B.Sc. 

Plant Physiology, Ca11berra-
Principal Research Officer-L. A. T. Ballard, M.A., 

M.Agr.Sc., Ph.D. 
Senior Research Officer-A. H . C. G. Rijven, B.Sc., 

Ph.D. 
Research Officer-L. T. Evans, B.Sc., M.Agr.Sc., 

D.Phil. 
Research Officer-N. P. Kelford, M.Sc., Ph.D. 
Research Officor-J. A. Zwar, M.Agr.Sc. 

Crop Physiology, Canberra-
Principal Research Offi.cer- R. F. Williams, M.Sc. 

Group 3-Ecology and Agronomy, Southern Australia
Lcadcr-R. M. Moore, M.Sc.Agr. 

At Canberra
Ecology-

Senior Principal Research Officer-R. M. Moore, 
M.Sc.Agr. 

Senior Research Officer-C. W. E. Moore, M.Agr. 
Sc. 

Senior Research Officer-E. F. Biddiscombe, M.Agr. 
Sc. 

Research Officcr- L. F. Myers, M.Agr.Sc. 
Research Officer-G. Scurfield, B.Sc., Ph.D. 
Technical Officcr- J. A. Robertson, Q.D.D.M. 

A rid Zone Eco/ogy-
Senior Research Officer- R. W. Jessup, M.Sc. 

Alpine Eco/ogy-
Senior Research Officer-A. B. Costin, M.Sc.Agr. 
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Agronomy-
Senior Research Officer-W. D. Andrew, M.Agr.Sc. 
~enior Research Officer-W. M. Willoughby, B.Sc. 

Agr. 
Research Officer-R. S. J. Lipsett, B.Agr.Sc.(Hons.) . 
Research Officer-H. L. Davies, B.Sc.(Agr.) 

(Hons.). 
Technical Officer- W. Straatmans, Dip.Ag., Dip. 

Trop.Agr. 
Technical Officer-J. D. Williams, D.D.A. 

Dickson Experiment Station-
Senior Technical Officer-R. J. H utchings, D.D.A. 

At Regional Pastoral Laboratory, Armidale-
Pastures-

Principal Research Officer-R. R oe, B.Sc.(Agric.). 
Senior Research Officer-E. J. Hilder, B.Sc.(Agric.). 
Research Officer- J. E. Begg, B.Sc.Agr.(Hons.) . 
Technical Officer-V. J. Wolfe, Q.D.A. 
Technical Officer-B. E. Mottershead, B.Sc. 
Technical Officer-J. A. Thompson, B.Sc(Por.). 

Plant N11trition-
Senior Research Officer-K. Spencer, B.Sc.Agr. 

(Hons.) (abroad). · 
Technical Officer-N. J. Barrow, B.Agr.Sc. 

Chemical Jnvestigatio11s-
Technical Officer-J. R. Feeney, B.Sc. 

At Regional Pastoral Laboratory, Deniliquin, New So111/r 
Wales-

Officer-in-cha rge-R. W. Prunster, B.Sc.(Agric.). 
Ecology-

Reseacch Officer- 0. B. Williams, M.Agr.Sc. 
Agricultural Physics-

Principal Research Officer-D. A. de Vries, D.Sc. 
Research Officer-J. R. Philip, B.C.E. 

Clzemistry-
Technical Officer- R. J. Hunter, B.Sc. 

Agronomy-
Research Officer-J. L. Davidson, M.Agr.Sc. 

Genetics-
Technical Officer-Miss V. E. Rogers, B.A. 

At Mitchell Laboratory, Tra11gie, New South Wales
Research Officer-A. A. Holland, M.Sc.Agr. 

At Irrigation Research Station, Griffith, Neiv South 
Wales-

Research Officer-E. Levi, M.Sc. (overseas) . 

At University of Queensland, Brisbane
Ecology-

Senior Research Officer-L. J . Webb, M.Sc. 

At Waite Agricultural Research Institute, Adelaide, 
South Australia-

Oil Crop /nvestigations-
Technical Officer-C. R. KJeinig, B.Ag.Sc.(Hons.). 

At Botany Department, University of Adelaide
Tobacco Jnvestigations-

Research Officer-W. J. Lovett, B.Agr.Sc. 

At Regional Laboratory, Perth, Western A11stralia
Agro11omy-

Principal Research Officer- R. C. Rossiter, D.Sc. 
(Agric.). 

Research Officer-A. W. Humphries, B.Sc.Agric. 
(Hons.). 

Technical Officer-R. J. Pack, Q.D.A. 
Plant Nutrition-

Research Officer-P. G. Ozanne, B.Sc.Agric. (on 
studentship abroad). 

Technical Officer- D. J. Kirton, B.Sc.(Agric.). 
Chemistry-

Technical Officer- T. Shaw, B.Sc. 

At "Glen Lossie" Field Statlo11 , Kojo11up, Western Aus
tralia-

Senior Research Officer-E. R. Watson, M.Sc. 
(Agric.). 

Technical Officer-P. Lapins, M.Agr.Sc. 
Group 4-Agrostology and Agronomy, Queensland

Lcader- J. Griffiths Davies, B.Sc., Ph.D. 
Laboratory Secretary-A. G. A. Eyles, B.Sc. 

(Agric.). 
Agrostology-

P rincipal Research Officer-T. B. Paltridge, B.Sc. 
(Hons.) (seconded to Coconut Research Institute 
-Ceylon). 

Agrorwmy-
Principal Research Officer-W. W. Bryan, M.Agr.Sc. 

Regional Trials-
Research Officer-L. A. Ed ye, B.Ag.Sc. (Hons.). 

Cattle Pas/ltres-
Senior Research Officer-N. H. Shaw, B.Sc.Agr. 

(Hons.). 
Research Officer- 0. T. Denmead, B.Agr.Sc.(Hons.). 
Technical Officer-T. W. Elich, Dip.Col.Agr. 

Plant N111ritio11-
Senior Research Officer-C. S. Andrew, B.Agr.Sc., 

B.Sc.(Hons.). 
Research Officer-R. G. Coleman, B.Sc.(Agr.) , 

Ph.D. 
Research Officer-E. F. Henzell, B.Agr.Sc. (Hons.) ., 

D.Phil. 
Technical Officer- W. H. J. Pieters, Dip.Col.Agr. 

Plant Cliemistry-
Research Officer- M. P. Hegarty, M.Sc., Ph.D . 
Technical Officer- Miss P. M. Thome, B.Sc. 

Ecology-
Senior Research Officer-J. E. Coaldrake, M.Sc. 
Technical Officer- W. P. Ridley, B.Sc. 

Genetics-
Principal Research Officer-E. M. Hutton, B.Agr.Sc., 

D.Sc. 
Legume Bacterio/ogy-

Principal Research Officer-D . 0. Norris, D .Sc. 
(Agr.). 

Plant lntroduction-
Principal Research Officer-J. F. Miles, M.Agr.Sc. 
Research Officer-E. H. Kipps, B.Sc. 

A I Cooper Laboratory, Lawes, Queens/and-
Senior Technical Officer-R. Milford, B.Ag.Sc. 
Techaical Officer-H. Kiers. D ip.Col.Agr. 

33. D IVISION OF RADIOPHYSICS. 

(Head-quarters: University Grounds, Sydney.) 
Chief-E. G. Bowen, O.B.E., M.Sc., Ph.D. 
Assistant Chief- I. L. Pawsey, M.Sc., Ph.D., F.A.A., 

F.R.S. 
Technical Secretary- A. J. Higgs, B.Sc.(Hons.). 
Assistant Technical Secretary-L. L. Mccready, B.Sc., 

B.E. 
Cloud and Rai11 Plzysics-

Principal Research Officer-J. Warner, B.Sc., B.E. 
Principal Research Officer-P. Squires, M.A. 
Principal Research Officer-E. J. Smith, M.B.E., 

B.Sc. (Eng.) (Hons.). 
Research Officer-E. K. Bigg, M.Sc., Ph.D. 
Research Officer-N. R. Labrum, B.Sc.(Hons.). 
Research Officer-A. A. Weiss, B.Sc.(Hons.), Ph.D. 
Research Officer- E. E. Adderley, B.Sc. 
Research Officer-S. Twomey, M.Sc., Ph.D. 
Research Officer- J. W. Telford, B.Sc.(Hons.). 
Senior Technical Officer-P. T. Hedges, A.S.T.C. 
Senior Technical Officer- K. J. Heffernan. 
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Radio Astro110111y-
Visiting Research Fellow-R. Q. Twiss, M.A. 

(Cantab.), Sc.D. 
Senior Principal Research Officer-I . H. Piddington, 

M.Sc., B.E., Ph.D. 
Principal Research Officcr- W. N. Christiansen, D.Sc. 
Principal Research Officer-B. Y. Mills, B.Sc., M.E. 
Senior Research Officer-F. I . Kerr, M.Sc., M.A. 
Senior Research Officer-C. A. Shain, B.Sc.(Hons.). 
Senior Research Officcr-S. F. Smerd, B.Sc.(Hons.). 
Senior Research Officer-0. A. Day. 
Research Officer-I. A. Roberts, M.Sc., Ph.D. 
Research Officer-R. X. McGee, B.Sc.(Hons.). 
Research Officer-J. A. Warburton, B.Sc.(Hons.). 
Research Officer-C. S. Oum, M.Sc., Ph.D. 
Research Officer-E. R. Hill, M.Sc. 
Research Officer-A. 0. Little, B.Sc. 
Research Officer-A. W. L. Carter, B.Sc.(Hons.). 
Research Officer- R. F. Mullaly, M.Sc., Ph.D. 
Research Officer-D. S. Mathewson, M.Sc. 
Senior Technical Officer-K. V. Sheridan, B.Sc. 
Senior Technical Officer- K. R. McAlister, A.S.T.C. 
Senior Technical Officer-) . V. H indman. 
Senior Technical Officer-I. D . Murray, B.Sc.(Eng.) 
Senior Technical Officcr- 0 . B. Slee, B.Sc. 
Technical Officer-M. M. Komesaroff, B.Sc. 
Technical Officer-K. G. Weir, A.S.T.C. 

Radio Co111m11nicatio11s-
Research Officer-D. E. Yabsley, B.Sc., B.E. 
Research Officer-F. F. Gardner, B.Sc., B.E., Ph.D. 

Radio Navigation-
Principal Research Officer-M. Beard, B.Sc., B.E. 
Technical Officer-G. A. Chandler, A.S.T.C. 

Semi-co11cluctors and Tnmsistors-
Senior Research Officer-B. F. C. Cooper, B.Sc. 

(Hons.), B.E. 
Senior Research Officer-L. W. Davies, B.Sc. 

(Hons.), D.Phil. 
Research Officer- R. D. Ryan, B.Sc.(Hons.) , B.E. 
Research Officer-N. H. Fletcher, B.Sc., M.A., Ph.D. 
Senior Technical Officer-F. C. Tonking, A.S.T.C. 
Technical Officcr- D. M. Bartlett, B.Sc. 

Mathematical Co111putatio11-
Principal Research Officcr-T. Pearcey, B.Sc.(Hons.) . 
Technical Officer-R. T. H . Bowles, A.R.M.T.C. 

Test Room-
Senior Technical Officer-0. A. Wells, A.S.T .C. 
Technical Officer-T. E. Cousins, A.S.T.C. 

E11gi11eeri11g Services-
Chief Draughtsman-F. M. Carter. 
Draughtsman, Grade ll.-H. F. Peddie, A.S.T.C. 
Draughtsman, Grade II.-I . R. Morris. 
Draughtsman, Grade II.-R. S. Fieldgate. 
Draughtsman, Grade 11.-R. Kenna. 

Officers Abroad-
Principal Research Officer-I. G. Bolton, B.A. 
Principal Research Officer-H. C. Minnett, B.Sc., 

B.E. 
Senior Research Officer-R. N. Bracewell. B.Sc., 

B.E., Ph.D. 
Senior Research Officer-I. P. Wild, M.A. 
Research Officer-I . S. Turner, M.Sc. 
Senior Technical Officcr-0. I. Slanley, A.S.T.C. 

34. RADIO RI!Sl!ARCH LAUORATORlES. 

(Head-quarters: Harben Vale, Camden, New South 
Wales.) 

Chief Research Ofliccr-0 . F . Martyn, D.Sc., Ph.D., 
A.R.C.S., F.A.A., F .R .S. 

Senior Principal Research Officer- G. H. Munro, 
D.Sc. 

Senior Research Officer-W. L. Price, B.Sc. (part
time). 

Re!>earch Officer- J. A. Harvey. B.Sc. 
Re5earch Officer-R. A. Duncan, B.Sc. 
Technical Officer-L. H. Heisler, B.Sc. 
Technic::il Officer-R. B. White, B.E. 

35. DIVISION OF SOILS. 

(Head-quarters: Waite Agricultural Research Institute, 
Adelaide, South Australia.) 

.4 f Adelaide-
A dministratio11-

Chief-I. K. Taylor, B.A., M.Sc., B.Sc.Agr. 
Senior Clerical Officer-F. W. Blanksby. 

Soil Survey and Pedology Section-
Senior Principal Research Officer-C. 0. Stephens, 

D.Sc. 
Senior Research Officer-K. H . Northcote, B.Ag.Sc. 
Senior Research Officer-G . Blackbum, B.Ag.Sc. 
Research Officcr- E. A. Jackson, B.Ag.Sc. 
Research Officer-C. B. Wells, B.Ag.Sc. 
Research Officer-C. I . de Mooy (Ing.Agr.). 
Sectional Draugbtsman-P. D. Hooper. 

Soil Chemistry Section-
Principal Chemist- C. S. Piper, D.Sc. 
Principal Research Officer-A. C. Oertel, M.Sc. 
Senior Research Officer-I. T. Hutton, B.Sc. 
Senior Research Officer- H . C. T. Stace, M.Sc. 
Research Officer-B. M. Tucker, B.Sc.(Hons.). 
Research Officer-M. Raupach, M.Sc. 
Technical Officer-K. G. Tiller, B.Sc.(Hons.). 
Technical Officer-M. P. C. de Vries (lng.Agr.) . 
Technical Officer-A. R. P. Clarke, A.S.A.S.M. 
Technical Officer-R. M. McKenzie, A.S.A.S.M. 
Technical Officer- R. D. Bond, A.S.A.S.M. 

Soil Physics Section-
Senior P rincipal Research Officer-T. I . Marshall, 

M.Ag.Sc., Ph.D. 
Senior Research Officer-I . P. Quirk, B.Sc.Agr., 

Ph.D. 
Research Officer-I . W. Holmes, M.Sc. 
Research Officer-C. 0. Gurr, B.Sc. 
Research Officer-E. L. Greacen, B.Sc.Agr., Ph.D. 

Soil Microbiology Section-
Senior Principal Research Officer- R. J. Swaby, 

M.Sc., M.Ag.Sc., Ph.D . 
Research Officer-I. R. Harris, M.Sc. 
Research Officer-I. N. Ladd, M.Sc. 
Research Officer-A. D. Rovira, B.Agr.Sc. 
Technical Officer-Miss J. I. Sperber, B.Sc. 

Soil Mechanics Sec1io11-
Principal Research Officer-G. D . Aitchison, M.E. 

(at University of Melbourne). 
Research Officer-I. B. Donald, B.C.E. (at Univer

sity of Melbourne). 
Soil Mineralogy Sec1io11-

Senior Research Officer-K. Norrish, M.Sc., Ph.D. 
Research Offi.cer- E. W. Radoslovich, M.Sc., Ph.D. 
Research Officer-Mrs. L. E. R. Rogers, M.Sc. 

At Brisba11e-
Soil Survey and Pedology Sectio11-

Principal Research Officer- G. D. Hubble, B.Ag.Sc. 
Research Officer-0. G. Beckmann, B.Sc. 
Research Officer- W. H. Litchfield, B.Sc.Agr. 
Technical Officer-C. H. Thompson, Q.D.A. 

Soil Physics Section-
Research Officer-G. B. Stirk, B.Sc. 
Technical Officer-R. E. Prebble, B.Sc. 

Soil Chemistry Section-
Senior Research Officer-A. E. Martin, B.Sc. 
Research Officer-R. S. Beckwith, B.Sc. (Hons.). 
Technical Officer-R Reeve, Dip.lnd. Chem. 
Technical Officer-Miss I. Richardson, B.Sc. 
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At Canberra-
Soil Survey and Pedology Section-

Principal Research Officer-B. E. Butler, B.Sc. 
(Agric.) 

Senior Research Officer- R. Brewer, B.Sc. (Hons.). 
Research Officer-D. C. van Dijk, Ing.Agr., 

Dr.rer.nat. 
Research Officer- I. R. Sleeman, B.Agr.Sc. 
Research Officer- P. H . Walker, B.Sc.Agr. (Hons.). 
Research Officer-H. M. Churchward, B.Sc.Agr. 

(Hons.) (at Deniliquin). 
Research Officer-I. A. Beattie, B.Sc.Agr. (Hons.) 

(at Griffith). 
Technical Officer-Miss P. Green, B.Sc. 

Soil Chemistry Section-
Research Fellow- A. Wild, B.Sc., Ph.D. 
Senior Technical Officer-A. D. Haldane, B.Sc. 
Technical Officer-H. J. Beatty, Dip.Ind.Chem. 
Technical Officer- Mrs. M . R. Reid, M.Sc. 

Soil Physics Section-
Research Officer-D. S. Mcintyre, M.Sc. (study 

leave). 
Technical Officer-A. V. Blackmore, B.Sc. 

At Hobar1-
Soil Survey and Pedology Section-

Principal Research Officer-K. D. Nicolls, B.Ag.Sc., 
B.Sc. 

Research Officer-G. M. Dimmock, B.Sc. 
Research Officer-I. Loveday, M.Ag.Sc, 

Soil Chemistry Section-
Technical Officer-A. M. Graley, B.Sc. 

At Perth-
Soil Survey and Pedology Section

Researcb Officer-M. I. Mulcahy, B.Sc. 
Research Officer-W. M. McArthur, B.Sc. (Hons.). 
Technical Officer-E. Betteoay, B.Sc. (Agr.). 

Soil Chemistry Section-
Research Officer-A. G. T urton, B.Sc. 
Technical Officer-F. J. Hingston. B.Sc. 

36. D IVISION OF TR!BOPHYSICS. 

(Head-quarters: University of Melbourne.) 
Cbief-W. Boas, D.Ing., M.Sc., F.A.A. 
Principal Research Officer-M. F. R. Mulcahy, D.Phil., 

M.Sc. 
Senior Research Officer-L. M. Clarebrougb, B.Met.E., 

M.Bog.Sc., Ph.D. 
Senior Research Officer-A. J. Davis, B.Eog. (abroad). 
Senior Research Officer-M. E. Hargreaves, Ph.D., 

B.Met.E. 
Senior Research Officer-J. K. Mackeoz.ie, Ph.D., B.A. 

(Hons.), B.Sc. 
Senior Research Officer-D. Michell, B.E.E. 
Senior Research Officer-A. I . W. Moore, Ph.D., B.Sc. 
Seoior Research Officer- G. I . Ogilvie, Ph.D., B.Met.E., 

M.Eng.Sc. 
Senior Research Officer-M. J. Ridge, M.Sc. 
Senior Research Officer- I . V. Sanders, Ph.D., B.Sc. 

(Hoos.). 
Senior Research Officer-R. G. Vines, M.Sc. 
Senior Research Officer-0. W. West, B.E.E., B.Sc. 
Research Officer-B. D. Cuming, Ph.D., M.Sc. 
Research Officer-E. Gillam, B.Sc., M.S. 
Research Officer-D. F. Klemperer, B.Sc. (Hons.), Ph.D. 
Research Officer-J. P. Nicholas, B.A. (Hons.), B.Sc. 
Research Officer- T . M. Sabine, M.Sc. 
Research Officer-K. Schroder, Dr.rer.nat. 
Research Officer-Mrs. H. M. C. Sosoowsky, Ph.D. 
Research Officer-J. A. Spink, M.Sc. 
Technical Officer-G. Brinson, B.Sc. 
Technical Officer- F. D. A. H aig, A.R.M.T.C. 
Technical Officer-E. D. Hondros, B.Sc. 

Technical Officer-M. H. Loretto, B.Met. (Hons.). 
Technical Officer-G. R. Perger, F.R.M.T.C. 
Technical Officer-R. G. Sherwood, A.R.M.T.C. 
Technical Officer-A. J . White, A.R.M.T.C. 

37. WJLDLl.FE SURVSY SECTION. 

(Head-quarters: Canberra, Australian Capital Territory.) 

Officer-in-charge-F. N. Ratcliffe, B.A. 
Senior Principal Research Officer- R. Carrick, B.Sc. 

(Hoos.}, Ph.D. 
Sectional Secretary-F. N. Robinson, B.A. 
Research Officer-A. L. Dyce, B.Sc.Agr. (Hons.). 
Research Officer-B. J. 0. Marlow, B.Sc. (Hons.). 
Research Officer- R. Mykytowycz., B.V.M., D.V.M. 
Technical Officer-I. C. R. Rowley, B.Agr.Sc. 
Technical Officer-N. Turnbull, B.Sc. 
At Perth, Western Australia-

Principa1 Research Officcr-D. L. Scrventy, B.Sc. 
(Hons.), Ph.D. 

Research Officer-J. H. Calaby, Dip. App. Chem. 
Research Officer-G. M. Duooet, B.Sc. (Hons.), 

Ph.D. 
At Woodstock, Western Australia-

Research Officer-E. H. M. Baley, M.Sc. 
At A /bury, New South Wales-

Senior Research Officer-K. Myers, B.Sc. (Hons.). 
Research Officer-G. W. Douglas, B.Agr.Sc. 
Research Officer-W. E. Poole, B.Sc. (Hons.). 

At Griffith, New South Wales-
Scnior Research Officer-H. J. Frith, B.Sc.Agr. 

At Armida/e, New South Wa/es-
Seoior Research Officer-B. V. Fennessy, B.Agr.Sc. 
Senior Technical Officcr-E. J. Waterhouse, B.Sc.Agr. 

38. WOOL TEXTILE RESEARCH LABORATORTES. 

Senior Officer-in-charge--F. 0. Lennox, D.Sc. 

At Wool Textile Research Laboratory, Melboume
Bioclzemistry Unit, 343 Royal-parade, Parkville, 

Victoria-
Officer-in-eharge-F. G. Lennox, D.Sc. 
Laboratory Secretary-C. Garrow, B.Com. 
Principal Research Officer-W. 0. Crewther, M.Sc. 
Principal Research Officer- M. A. Jermyn, M.Sc .. 

Ph.D. 
Principal Research Officer-H. Lindley, BA., Ph.D . 
Senior Research Officer- R. B. D. Fraser, B.Sc. 

(Hons.), Ph.D. 
Senior Research Officer-J. M. Gillespie, M.Sc. 
Senior Research Officer--S. J. Leach, B.Sc.Tech .. 

Ph.D. (abroad). 
Senior Research Officer-T. A. Pressley, B.Sc. 
Senior Research Officer-W. E. Savige, M.Sc., Ph.D. 
Senior Research Officer- D. .H. Simmonds. M.Sc., 

Ph.D. 
Senior Research Officer- J. M. Swan. B.Sc., Ph.D. 
Senior Research Officer- E. 0. P. Thompson, M.Sc .. 

Ph.D., Dip.Ed. 
Senior Research Officer-E. F. Woods, M.Sc. 
Research Officer-B. S. Harrap, M.Sc., Ph.D. 
Research Officer-J. P. E. Human, M.Sc., Ph.D. 
Research Officer-J. A. Maclaren, M.Sc., Ph.D. 
Research Officer-T. P. MacRae, M.Sc. 
Research Officer- I. J. O'Donnell, M.Sc. (abroad). 
Research Officer-G. E. Rogers, M.Sc. (abroad). 
Research Officer-C. M. Roxburgh, B.Sc. (Hons.). 

Ph.D. 
Research Officer-P. H. Springcll, M.A., Ph.D. 
Research Officer-G. Youatt, B.Sc. (Hons.), Ph.D. 
Technical Officer-L. M. Dowling, B.Sc. 
Technical Officer-A. B. Mcquade, B.Sc. 
Technical Officer-I. Stapleton, Dip.Chem. 
Technical Officer-K. T. Wood, A.R.M.T.C. 
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At Wool Te,'(ti/e Resecirch Laboratory, Syd11ey

Physics and Engineering Unit, Tile Hermitage, 338 
Blaxland-road, Ryde, New South Wales

Officcr-in-charge-V. D. Burgmaon, B.Sc., B.E. 
Technical Secretary-H. W. M. Lunney, B.Sc., B.E. 
Principal Research Officer-J. G. Downes, B.Sc. 

(Hoos.). 
Principal Research Officer- N. F. Roberts, M.Sc. 
Senior Research Officer-M. Feughelman, B.Sc. 

(Hoos.). 
Senior Research Officer- H. W. Holdaway, B.Sc. 

(Hoos.), B.E. 
Research Officer-M. W. Andrews, B.Sc. (Hons.) 

(abroad). 
Research Officer- K. Baird, M.Sc. (abroad). 
Research Ol:ficer- E. G. Bendit, M.Sc. 
Research Officer-J. F. P. James, M.Sc. 
Research Officer-Miss V. Laws, M.Sc. 
Research Ol:ficer-D. T. Liddy, B.Sc. (Hons.) 
Research Officer-P. Nordon, B.Sc. (Hoos.) (abroad). 
Research Officer-I. M. Stuart, M.Sc. 
Senior Technical Officer- A. R. Haly, B.Sc. 
Senior Technical Officer-B. G. Leary, A.S.T.C. 
Tc~hnical Officer-J. E. Algie, A.S.T.C. 
Technical Officer- Miss J. C. Griffith, M.Sc. 
Technical Officer-B. J . Rigby, A.S.T.C. 
Technical Officer-0. L. Stott, A.S.T.C. 
Technical Officer- A. G. Stutter, B.Sc. (Hons.). 

At Wool Textile Research Laboratory, Geelong, Victoria
Officer-in-charge-M. Lipson, B.Sc., Ph.D. 
Technical Secretary-T. Topham, A.M.I.I.A., A.T.I. 
Senior Research Officer-D. L. C. Jackson, B.Sc. 

(Hoos.). 
Senior Research Officer-G. W. Walls, B.Sc. 
Senior Research Officer-G. F. Wood, B.Sc .. Ph.D. 
Research Officer-C. A. Anderson, B.Sc. 
Research Officer-J. H. Bradbury, M.Sc .. Ph.D. 
Research Officer-I. Delmenico, B.Sc. 
Research Officer-A. J. Farnsworth, M.Sc., Ph.D. 
Research Officer-J. R. McPhee, B.Sc., Ph.D. 
Research Officer-C. H. Nicholls, B.Sc., Ph.D. 
Research Officer-D. S. Taylor, B.A., B.Sc., Ph.D. 
Senior Technical Officer-A. R. W. Lee, B.Sc. 
Senior Technical Officer- B. 0. Lavery. 
Technical Officer- G. C. West, A.O.Inst.Tech. 
Technical Officer-M. A. Higg~s, A.G.Inst.Tech. 

XXXV. PUBLISHED PAPERS. 

The following papers have been published during the 
year. Letters Patent granted to the Organization during 
the year are also included:-

l. AN1MAL GENETICS SECTION. 

Dowling, D. F. (1955).-The thickness of cattle skin. 
Aust. J. A gric. Res. 6 : 776-85. 

Ferguson, K. A.,* and Dowling, D. F. (1955).-The func
tion of cattle sweat glands. A 11st. J. Agric. Res. 
6: 640-4. 

Fraser, A. S. (1955) .-Growth of the mouse coat. IV. 
Comparison of naked and normal mice. Aust. 
!. Biol. Sci. 8 : 420-7. 

·Fraser, A. S. (1955) .-Growth of horns in sheep. Aust. 
J. Agric. Res. 6 : 770-5. 

Nay, T .. al/{l Fraser, A. S. (1955).- Growtb of the 
mouse coat. V. Effects of pregnancy and location. 
Aust. J. Biol. Sci. 8 : 428-33. 

Rendel, J. M .. and Kellerman, G. M.t (1955).-Deoxy
ribonucleic acid content of marsupial nuclei. Nature. 
176: 829. 

• Division of Animal lie:iltb and Produc1ion, C.S.l.R.O. 
t Dcpar1meo1 or Biocbcmi.Ury, Universiry or Sydney. 

Sobey, W. R. (1955) .-Changes in the innate resistance 
of rabbits to myxomatosis. J. Aust. Inst. Agric. Sci. 
21 : 135-6. 

Sobey, W.R., and Adams, K. M. (1955).- Ioheritance of 
a11tibody response. I. Sheep red cells. Aust. !. 
Biol. Sci. 8 : 603-14. 

Sobey, W. R., Adams, K. M., and C!aringbold, P. J. 
( 1956) .-Inheritance of antibody response. IL 
Measurement of response. Aust. J. Biol. Sci. 9: 
188-98. 

Sobey, W. R., and Clariogbold, P. J.• (1955).-The 
biological assay of myxoma viris. Brit. J. Exp. Path. 
36: 573-82. 

2. DIVISION OF ANIMAL H EALTH AND PRODUCTION. 

Alexander, G., McCaoce, I., and Watson, R. H. (1956) .
Relation of maternal nutrition to neo-oatal deaths in 
Merino Jambs. P roc. 3rd Int. Coogr. Physiol. Anim. 
Reprod., Cambridge. 

Allen, T. E., and Bobr, Lidia W. (1955).-The fertility 
of fowl spermatozoa in glycerol dilueots after intra
uterine insemination. Poulr. Sci. 34 : 1167-9. 

Beattie, W. A. (1956).-Survey of the beef cattle industry 
of Australia. C.S.I.R.0. Aust. Bull. No. 278. 

Beck, A. B. (1956).-The copper content of the liver and 
blood of some vertebrates. Aust. J. Zool. 4: 1-18. 

Bremner, K. C. (l955).-Cytological studies on the 
specific distinctness of the ovine and bovine "strains" 
of Haemonchus contortus (Rudolphi) Cobb (Nema
toda: Trichostrongylidae). Aust. J. Zool. 3: 312-23. 

Bremner, K. C. (1955).-Morphological studies on the 
microfilariae of Onchocerca gibsoni Cleland and 
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XXXVI. FINANCE. 

1. ExPENDITURE. 

The statemenc or expencuture trom 1st July, 1955, to 30th June, 1956, is as follows:
£ 

(a) Salaries and contingencies 
(b) Investigations-

(i) Animal Health o.nd Production Problems 
Less contributions from-

Wool Research Trust Account 
Australian Dairy Produce Board 
AustralJon Meat Board 
Jan McMaster Bequest 
Alex. Praser Memorial Fund 
Wm. Mc!lrath Fellowship .. 
Outdek.in Bequest (Drought feeding) 
Special Revenue Funds-

B urdekin Bequest 
"Giltu1h Plains" Field Station 
" Delmont " Field Station 

(ii) Biochemistry and Gcncrol Nutrition Problems 
Less contributions from-

Wool Research Trust Account 
Australitl.n Wool Donrd 

(iii) Plant Problems-Division of Plant Industry 
Less contributions from-

Wool Research Trust Account 
Australian Meat Board 
Special Revenue Fund-Sam.ford Farm 

(Iv) Entomology Problems .. 

(v) Soils and Irrigation Problems of Irrigation Settlements
(a) Citricul tural-Research Station, Griffith 

Less contributions from-
N .S. W. Water Conservation and Irrigation Commission 
Spcclnl Revenue Fund-Griffith Research Station 

(()) Viticullural-Research Station, Merbein 
less contributions from-

Driod Fruils Control Board .. 
Mildurn Co-op. Fruit Company 
Jrymplc Packing Company . . 
Red Cliffs Co-op. Fruit Company 
Aurora Packing Company 
Co-op. Dried Fruits Sales Ltd. 
Nyah-Woorinen Enquiry Committee 

(vi) Soil Problems 

(vii) Food Preservation and Transport Problems 
Less contributions from-

N.S. W. Department of Agriculture .. 
Metropolitan Meat Industry Commission 
Queensland Melt Industry Board .. 
Australian Meat Board 
Australfon Egg Board 
Commonwealth Con Makers' Association 
Department of Primary Industry 
Various Contributors 
Department of Scientific and Industrial Research (U.K.) 

(viii) Forest Products Problems 
Less contributions from-

Australian Paper Manufacturers Ltd. 
Associated Pulp and Paper Mills Ltd. 
Australian Newsprint Mills 
New Zealand Forest Products Ltd. 
Department of Territories .. 
General D onations 
Pole Strength Research Account 

(ix) Mining nm! Metnllurgy .. 
Less contribuLions from-

Austrnlasinn Institute of Mining and Metallurgy 
State Electricity Commission 
General DonnLions . . 

262,804 
2,000 
4,841 
4,542 

300 
2,250 
1,tlo6 

929 
15,Sl6 
5,936 

40,700 
93 

121,499 
11500 

80 

2,000 
3,081 

1,600 
250 
250 
250 
250 
250 
140 

1,9SS 
500 

1,275 
SOD 
750 
415 

14,449 
93 

1,079 

1,410 
1,000 
l ,OOQ 

500 
3,346 
2,220 

929 

1,000 
~o 
94 

£ 

629,971 

301,018 
-===-----
113,101 

40,793 

664,284 

123,079 

46,078 

5,081 

65,739 

2,990 

220,753 

21,016 

~91,871 

10,405 

36,916 

1,184 

£ 
284,134* 

328,953 

72,308 

541,205 

188,985 

40,997 

62,749 

103,321 
202,816 

199,737 

281,466 

35,732 

• The main irems or e•pendlturc under this headiog arc salaries of the Administrative Staff at the Organi1.atiOn's Heat! Office; sal6ri~ biid expenses of 
officers nt the Liaison OOlces m London and Washington; staff and upkeep of State Committees; travelll~g expenses of Head Office Stall'; and geneial office 
e•penditure. 



(x) Radio Research .. 
Less contribution from

Postmaster-General's Department 

(xi) Research Services 
Less contribution from~ 

Wool Research Trust Account 

(xii) Industrial Chemistry 
Less contributions from-

Cement and Concrete Association 
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Mt. Morgan Ltd. and Mt. Lyell Mining and Railway Co. Ltd. 
Austra lian Atomic Energy Co111mission 

xiii)) Fisheries Investigations 
Less contributions from

N.S.W. Government 
Department of the Navy 

(xiv) Mathematical Statistics .. 

(xv) National Standards Laboratory 
Less contribution from-

Department of Defence Production 

(xvi) Tribophysics 
(xvii) Building Research 
(xviii) Plant Fibre Research 
(xix) Radiophysics Research 

Less contribution from-
Snowy Mountains Hydro·electric Authority 

(xx) Metallurgical Research .. 
(xxi) Nuclear Energy Research 
(xxii) Meteorological Physics .. 
(xxiii) Dairy Research 

Less contribution from
Australian Dairy Produce lloard 

(xxiv) Wool Textile Research .. 
Less contributions from-

Wool Research Trust Account 
Department of Supply 
Associated Woollen and Worsted Textile Manufacturers of Australia 

(xxv) Fuel Research .. 
Less contribution from

J oint Coal Board 

(xxvi) Wildlife Survey 
Less contributions from-

Wool Research Trust Account 
George Aitken Pastoral Research Trust 
Northern Territory Administration 

(xxvii) Land Research and Regional Survey 
Less contributions from-

Department of National Development 
Department of Territories .. 

(xxviii) Genetics 
Less contributions from-

Wool Research Trust Account 
N.S.W. State Cancer Council 
Commonwealth Bank 

(xxix) Miscellaneous-
(a) Biophysical Research 
(b) Oenological Research 
(c) Extra-mural Investigations 
(d) Farm Mechanization Research 
(e) Various 

Less contributions from-
Austrnlian Wine Research Tnstitutc 
Science and Industry Endowment Fund 
Commonwealth Bank 

(xxx) Unforeseen and Urgent . . 
Total of Item (b )-Investigations 

£ £ £ 
37,870 

9,467 
9,467 

225,758 
28,403 

6,900 
6,900 

218,858 
512,771 

1,500 
1,142 
6,400 

9,042 
503,729 

167,992 

250 
1,765 

2,015 
165,977 

56,896 

497,9 14 

220 
220 

497,694 
86,293 

136,935 
38,294 

307,916 

4,650 
4,650 

303,266 
12,700 
10, 168 
68,038 

58,405 

4,514 
4,514 

53,891 
334,095 

322,065 
1,000 
2,227 

325,292 
8,803 

137,113 

1,250 
1,250 

135,863 
97,750 

52,658 
71 

395 
53,124 

44,626 
122,382 

20,179 
15,817 

35,996 
86,386 

40,796 

20,030 
702 

34 
20,766 

20,030 

1,179 
7,132 

13,262 
5,264 
4,404 

31,241 

3,566 
8 15 

3,500 
7,881 

23,360 

4,455,158 
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(c) Granls-

(i) Research Associations-
Leathcr Research Association 
Bread Research Institute 

(ii) Overseas Reseucb Studentships 

Less contributions from-
Wool Research Trust Account 
Science nnd Industry Endowment Fund 

£ £ 

7,107 
7,500 

14,607 
42,259 

56,866 

3,825 
1,486 

5,311 

Total Salaries and Contingencies, Investigations and Grants 
Less receipts from sa les of equipment, publications, &c., and revenue earned 

Divisions and Sections, details of which are shown in Section 5 
by 

2. CONTRIBUTIONS AND DONATIONS. 

The following statement shows the receipts and dis
bursements during the year 1955-56 of the funds provided 
by outside bodies and recorded in the special account 
entitled "The Specific Research Fund" (formerly "The 
Specific Purposes Trust Account ")-with the exception 
of the Wool Industry Fund, details of which appear in 
Section 4:-

Receipts 1955·56 
and balances Expenditure 

brought forward 1955-56. 
frorn 1954-55. 

£ £ 
Commonwealth Bank (Anim:tl Health 

and Production, Genetics, and Farm 
M echanization Investigations) .. 

Australian Wool Board (Biochemistry 
and Genernl Nutrition Investigations 
-Sheep Research) 

Australian Dairy Produce Board (Mas
titis Investigations) 

W. Mcllrnth Research Fellowship Fund 
(Expenses of Fellowship-Animal 
Husbandry) 

Australian Meat Board (Cattle Breed
ing Invest igations) 

Australian Mcnt Bonr<I (Cnscous Lym
phade!litis Investigations - A nimal 
Hea lth and Production) 

Australian Meal Board (Bovine Pleuro
pneumonia Tnvcstigations) 

Australian Meat Board (Pnrasi tological 
Studies of Cattle) 

Australian Dairy Produce Board (Para
sitological Studies of Cattle) 

Alexander Fraser Memorial Fund 
(Animal Health and Production In
vestigations) 

N.S.W. State Cancer Council (Animal 
H ealth and Production--.Canccr Re
search Project) 

Estate o( tl1e late C:tptain Jan 
M cMaster (Animal Health and Pro
duction Investigations) 

Australian Meat Board (BrigaJow fn
vestigations-Plant Industry) 

West Australian Gol£ Association 
(Plant Industry Investigations) 

United Graziers· Association of 
Queensland- Buffalo Fly :1nd Cattle 

3,809 

882 

2,000 

2,250 

3.887 

399 

90 

431 

2 16 

300 

1,500 

4,637 

l.500 

51 

Tick Investigations (Entomology) . . 172 
Australian Hide and Lc:tthcr I ndustries 

Board (Entomology) 4, 174 
Genernl D onations (Division of En to

mology) 
Burdekin Beque.~t (Drought Feeding 

Investigations) 
N.S.W. Wntcr Conscrvalion :tnd Irriga

tion Commission (Maintenance of 
Griffith Research Stnlion) .. 

Mildura Co-op. Fruit Co. (Dried Vine 
Fruits Investiga tions, Merbein) 

Trymple Packing Co. (Dried Vine Fruits 
Investigations, Merbein) . . . . 

Red Cliffs Co-op. Fruit Co. (Dried 
Vine Fruits Jnvestigat ions, Merbein) 

A.-lncludcs adjustment or I 9S4-SS .. pcncliture. 
B.-l ncludcs £49 which rclMcs '" t9S4-SS. 

32 

1,600 

2.000 

250 

250 

250 

3,534 

93 

2,000 

2,250 

3,887A 

399 

90 

300 

702 

4,591B 

1,500 

1,600 

2,000 

250 

250 

250 

Aurora Packing Company (Dried Vine 

Receipts t 955-56 
and balances 

brought forward 
from 1954-55. 

£ 

Fruits Investigations, Merbein) 250 
Co-op. Dried Fruit Sales Ltd. (Dried 

Vine Fruits Investigations, Merbein) 250 
D ried Fruits Control Bo11rd (Dried 

Fruits Investigations) 1,600 
Nyah-Woorinen Dried Fruits Inquiry 

Committee (Dried Fruits Investiga-
tions) 440 

Australian Meat Board (Meat Investi-
gations) 500 

Metropolitan Meat Industry Board or 
New South Wales (Meal Jnvestign-
tions) 500 

Queensland Meat I ndustry Board (Meat 
Investigations) 1,275 

D epartment of Primnry I ndustry 
(Mutton D ehydration Investigations) 9, 110 

N.S.W. Department of Agriculture 
(Food Investigations) 1,000 

Department of Primary I ndustry (Fruit 
Fly Jnvestignl ions-Food Tnvestiga· 
tioo~ ~CT 

W. Angl iss Ltd. (Division of Food Pre· 
servntion and Tmnsport) . . 51 

Apple and P ear Board (Food Investiga-
tions) 500 

L. Berger and Sons (Division of Food 
Preservation and Transport) 100 

Various Contributors (Division of Food 
Preservation and Trnnsport) I ,575 

Australian Egg Board (Division of 
F ood Preservation and Transport-
Egg Investigations) . . , . 750 

Commonwealth Can Makers' Associa
tion (Division of Food Preservation 
and Trnnsport-Tinpl:ttc Im·estiga-
tions) . . . . 630 

Department of Scientific and Industrial 
Research (U.K.)-Co-operative Meat 
Investigations (Food Preservation 
and Transport) 2,207 

N.S.W. Department of Agriculture-
Quick Freezfag of Fruit and Vege
tables (Division of F ood Preservation 
and Transport) . . l, 119 

Australian Paper Manufacturers Ltd. 
(Paper P ulp Investigations) l,409 

Australian Newsprint Mills (Paper Pulp 
Investigations) l ,000 

Associated Pulp :1ncl Pnper Mills Ltd. 
(Paper Pulp Investigations) 1.000 

New Zealand Foresl Products Ltd. 
(Paper Pulp Jnvestigations) 500 

Sundry Contributors (Forest Products 
Jnvestigalions) 7,8~9 

General Donntions-Polc Strength Re· 
search (Forest Protlucls) . . 8,582 

Department of Territories (Develop
ment of Pulp and Paper Industry 
in New Guinea) . . . . . . 3,346 

C.-lncludcs a djustment of t9S4-SS expenditure. 

£ 

51,555 

4,790,847 

74,534 

4,716,313 

Expenditure 
1955-56. 

£ 

250 

250 

1,600 

140 

500 

500 

1,275 

8,765 

1,000 

5,684 

93 

750 

415 

1,079 

l,014C 

1,409 

1,000 

1,000 

500 

2,220 

929 

3,346 
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Receipts t 9SS-S6 
and balances Expenditure 

Australasian Institute of Mining and 
Metallurgy (l'Vlioeragraphic Investiga
tions) 

Postmaster-General's Department 
(Radfo Research) 

Drug Houses of Australia (Division of 
Fisheries- Agar Production) 

Miscellaneous Contributors (Division 
of Industrial Chemistry) .. 

Department of Supply (Textile De
gradation Investigations) .. 

Mt. Morgan Ltd. and Mt. Lyell Mining 
and Railway Co. Ltd. (Industrial 
Chemistry-Co-operative Investiga
tions) 

N.S.W. Government (Fisheries Investi
gations) 

Consolidated Zinc Pty. Ltd.-Lead
coppcr Prospect, N.T. (Industrial 
Chemistry) 

Stale Electricity Commission 6f Vic
toria-(Mineragraphic Investigations 
-Geological Consultations) 

Australian Atomic Energy Commission 
-(Industrial Chemistry-Extraction 
of U ranium from Lc:icb Liquors) .. 

Department of the Navy (Marine 
Fouling Investigations- Division of 
F isheries) 

Australi:in Cement Manufacturers 
(Cement Investigations - Industrial 
Chemistry) 

Depanment of Defence Production
Bxamination of Gauges (Me1rology) 

General Donations (Division of 
Physics) 

Committee for Dried Fruit Marketing 
(Division of Meteorological Physics) 

Sundry Contributors (Commonwealth 
Scientific and Industrial Research 
Organization- Publications) 

Science and Industry Endowment Fund 
Miscellaneous Contributors (Mathe

matical Instruments Section) 
MisceUaneous Contributors (Minera

graphic lnvestii:ations) 
Wool Scourers, Carbonizers, nnd Fell

rnongers Federation of Australia 
(Wool Textile Rcscnrch) . . 

General Donations (Division of Build
ing Research) 

Shell (Chemical) Aust. Pty. Ltd.
Moth-proofins Investigations (Wool 
Tc11tile Research) 

Patons and Baldwins Ltd.- Solvcnt Do
greasing (Wool Textile Research) . . 

Department of National Development 
- Kimberley Research Station 

Australian D airy Produce Board (Dairy 
Research Laboratory-Cheese Tnves
tigat ions) 

Australian Wine Research Institute 
(Oenological Research) 

Snowy Mountains Hydro-electric 
Authority (Cloud Seeding Investiga
tions-Division of Radiophysics) 

Auslrnli:in Dairy Produce Board 
(Cheese Making Project-Dairy Re
search) .. 

Department of Territories (Resources 
Survey-Papua and New Guinea) .. 

Department of National Development 
(Northern Australia Regional Survey) 

Associated Woollen Worsted Textile 
Manufacturers of Australia (Wool 
Textile Research) 

Various Contributors (International 
Wool Textile Research Conference) 

N.T. Administration- Goose Datnage 
to Rice Crops (Wild Life Investiga
tions) . . . . . . . . 

brought forward 1955-56. 
from 19.54-55. 

£ £ 

1,000 

9,899 

25 

1,822 

1,000 

1,142 

250 

1,000 

1,000 

6,400 

2,081 

1,SOO 

750 

500 

12 

24 
2,301 

126 

166 

3,000 

1,030 

500 

1,250 

1,376 

4,300 

3,566 

12,500 

2 14 

15,817 

19,655 

4,259 

so 

395 

1,000 

9,4660 

1,000 

1,142 

250 

90 

6,400 

1,765 

1,500 

220 

2,30 1 

94 

1,230 

4,300 

3,S66 

4,650 

2 14 

15,Sl? 

18.950 

2,227 

395 

D.-focludcs adjustment or l!>S4-SS .. penditurc. 

Joint Coal Board (Coal Investigations) 
George Aitken Pastoral Resea rch Trust 

(Wildlife Survey Section) . . 
Special Revenue Fund-" Belmont " 

F ield Station, Rockhnmpton (Animal 
Health and Production Investiga
tions) 

Special Revenue Fund- National .field 
Station, "Gilruth Plains", Cunna
mulln (Animal Health and Produc
tion Investigations) 

Special Rcscrvo Fund- National Field 
Station, " Gilruth Plains", Cunna
mulla (Animal Health and Produc
tion Investigations) 

Special Revenue Fund-Grazing Trials, 
Samford Farm (Plant Industry Inves
tigations) 

Special Revenue Fund-Burdo~in 
Bequest (Animal :Health and Produc
tion lnvesUgations) 

Special Revenue Fund - Research 
Station, Griffith (Citrlculturnl Investi
gations) 

Radio Astronomy Trust (Division of 
Radiophysics) 

Suspense Account 

Receipts t 9SS-S6 
and balances .ExpendJture 

brought forward 195S-S6. 
from 1954-SS. 

£ £ 
1,250 

94 

6,277 

17,576 

15,000 

80 

t,57~ 

l 7,574 

l,168 
Cr. 3,059E 

238,735 

1,250 

71 

6,277 

17,576 

5,208 

80 

929 

0,331 

1,168 

172,882 

E.-Adjus1mcnt will be cO'ectcd io tbc appropriate contributors• accouois 
duzina 1956-57. 

3. WOOL ReseARCH TRUST AccoUN'f'. 

A credit balance of £279,037 was brought forward from 
1954-55 in the Wool Research Trust Account. During 
1955-56 the sum of £594,414 was credited to the account, 
comprising £409,207 received from the Department of 
Primary Industry, £50,238 representing proceeds of sale of 
produce, and £134,969 transferred from the Wool Industry 
Fund to meet the deficiency in the Wool Research Trust 
Account. 

Complete details of transactions during 1955-56 ate as 
follows:-

£ £ £ 
Balance in Account, July 1 .• 1955 279,037 

Receipts 1955-56. 

Department of Primary Industry 409,207 
Revenue-

Animal Health and Produclion-
Cobram Field Station . . 1,353 
Regional P:istoral Laboratory, 

Armidalc 17,082 
Sheep Biology Laboratory, Pros-

peel 2,962 
McMastcr Field Stalion 710 
McMaster Laboratory .. 552 

Plant Industry-
"Glen Lossie" Field Station, 

Kojonup 9,434 
Falkiner Memorlal Field Station, 

Deniliquin .. 9,687 
Mitchell Laboratory, Trangie 53 

Biochemistry and General Nutri-
ton-" Glenthorne " Field Station 4,834 

Wool Textile Research Labora· 
tori es-

T extile Laboratory, Gcelong 2,265 
Biochemislry Lnborntory, Mel-

bourne 538 
T extile Laboratory, Sydney 236 

Wild Life-Wild Life Investigations 532 
50,238 

~Ollllt transferred from Wool 
Industry Fund 134,969 

T otal Receipts 1955-56 594,414 

873,451 



Expenditure 1955-56. 

Division of Animal Hcnlth and Pro
duction-

Parkvillc-
Shecp Physiology lnvestigations-

Toorndin . . . . 
Fodder Production-Cobram 

McMastcr Laboratory-
Parasitology Investigations-New 

South Wales 
Pa.rasitology Investigations -

Western Australia .. 
Dipping and External Parasites 
Biochemical Investigations 
Hollerith Equipment 
Biological Investigations 

Yeerongpilly-
Sheep Dlowfly Investigations 

Sheep Biology Laboratory, Pros
pect-

Administrative and General Ex-
penses 

Fleece Analysis 
Wool Biology 
Strain Trial 

Armidale 
National Field Station, " Gilruth 

Plnins"-
Animal Breeding and Strain Trial 

Investigations 
McMaster Field Station-

Wool Production and Sheep 
Dreeding 

Frodsley, Tasmania-
Sheep Investigations 

Division of Plant Industry
Agrostology Investigations 

Research Scrviccs-
Agricultural Research and Extension 

Liaison 
Wool Publications 

Division of Industrial Chemistry
Expcnditurc on Wool Textile Re-

search-
Chemical Physics Investigations .. 
Organic Chemistry Investigations 
Physic:ll Chemistry Investigations 

Division of Biochemistry and General 
Nutrition-

Biochcmical and Nutritional lnvesti
gntions 

Wool Textile Research Laboratories
Wool Textile Research 

Wildlifo Survey Section-
Wildlife Survey .. 

Animal Genetics Scction
Animal Ocnotics Investigations 

Miscellaneous-
Overseas Studentships 

Tota l C.S.l.R.O. Investiga
tions 

Grants from Wool Research Trust 
Account to institutions under
taking research in agricultural 
economics relating to wool pro
duction-

Department of Primary Industry
Burcau o( Agricultural Economics 
Wool Adviser 

Total Department of Primary 
industry Expenditure 

Total Expenditure 1955-56 .. 

Bnlancc carried forward to 1956-57 . . 

£ £ 

5,340 
3,937 

12,320 

500 
1,672 
5,073 
2,710 

300 

3,940 

73,244 
10,085 
62,320 

7,829 

6,061 
839 

11,442 
15,727 
2,946 

37,236 
5,733 

9,277 

22,575 

3,940 

153,478 

60,557 

5,251 

4,649 

3,077 

121,499 

6,900 

30,115 

40,700 

291,951 

52,658 

20,030 

3,825 

42,969 

177 

262,804 

830,482 

873,451 

Nil 

4. WOOL INDUSTRY FuND. 
A credit balance of £48,645 was brought forward from 

1954-55 in the Wool Industry Fund Account. A further 
£429,010 was received during 1955-56. Of this amount 
£134,969 was transferred to the Wool Research Trust 
Account to meet the deficiency in that account (see para. 
3). Expenditure during 1955-56 amounting to £317 ,885 
was incurred as follows:-

Expenditure by C.SJ.R.O. 
Divisions and SectiOn.J. 

Biologico.l Research-
Animal Health and Produc

tion-
Sheep Biology Laboratory, 

Prospect-
Equipment for Climate 

Rooms 
Equipment 
Development expenditure 

-fencing, roads, water 
supply, &c. 

Regional Pastoral Labora
tory and "Chiswick" Field 
Stntion, Armidale - Con
suuction of small buildings 
and roads and provision of 

£ 

18,389 
11,048 

1,849 

services ~,543 

Cobram Field Station-
Equipment 

McMaster Laboratory- De
velopmental expenditure on 
Parasitology block at 

922 

McMaster Field Station . . 3,733 

Biochcmisuy and General Nutri
tion-

Glenthorne Experimental 
Station-

Expcrimental sheep units 
Fences, water reticulation, 

&c. 

Plant Industry-
F alkiner Memorial Field 

Station, Deniliquin
Developmcntal expenditure-

fencing, hayshed, irriga
tion, &c. 

" Glen Lossie " Field Station, 
Kojonup, Western Aus
tralia-

Developmental expenditure--
clearing, fencing, water 
supply, &c.. 

Canberra Laboratory-
Glass-house and fertilizer 

room 
Dickson Experimental Station, 

Canberra-
Fencing, feed racks and 

silos 
Mitchell Laboratory, Trangie-

Improvements 

Wildlife Survey-
Myxomatosis and Rabbit Inves

tigations, Albury-
Fencing 

Wool Texile Research
Biochcmistry Laboratory, Mel

bourne-
Plant 
Equipment 

Textile Laboratory, Geelong
Buildings and site 
Textile macl1incry 
Plant 

Physics and Engineering Unit, 
Sydney

Plant 
Textile Machinery 
Modifications to laboratory 

1,300 
1,631 

6,766 
7,164 

17,561 

9,447 
309 

7,123 

£ 

31,286 

3,543 

922 

3,733 

1,142 

4,040 

2,350 

1,261 

45 

846 

£ 

39,484 

2,293 

8,838 

846 

--2,931 

31,4!)1 

16,879 
51,301 

£ 

102,762 



£ £ 
Expe11di111re by Department of 
Works 011 C.S.I.R.O. Buildings. 

Iliological Research-
Animnl Health and Produc

tion-
Sheep Biology Laboratory, 

Prospect-
Animal House No. I 
Air conditioning prefabri-

caled building 
Main Laboratory 
Climate controlled building 
Cottage No. 2 .. 
Amenities building 
Acquisition of land 
Construction of roadway 
Munurc pit 

Pinnt Industry-
Hend-quarters, Agrostology Sec

tion, Canberra-
Agrostology and Pasture 

Chemistry prefabrications 
Western Australian Investiga

tions-
Regional Laboratory, Perth 

Staff Cottage, Kojonup 

Regional Pastoral Laboratory 
and Falkiner Memorial 
Field Station, Deniliquin-

Staff cottase 
Three cottages 
Acquisition of site 

Biochemistry and General Nutri
tion-

Glenthorne Experimental 
Station-

16,355 

7,245 
13,764 

253 
180 

2,819 
Cr. 16 

2,657 
10 

233 

882 

54 
3,422 

469 

Hay and chaff shed 3,121 

Animal Geoetics-
Extensions to Zoology Building, 

University of Sydney 14,819 

Minor Works-
New South Wales 
Victoria 
Western Australia 
Australian Capital Territory 

Wool Textile Research-
Wool Textile Research Laborn· 

tories-
Biochemistry Laboratory Mel

bourne-
Laboratory building 

2,690 
666 
314 
21 

10,206 

43,267 

5,708 

1,115 

3,945 

3,121 

14,819 

3,69 1 

10,206 
Textile Laboratory, Geelong

Building for electricity sub
station 

Development of site 
Fire alarm system 

Textile Laboratory, Sydney
Laboratory building 
Workshop-store building 

Minor Works-
New South Wales 
Victoria 

3,768 
1,228 

400 

45,526 
2,757 

1,010 
1,824 

5,396 

48,283 

2,834 

£ £ 

43,267 

10.768 

3,121 

14,819 

3,691 

63,885 

2,834 
142,385 

I 78 

Grams from W ool lnd11s1ry Fund 
for Extra-mural Co-operative 
Wool Research. 

Biological Projects

Victoria-
Melbourne University...:... 

Electrolyte physiology 
studies 

Department of Lands and 
Survey-

Rabbit Investigations 

Weste.m Australia-
lnstitute of Agriculture

Ruminal flora studies 
Department of Agricullure

Clover infertility 

South Australia-
Roseworthy Agricultural 

CoJJcgc-

£ 

6,00U 

5,785 

4,750 

l,800 

Progcny testing . . 3,995 
Waite Institute--

Agronomy and entomology 5,350 
University of Adelaide-

Animal ecology . . 600 

Australian Capital Territory
Australian National Univer

sity-
Myxomatosis investigations 

Queensland-
Dcpartment of Agricullure 

and Stock-
Fertility and neo-natal 

1,500 

mortality I, I 00 
Progeny testing and wool 

metrology 300 
Ovinc bmceJJosis 400 
Alterations at Toorak Field 

Station 5,570 
University of Queenslnnd-

Shccp physiology J ,850 
Acclimatization studies 485 

New South Wales-
University of Tecbnology

Wool clip analysis 
University of Sydney

Animal physiology investi
gations 

D
0

epartmeat of Agriculture
Disordered metabolism 
Ee to parasites 
Erection of sheep house, 

Trnngie 
Fleece testing, Trangie .. 

5,159 

2,500 

2,246 
3,500 

5,500 
1,000 

£ £ 

11,785 

6,550 

9,945 

l ,500 

9,705 

20,505 

Wool Textile Research-
Gordon Institute of Tech

nology-
Wool Textile investigations .. 
Wool Industry Research Asso

ciation, U.K. 

Additional Hems Sponsored by 
C.S.I.R.0.-

Expenses 
Wool 
1955 

in connexion with 
Textile Conference, 

3,919 

1,254 

7,575 

5,173 

7,575 

59,990 

5,173 

7,575 

£ 

65,163 

7,575 

317,885 
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5. MISCELLANEOUS RECEIPTS. 

During 1955-56 miscellaneous receipts amounted to 
£74,534. Of this amount £17,122 represented proceeds 
of sales of equipment, publications, &c. The balance of 
£57,412 represented revenue earned by Divisions and 
Sections apart from the Special and Wool Revenue 
included under Sections 2 and 3 respectively. Details of 
the receipts are as follows:-

Revenue Recelpt1. 

Division of Animal Health and Production
Salc of Contagious Plcuropneumonia Vnccine . . 
Mastitis Investigations 
Parkville Laboratory 
Toxaemic Jaundice Investigations, Parkville, 

Victoria 
Oestrus Experiments 
Poultry Breeding Investigations 
Contagious Pleuropncumonia Investigations 
Bacteriological Investigations 
Pnrnsitological Investigations 
McMaster Field Station Revenue 
Veterinary Parasitology Laboratory 

Division of Plant lndustry-
Plant Industry Investigations, Canberra 
Stanlhorpe Field Station 

Division of Entomology-
Entomological Investigations 

Division of Soils-
Merbein Research Station .. 
Soils Investigations 

Division of Food Preservation and Transport 
Division of Forest Products 
Orc·dressing Investigations 
Research Services-Film Unit 
Division of Industrial Chemistry-

Industrial Chemistry Investigations 
Microanalysis Investigations 

Division of Fisheries 
Division of Metrology 
Division of Electrotechnology 
Division of Physics .. 
Division of Building Research .. 
Division of Radiophysics 
Meteorological Physics Section 
Wild Life Survey Section 
Land Research and Regional Survey, Katherine 
Fuel Research Section 

Other Receipts-
Sales of publications 
Sales of equipment, &c. 

£ £ 

9,130 
3,604 

214 

137 
l,900 

10,612 
1,818 

121 
625 

1,840 
951 

4,348 
126 

2 

4,746 
283 

777 

376 

215 

165 

3,250 

2,790 

300 
6;378 

810 

1,225 

61 
155 

4 

37 

45 

167 
57,412 

2,788 
14,334 

17,122 

74,534 

The above sum was paid to the credit of the Trust Fund 
Science and Industry Account during 1955-56 and con
sequently reduced the requirements from Treasury sources 
by that amount (see Section 1). 

6. W ORKS PROJECTS (UNDER CoNTROL OP C.S.I.R.O. ). 

Expenditure on works projects financed from Treasury 
funds made available directly to C.S.l.R.0. was as 
follows:-
Planl Industry- £ £ 

Samford Experimental Station
Dcvelopmcntal expenditure .. 

Beerwah Field Station
Dcvelopmental expenditure .. 

Rodd's Bay Experimental Area
Fencing 

Meteorological Physics-
Aspendale Laboratory-

Multiple lysometer . . 

Food Preservation
Laboratory, Homebush-

AJterations and additions to Metro· 
politnn Meat Industry Board 
buildings 

University of Sydney-
Grant for additional accommodation 

at Botany School 
Laboratory, Hobart-

Plant 

Physics--
Laboratory, Sydney-

Hut nnd housing for solar telescope 

Radiophysics-
Construction of Radio Telescope 

1,250 

999 

28 

327 

142 

5,000 

398 

1,426 

1,168 

7. MISCELLANEOUS SERVICES. 

2,277 

327 

S,540 

1,426 

1,168 

Contribution to Commonwealth Agricultural Bureaux 
Grant to Standards Association of Australia .. 
Contribution to Chair of Aeronautics at University of 

Sydney (establishment and maintenance) .. 
Grant to National Association of Testing Authorities .. 
Australi:m and New Zealand Association for the Advance

ment of Science .. 

XX.XVII. ACKNOWLEDGMENTS. 

£ 

10,738 

£ 
38,329 
45,000 

5,000 
11,102 

1,000 

100,43 1 

Jn various sections of this Report reference has been 
made as in previous years to the valuable assistance 
afforded by many State Departments, Universities, and 
other organizotions 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 assistance it 
has received from its Committees, the members of which 
have placed their knowledge and experience so freely at 
its disposal. 

I. CLUNIES ROSS, Chairman} 
F. W. G. WHITE 
S. H. BASTOW Executive. 
H.J. GOODES 
A. W. COLES 

30th October, 1956. 

Printed and Publlihed for the GOVERNMENT of the COMMONWBALTH OP AUSTRALIA by 
A. J. MTHUR, Commonwealth Government Printer, Canberra. 

, 


